An Pediatr (Barc). 2020;93(1):34-40

anales‘ -pediatria

www.analesdepediatria.org

ORIGINAL ARTICLE

Laboratory determination of thiopurine levels in
paediatric patients with inflammatory bowel disease™

Check for
updates

Rafael Martin-Masot, Maria Pilar Ortiz Pérez, Natalia Ramos Rueda,
Juliana Serrano Nieto, Javier Blasco-Alonso, Victor Manuel Navas-Lopez*

Hospital Regional Universitario de Mdlaga, Hospital Materno Infantil, Mdlaga, Spain

Received 26 July 2019; accepted 11 October 2019

Available online 24 June 2020

KEYWORDS
Monitoring;
Thiopurines;
Inflammatory bowel
disease

Abstract

Introduction and objectives: Thiopurines are drugs widely used in patients for the maintenance
of remission in inflammatory bowel disease. The optimal plasma levels are known, but there is
controversy about whether the need for other drugs is reduced or cost-effective. The aim of this
study is to describe the use of the optimised treatment with thiopurines in paediatric patients
with inflammatory bowel disease followed up in this Unit since the introduction of determining
the drug levels.

Material and methods: A descriptive retrospective study was conducted in which the plasma
values of 6-thioguanine (6-TGN), 6-methyl-mercapto-purine (6-MMP), and their ratios were
analysed using liquid chromatography. Other variables were collected, such as clinical status,
analytical and demographic variables of patients with inflammatory bowel disease followed up
in this Unit.

Results: A total of 72 patients were included, and 140 determinations of metabolites were
performed. The 6-TGN levels were found to below the therapeutic range in 61.5% of patients
(in 7 cases due to lack of adherence to therapy), and 6-MMP was in the toxicity range in 7.4%.
After the determination of 77 specimens, some action was taken, such as modifying the dose,
change of formula, or withdrawing the drug. Only 9 patients were scaled to a biological drug
(13.4% of the total on single therapy). No association was found between the activity of the
disease and the thiopurine levels.

Conclusions: In our experience, the monitoring of thiopurine levels helped to modify the drug
dose that the patient received, adjusting their therapeutic levels, and potentially avoiding the
addition of new drugs.

© 2020 Published by Elsevier Espafa, S.L.U. on behalf of Asociacion Espanola de Pediatria.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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Introduction

Analisis de la determinacién de niveles de tiopurinicos en pacientes pediatricos con
enfermedad inflamatoria intestinal

Resumen

Introduccion y objetivos: Las tiopurinas son farmacos muy empleados para el mantenimiento
de la remision en pacientes con enfermedad inflamatoria intestinal. Se conocen cuales son
los niveles plasmaticos optimos, y existe controversia acerca de si reducen la necesidad de
otros farmacos o son coste-efectivos. El objetivo de nuestro estudio fue describir el uso del
tratamiento optimizado con tiopurinicos en pacientes pediatricos con enfermedad inflamatoria
intestinal seguidos en nuestra unidad desde la implementacion de la determinacion de niveles
de farmaco.

Material y métodos: Estudio descriptivo retrospectivo en el que se analizaron valores en plasma
mediante cromatografia liquida de 6-tioguanina (6-TGN), 6-metilmercaptopurina (6-MMP) y
sus cocientes, asi como estado clinico y variables analiticas y demograficas de pacientes con
enfermedad inflamatoria intestinal en seguimiento en nuestra unidad.

Resultados: Se incluyeron 72 pacientes y se realizaron 140 determinaciones de metabolitos.
En el 61,5% de las determinaciones los niveles de 6-TGN se encontraban por debajo del rango
terapéutico (en 7 casos debido a falta de adherencia terapéutica), y en el 7,4% de las de 6-MMP
estaban en rango de toxicidad. Tras la determinacion de 77 muestras se tomé alguna actitud
derivada, procediéndose a la modificacion de dosis, al cambio de formulacion o a la suspension
del farmaco. Unicamente 9 pacientes escalaron a farmaco biologico (13,4% del total que estaban
en monoterapia). No se encontro relacion entre la actividad de la enfermedad y los niveles de
tiopurinicos.

Conclusiones: En nuestra experiencia la monitorizacion de niveles de tiopurinas ayudé a modi-
ficar la dosis de farmaco que recibia el paciente, adecuando sus niveles terapéuticos y evitando
potencialmente la adicion de nuevos farmacos.

© 2020 Publicado por Elsevier Espafa, S.L.U. en nombre de Asociacion Espafiola de Pediatria.
Este es un articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

6-MMP

Thiopurines are purine analogues frequently used to main-
tain remission in inflammatory bowel disease (IBD), including
ulcerative colitis (UC) and Crohn disease (CD). Azathio-
prine (AZA) and 6-mercaptopurin (6-MP) are two of them.’
These 2 agents do not have a direct therapeutic effect
and are therefore considered prodrugs. Azathioprine is con-
verted by the enzyme glutathione S-transferase to 6-MP,
generating the metabolites 6-thioguanine (6-TGN) and 6-
methylmercaptopurine (6-MMP) (Fig. 1). The therapeutic
effect of AZA is attributed to 6-TGN, which by inhibit-
ing the enzyme Rac1 induces T cell apoptosis and reduces
inflammation.? In addition, since they are purine analogues,
they interfere with the synthesis of proteins and nucleic
acids. They are considered immunomodulatory drugs that
act intracellularly and have a delayed effect that peaks
10 to 12 weeks from initiation of therapy.> Their toxicity
is mainly attributed to 6-MMP, but 6-TGN may also con-
tribute to it.# Thiopurine methyltransferase (TPMT) is a key
enzyme when it comes to cytotoxicity, as it catalyses the
conversion of 6-MP to 6-MMP and the levels of the toxic
metabolite will vary depending on the level of activity of this
enzyme. Thiopurine methyltransferase variants correspond-
ing to a low enzymatic activity are considered a risk factor

TPMT
| [ oS HPRT ——— IMPDHJ___’
AZA [ 6-MP | | 6-TIMP 1 6-TxwP
GMPS
X0
6-TU

Figure 1  Thiopurine metabolic pathway.

6-MMP, 6-methylmercaptopurine; 6-MP, 6-mercaptopurine;
6-TGDP: 6-thioguanine diphosphate; 6-TGMP: 6-tioguanina
monophosphate; 6-TGTP: 6-tioguanina triphosphate; 6-
TIMP: 6-metiltioinosinato; 6-TU: 6-thiouric acid; 6-TXMP,
6-thioxanthylic acid; AZA, azathioprine; GMPS, guanosine
monophosphate synthetase; HPRT: hypoxanthine-guanine-
phosphoribosyltransferase; IMPDH: inosine 5’- monophosphate
dehydrogenase; TPMT, thiopurine methyltransferase; XO,
xanthine oxidase.
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for drug toxicity, and therefore thiopurines should not be
used in patients homozygous for these variants.> However,
myelotoxicity can occur despite normal TPMT activity>® and
measurement of TPMT activity can only help establish the
increased risk of myelosuppression in patients homozygous
for a low-activity variant, who in Spain amount to less than
0.5% of the total population.”

When it comes to the optimal levels of 6-TGN in red blood
cells (RBCs), levels of 235-450 pmol/8 x 108 RBCs are consid-
ered adequate and associated with remission.® Lower levels
would be insufficient, while levels above 450 pmol/8 x 102
RBCs may increase the risk of myelotoxicity.” When it comes
to 6-MMP, levels of 5700 pmol/8 x 108 RBCs are considered
optimal.'®

In recent years, a growing number of hospitals have
been incorporating thiopurine monitoring in clinical prac-
tice. Serum levels of 6-MMP and 6-TGN are measured with
the aim of reducing the incidence of myelosuppression,
and some studies have reported that it could prevent up
to ¥ of myelosuppression episodes® while also reducing
hepatotoxicity'® and improving drug efficacy, increasing the
rate of clinical remission.'®'" Other studies suggest that
monitoring may also improve adherence to pharmacologi-
cal treatment.’" However, there have also been studies that
did not find a clear improvement with thiopurine monitoring
compared to no monitoring.'?

The aim of our study was to describe the use of optimised
thiopurine therapy in paediatric patients with IBD followed
up in our unit from the introduction of thiopurine monitor-
ing, and to assess for the potential benefits derived from
monitoring, such as dose adjustment, a decreased risk of
toxicity or the optimisation of treatment without need of
dose escalation.

Material and methods

Study sample

We retrospectively included patients aged 0 to 14 years
with an existing diagnosis of IBD managed in our unit that
required measurement of thiopurine metabolite levels dur-
ing the follow-up. The patients had received the drug for at
least 12 weeks. The indications for measurement of serum
thiopurine metabolite levels were poor or suboptimal con-
trol of disease during remission, development of adverse
events or concerns regarding adherence.

We reviewed health records to collect demographic
and clinical data (disease phenotype, initial presentation,
diagnostic workup and disease activity index), and data
on laboratory tests (antibodies, complete blood count,
C-reactive protein, chemistry panel) and anthropometric
measurements. We collected the measured levels of 6-
TGN, 6-MMP, the 6-MMP/6-TGN and 6-TGN/6-MMP ratios,
TPMT activity, dosage of oral AZA or 6-MP prescribed to the
patient, dosage form (most frequently tablets, in some cases
solutions, depending on age), concomitant medication and
treatment approach after measurement of metabolite lev-
els (dose increase, drug switch, withdrawal of drug or no
changes). We defined clinical remission as a weighted Pae-
diatric Crohn’s Disease Activity Index (wWPCDAI) of less than

12.5 in patients with CD or a Paediatric Ulcerative Colitis
Activity Index (PUCAI) of less than 10 in patients with UC.

Measurement of metabolite levels

levels of 6-TGN and 6-MMP
by means of high-performance

We measured serum
(pmol/8 x 108  RBCs)
liquid chromatography.

Statistical analysis

We conducted a descriptive analysis of the sample and
variables under study by calculating the mean, standard
deviation, median and interquartile range depending on
whether or not the data followed normal distribution.
We compared qualitative data by used of the chi square
test or Fisher exact test, and quantitative data with the
Student t test if the normal distribution and homogene-
ity of variance assumptions were met, and otherwise the
Mann-Whitney U test or the Welch test. We developed
prediction models for treatment response by means of uni-
variate and multivariate logistic regression. The variables
included in the development of the model were those
for which we found statistically significant differences or
differences that neared statistical significance in the uni-
variate analysis (P<.15) and variables considered to be
associated with the dependent variable based on current
knowledge or empirical experience. We developed a mul-
tivariate regression model with selection of variables by
backward elimination. We measured the strength of the
association of the independent variables included in the
model and the dependent variable by calculating odds ratios
(ORs) with their corresponding 95% confidence intervals. We
defined statistical significance as a P-value of less than .05.

Informed consent

The study was approved by the Clinical Research Ethics Com-
mittee of the hospital and adhered to the corresponding
guidelines. We collected information from health records
in adherence to the protocol established by the hospital.

Results

A total of 140 measurements were made in the 72 patients
included in the study. The mean number of measurements
per patient was 1.94+1.09. We did not find differences
in the baseline characteristics of patients with UC and CD
save for the need of biological therapy (more frequent in
CD) and the overall treatment used during the followu-
p period. Table 1 summarises the characteristics of the
patients included in the sample.

The dose of AZA used for treatment was adjusted to pub-
lished guidelines,” although up to 61.5% of patients had
subtherapeutic levels of 6-TGN and 7.4% had levels of 6-
MMP in the toxicity range. Table 2 summarises the measured
serum metabolite levels. In most cases, the thiopurine dose
was increased following the measurement of metabolite lev-
els (Table 3).
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Table 1 Characteristics of included patients.
Crohn disease Ulcerative colitis P
n 47 25
Sex (M/F) 25/22 11/14 .458
Age at diagnosis (mean + SD) 9.87+3.36 8.21+4 .069
Ethnic background 41/6 20/5 417
(Mediterranean/Maghrebi)
Anthropometric values at diagnosis (age >5 years) (mean =+ SD)
Weight (kg) 36.41+13.4 31.26 £9.63 .183
Weight z-score —0.54+£1 —0.57+£0.72 .298
Height (cm) 144.72 +16.77 137.71 17 .208
Height z-score —0.17 £1.67 —0.04+1 .633
BMI (kg/m?) 17.214+2.86 16 +2.12 .107
BMI z-score —0.72+£1.44 —0.69+0.71 .228
Family history (Yes/No) 9/38 5/20 .931
TPMT activity (IU/mL packed RBC)
<5 0 0
5-13.7 4
>13.7 38 17
Duration of follow-up. years 3.95/1.81:3.20-5.01 4.30/3.79:2.28-6.07 .762
(median/IQR)
Need of biological therapy 32/15 6/19 <.001
(Yes/No)
Time elapsed to initiation of 14.16/19.29:7.74-27.03 31.57/44.36:1.82-46.17 .425
biological therapy in
patients receiving
monotherapy. months
(median/IQR)
Other drugs used during follow-up (number of patients)
Oral tacrolimus oral 0 5 .004
Rectal tacrolimus rectal 1 2 .282
Steroids 10 9 .159
Enteral nutrition 19 2 .004
Oral 5-ASA oral 3 17 <.001
Rectal 5-ASA rectal 0 8 <.001

IQR, interquartile range; RBC, red blood cell; SD, standard deviation; TPMT: thiopurine-methyltransferase.

Table 2 Levels of thiopurines expressed in pmol/8 x 108 RBCs and dose of oral AZA.

Blood metabolite levels Median Within Above Below
therapeutic therapeutic therapeutic
range range range

6-TGN 211 140 (141-281) 47 (33.8%) 7 (5%) 85 (61.5%)

6-MMP 1321.5 2299.39 (490.1-2789.48) 126 (92.6%) 10 (7.4%)

6-MMP/6-TGN 6.04 12.05 (2.67-41.62)

6-TGN/6-MMP 0.15 0.30 (0.06-0.36)

AZA dose (mg/kg/day) 2.54 0.53 (2.25-2.77)

6-MMP, 6-methylmercaptopurine; 6-TGN, 6-thioguanine; AZA, azathioprine; IQR, interquartile range.

The logistic regression analysis did not find an association

between disease activity/remission and the level of 6-TGN,

the daily dose of AZA (in mg/kg or mg/m?) or the 6-TGN/6-
MMP and 6-MMP/6-TGN ratios. Table 4 presents the observed
metabolite levels in relation to the level of disease activity.

Adherence to treatment

Measurement of metabolite levels allowed detection of 4
cases of nonadherence, corresponding to an adherence rate
greater than 95%. A new personal and family history was
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Table 3  Approach following measurement of thiopurine levels.

No change
Change in treatment

57 (40.7%)

77 (55%)

Dose increase

Dose decrease
Discontinuation of drug

Change in dosage form (switch from solution to tablet or vice versa)
Initiation of a different drug (methotrexate)
Initiation of biological therapy?

62 (45.2%)
5 (3.6%)

8 (5.8%)

2 (1.4%)

1 (1.25%)
9/67 (13.4%)

@ |n patients receiving monotherapy at the time of testing.

Table 4 Mean thiopurine metabolite levels measured in pmol/8 x 10% RBCs in patients in monotherapy by disease activity.

Plasma 6-TGN 6-MMP 6-MMP/6-TGN 6-TGN/6-MMP
metabolites
Patients in Median  246.08 1235 5.89 0.17
remission
IQR 228.5 (130.4-358.9) 3409.55 (581.45-3991) 12.46 (2.84-15.29)  0.28 (0.07-0.35)
Patients with Median  210.5 1321.5 7.24 0.13
active disease
IQR 124.58 (141.32-265.9)  1853.34 (702.91-2556.25) 9.26 (3.42-12.68) 0.21 (0.07-0.29)

6-MMP, 6-methylmercaptopurine; 6-TGN, 6-thioguanine; IQR, interquartile range.

taken in these patients to identify the factors that led to
nonadherence.

Adverse events

In 17 cases, the patient was receiving an excessive
dose (6-TGN >450pmol/8 x 108 RBCs) or the drug was
metabolised via an alternative pathway (6-TGN <230 and
6-MMP >5700 pmol/8 x 108 RBCs). However, there was no
evidence of hepatotoxicity or myelotoxicity in any of the
patients.

Discussion

Our findings reveal that a high percentage of patients had
levels of 6-TGN considered subtherapeutic, while as many
as 7.4% had 6-MMP levels in the toxic range at the time of
testing.?

A recent study' found a similar proportion of thiopurine
underdosing in the study sample (45.6%), demonstrating
that metabolite level monitoring may help identify patients
in who increasing the dose of AZA could help maintain
remission without addition of other drugs, as recommended
by clinical practice guidelines,®'> as previous studies have
described the need for higher-than-standard doses of AZA or
6-MP in some patients to increase the rate of remission.'®

Another of the potential advantages of thiopurine mon-
itoring is to prevent drug-related toxicity, as there is
evidence that approximately 20% to 305 of patients has to
discontinue treatment due to the emergence of adverse
effects.””-" Some forms of hepatotoxicity are associated
with 6-MMP levels, suggesting that concentrations of this
metabolite greater than 5700 pmol/8 x 10® RBCs are a risk

factor for liver toxicity.”'° In our sample, we found that
10 measurements of 6-MMP (7.4%) detected levels in the
hepatotoxicity range, a proportion similar to those reported
by other authors.™ As for the levels of 6-TGN, several
studies support a positive association with the risk of
myelotoxicity, 2% even in the early stages of treatment,?’
and therefore monitoring these levels and making the nec-
essary adjustments could prevent this negative outcome in
some cases. In our study, we found that as many as 5% of
measurements detected levels greater than recommended,
which was similar to the overall proportion of 7% reported
in a systematic review published by Gisbert and Gomollén.??

Only 9 of the 67 patients receiving AZA as monotherapy
(13.4%) required addition of biological agents to the regi-
men, a percentage similar to the 12% reported by Suarez
et al.2? The mean duration of follow-up of the disease in
our unit before initiation of biological therapy was 4.41
years, and the mean duration of monotherapy with AZA
was 18 months in patients with CD (the predominant phe-
notype requiring biological therapy in our case series, with
a statistically significant difference in frequency compared
to patients with UC). Monitoring thiopurine metabolite lev-
els could potentially reduce escalation to biological therapy
or other treatments, although on the other hand biological
agents are used increasingly frequently in patients with IBD.
In our unit, we found that the number of patients receiv-
ing biological therapy was increasing progressively, with a
stricter approach in response to the development of certain
adverse events associated with thiopurine use. In addition,
the safety profile of biological agents is better,”* and there
is evidence that biological therapy, alone or in combina-
tion, can achieve mucosal healing in a higher percentage
of patients.?>%¢
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However, we believe that from an economic standpoint
thiopurine monitoring may be cost-effective, a factor previ-
ously evaluated by other authors,?” partly due to the lower
cost of thiopurines compared to other treatment options
such as biological drugs. However, more cost-effectiveness
studies are necessary to be able to make clear recommen-
dations in this regard.

In agreement with previous studies in adults,?®?° and con-
trary to the findings reported by other authors,?3%3" we did
not find an association between 6-TGN and disease activ-
ity. This was probably due to the high number of cases lost
to follow-up, which can be attributed to the retrospective
data collection, and to the absence of wPCDAI or PUCAI
scores recorded at the time of the appointment, which in
most cases was due to other laboratory tests used in assess-
ing disease activity not being performed on the same date
that samples were collected for measurement of metabolite
levels. The baseline characteristics of the population under
study must also be taken into account when interpreting
results, as they may limit external validity. For instance, in
the study conducted by Lee et al.,*° thiopurine metabolite
levels were measured in patients receiving azathioprine in
combination with mesalamine and not in patients receiving
AZA as monotherapy. In addition, the mean dose of AZA in
that study was considerably lower compared to the mean
dose received by patients in our unit (1.01 mg/kg/day ver-
sus 2.54mg/kg/day), which may have had an impact on the
results, as higher doses would be more strongly associated
with remission based on various guidelines that recommend
administration of more than 2 mg/kg/day of AZA in patients
with IBD? and normal TPMT activity. Another possible expla-
nation would be that patients in the study by Lee et al.
were Asian, whereas most patients in our unit were Cau-
casian or of Maghrebi descent, and the levels of AZA required
to maintain remission may vary based on racial and ethnic
background.3? A systematic review by Konidari et al.”® led
to the conclusion that thiopurine levels cannot be used to
predict clinical remission but can help optimise treatment
and prevent drug toxicity, and a recent meta-analysis found
association between 6-TGN levels and the rate of remission
and attributed the conflicting results of previous studies to
the lack of standardisation in thiopurine level assays.>*

Our study has limitations, chief of which is its retrospec-
tive design. On the other hand, the large number of tests
and the substantial patient follow-up are two of its main
strengths, and our study is relevant given the lack of similar
studies in Spain.

Based on the experience in our unit, it is reasonable to
conclude that thiopurine metabolite monitoring in paedi-
atric patients with IBD is effective for the purpose of guiding
the therapeutic approach, as it may help optimise thiopurine
therapy and in many cases prevent escalation to other treat-
ments, usually biological therapy. It may also be useful for
detection of high drug concentrations that may cause tox-
icity, the prevention of which also makes this intervention
useful for the purpose of treatment optimisation in these
patients. We believe that thiopurine monitoring should be
used in most hospitals. Further research is needed to clearly
establish the percentage of patients that benefit from mon-
itoring and the circumstances in which it is indicated, in
addition to the use of pharmacogenetic testing to determine
individual risk in patients.

Conflicts of interest

The authors have no conflicts of interest to declare.

References

1. Roberts RL, Barclay ML. Update on thiopurine pharmaco-
genetics in inflammatory bowel disease. Pharmacogenomics.
2015;16:891-903.

2. Roberts RL, Barclay ML. Current relevance of pharmacogenetics
in immunomodulation treatment for Crohn’s disease. J Gas-
troenterol Hepatol. 2012;27:1546-54.

3. Turner D, Ruemmele FM, Orlanski-Meyer E, Griffiths A, Martin de
Carpi J, Bronsky J, et al. Management of paediatric ulcerative
colitis. Part 1: Ambulatory care — an evidence-based guide-
line from ECCO and ESPGHAN. J Pediatr Gastroenterol Nutr.
2018;67:257-91.

4, Dubinsky MC, Lamothe S, Yang HY, Targan SR, Sinnett D, Théorét
Y, et al. Pharmacogenomics and metabolite measurement for
6-mercaptopurine therapy in inflammatory bowel disease. Gas-
troenterology. 2000;118:705-13.

5. Chande N, Patton PH, Tsoulis DJ, Thomas BS, MacDonald JK. Aza-
thioprine or 6-mercaptopurine for maintenance of remission in
Crohn’s disease. Cochrane Database Syst Rev. 2015. CD000067.

6. Benmassaoud A, Xie X, AlYafi M, Theoret Y, Bitton A, Afif
W, et al. Thiopurines in the management of Crohn’s disease:
safety and efficacy profile in patients with normal TPMT activ-
ity — a retrospective study. Can J Gastroenterol Hepatol.
2016;2016:1034834.

7. Bermejo F, Aguas M, Chaparro M, Domenech E, Echarri A,
Garcia-Planella E, et al. Recomendaciones del Grupo Espanol de
Trabajo en Enfermedad de Crohn y Colitis Ulcerosa (GETECCU)
sobre el uso de tiopurinas en la enfermedad inflamatoria intesti-
nal. Gastroenterol Hepatol. 2018;41:205-21.

8. Osterman MT, Kundu R, Lichtenstein GR, Lewis JD. Association of
6-thioguanine nucleotide levels and inflammatory bowel disease
activity: a meta-analysis. Gastroenterology. 2006;130:1047-53.

9. Gearry RB, Barclay ML. Azathioprine and 6-mercaptopurine
pharmacogenetics and metabolite monitoring in inflammatory
bowel disease. J Gastroenterol Hepatol. 2005;20:1149-57.

10. Konidari A, Anagnostopoulos A, Bonnett LJ, Pirmohamed M,
el-Matary W. Thiopurine monitoring in children with inflamma-
tory bowel disease: a systematic review. Br J Clin Pharmacol.
2014;78:467-76.

11. Stocco G, Londero M, Campanozzi A, Martelossi S, Marino S,
Malusa N, et al. Usefulness of the measurement of azathio-
prine metabolites in the assessment of non-adherence. J Crohns
Colitis. 2010;4:599-602.

12. Dassopoulos T, Dubinsky MC, Bentsen JL, Martin CF, Galanko JA,
Seidman EG, et al. Randomised clinical trial: individualised vs.
weight-based dosing of azathioprine in Crohn’s disease. Aliment
Pharmacol Ther. 2014;39:163-75.

13. Guariso G, Gasparetto M. Treating children with inflammatory
bowel disease: current and new perspectives. World J Gastroen-
terol. 2017;23:5469-85.

14. Sanchez Rodriguez E, Rios Leon R, Mesonero Gismero F, Albil-
los A, Lopez-Sanroman A. Experiencia en practica clinica de
optimizacion de tiopurinas mediante determinacion de sus
metabolitos en la enfermedad inflamatoria intestinal. Gastroen-
terol Hepatol. 2018;41:629-35.

15. Ruemmele FM, Veres G, Kolho KL, Griffiths A, Levine A, Escher
JC, et al. Consensus guidelines of ECCO/ESPGHAN on the medi-
cal management of pediatric Crohn’s disease. J Crohns Colitis.
2014;8:1179-207.

16. Grossman AB, Noble AJ, Mamula P, Baldassano RN. Increased
dosing requirements for 6-mercaptopurine and azathioprine in


http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0170
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0170
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0170
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0170
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0170
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0170
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0170
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0170
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0170
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0170
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0170
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0170
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0170
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0170
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0170
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0170
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0170
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0170
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0170
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0170
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0170
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0175
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0180
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0185
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0190
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0195
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0200
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0205
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0210
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0215
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0220
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0225
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0230
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0235
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0240
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245

40

R. Martin-Masot et al.

17.

18.

19.

20.

21.

22.

23.

24.

25.

inflammatory bowel disease patients six years and younger.
Inflamm Bowel Dis. 2008;14:750-5.

Chaparro M, Ordas I, Cabré E, Garcia-Sanchez V, Bastida G,
Penalva M, et al. Safety of thiopurine therapy in inflammatory
bowel disease. Inflamm Bowel Dis. 2013;19:1404-10.

Qiu Y, Mao R, Zhang S, Li M, Guo J, Chen B, et al. Safety
profile of thiopurines in Crohn disease. Medicine (Baltimore).
2015;94:e1513.

Gallego-Gutierrez S, Navas-Lopez VM, Kolorz M, Bartosova L,
Lukac K, Luque-Perez S, et al. Successful mercaptopurine usage
despite azathioprine-induced pancreatitis in paediatric Crohn’s
disease. J Crohns Colitis. 2015;9:676-9.

Meijer B, Wilhelm AJ, Mulder CJJ, Bouma G, van Bodegraven AA,
de Boer NKH. Pharmacology of thiopurine therapy in inflamma-
tory bowel disease and complete blood cell count outcomes.
Ther Drug Monit. 2017;39:399-405.

Wong DR, Coenen MJH, Vermeulen SH, Derijks LJJ, van Mar-
rewijk CJ, Klungel OH, et al. Early assessment of thiopurine
metabolites identifies patients at risk of thiopurine-induced
leukopenia in inflammatory bowel disease. J Crohns Colitis.
2017;11:175-84.

Gisbert JP, Gomollon F. Thiopurine-induced myelotoxicity in
patients with inflammatory bowel disease: a review. Am J Gas-
troenterol. 2008;103:1783-800.

Suarez Ferrer C, Gonzalez-Lama Y, Gonzalez-Partida I, Calvo
Moya M, Vera Mendoza |, Matallana Royo V, et al. Usefulness
of thiopurine monotherapy for Crohn’s disease in the era of
biologics: a long-term single-center experience. Dig Dis Sci.
2019;64:875-9.

Bonovas S, Fiorino G, Allocca M, Lytras T, Nikolopoulos GK,
Peyrin-Biroulet L, et al. Biologic therapies and risk of infection
and malignancy in patients with inflammatory bowel disease:
a systematic review and network meta-analysis. Clin Gastroen-
terol Hepatol. 2016;14:1385-97.e10.

Panaccione R, Ghosh S, Middleton S, Marquez JR, Scott BB, Flint
L, et al. Combination therapy with infliximab and azathioprine is
superior to monotherapy with either agent in ulcerative colitis.
Gastroenterology. 2014;146:392-400.e3.

26.

27.

28.

29.

30.

31.

32.

33.

Colombel JF, Sandborn WJ, Reinisch W, Mantzaris GJ, Korn-
bluth A, Rachmilewitz D, et al. Infliximab, azathioprine,
or combination therapy for Crohn’s disease. N Engl J Med.
2010;362:1383-95.

Dubinsky MC, Reyes E, Ofman J, Chiou C-F, Wade S, Sand-
born WJ. A cost-effectiveness analysis of alternative disease
management strategies in patients with Crohn’s disease treated
with azathioprine or 6-mercaptopurine. Am J Gastroenterol.
2005;100:2239-47.

Lowry PW, Franklin CL, Weaver AL, Pike MG, Mays DC, Tremaine
WJ, et al. Measurement of thiopurine methyltransferase activ-
ity and azathioprine metabolites in patients with inflammatory
bowel disease. Gut. 2001;49:665-70.

Gonzalez-Lama Y, Bermejo F, Lopez-Sanroman A, Garcia-
Sanchez V, Esteve M, Cabriada JL, et al. Thiopurine methyl-
transferase activity and azathioprine metabolite concentrations
do not predict clinical outcome in thiopurine-treated inflam-
matory bowel disease patients. Aliment Pharmacol Ther.
2011;34:544-54.

Lee M-N, Kang B, Choi SY, Kim MJ, Woo SY, Kim JW,
et al. Relationship between azathioprine dosage, 6-thioguanine
nucleotide levels, and therapeutic response in pediatric
patients with IBD treated with azathioprine. Inflamm Bowel Dis.
2015;21:1054-62.

Nguyen TV, Vu DH, Nguyen TM, Lachaux A, Boulieu R. Explor-
ing associations of 6-thioguanine nucleotide levels and other
predictive factors with therapeutic response to azathioprine in
pediatric patients with IBD using multilevel analysis. Inflamm
Bowel Dis. 2013;19:2404-10.

Ohtsuka Y, Arai K, Aoyagi Y, Fujii T, Yamakawa Y, Ohtani K, et al.
Monitoring 6-thioguanine nucleotide concentrations in Japanese
children and adolescents with inflammatory bowel disease. J
Gastroenterol Hepatol. 2010;25:1626-30.

Moreau AC, Paul S, del Tedesco E, Rinaudo-Gaujous M,
Boukhadra N, Genin C, et al. Association between 6-thioguanine
nucleotides levels and clinical remission in inflammatory dis-
ease. Inflamm Bowel Dis. 2014;20:464-71.


http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0245
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0250
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0255
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0260
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0265
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0270
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0275
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0280
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0285
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0290
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0295
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0300
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0305
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0310
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0315
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0320
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0325
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330
http://refhub.elsevier.com/S2341-2879(20)30087-9/sbref0330

	Laboratory determination of thiopurine levels in paediatric patients with inflammatory bowel disease
	Introduction
	Material and methods
	Study sample
	Measurement of metabolite levels
	Statistical analysis
	Informed consent

	Results
	Adherence to treatment
	Adverse events

	Discussion
	Conflicts of interest
	References


