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In utero exposure to Azathioprine in autoimmune disease. Where do we stand?

niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

The actual data show that although the risk of congenital anomalies in offspring, as well as the infertility risk, are similar to those found in general population, there is a higher incidence of prematurity, of lower weight at birth and an intra-uterine delay of development. There is also an increased risk of materno-fetal infections, especially cytomegalovirus infection. Some authors raise the interrogations about neurocognitive impairment. Even though the adverse outcomes might well be a consequence of maternal illness and disease activity, interest has been raised about a contribution of this drug. However, the interferences between the external agent (in utero exposure to AZA), with the host (child genetic susceptibility, immune system anomalies, emotional status), environment (public health, social context, availability of health care), economic, social, and behavioral conditions, cultural patterns, are complex and represent confounding factors.

In conclusion, it is necessary to perform studies on the medium and long-term outcome of children born by mothers with autoimmune diseases, treated with AZA, in order to show the safety of AZA exposure. Only large-scale population studies with long-term follow-up will allow to formally conclude in this field.

Take home messages

• There is no study on a significant number of subjects concerning the medium and long-term outcome of children born by mothers with autoimmune disease treated with AZA • As AZA use is related to underlying disease and disease activity and many confounders interfere with AZA treatment, there is a major difficulty to distinguish between the influence of the disease itself on the risk of adverse birth outcome and potential AZA effects in offspring at medium and long term. • Data need to be implemented with large, multicenter studies.

Introduction

Although autoimmune diseases (AI) are rare, their prevalence as whole group of diseases is estimated to be around 9.4% in the general population [START_REF] Eaton | Epidemiology of autoimmune diseases in Denmark[END_REF].

Beside a large variety of immunosuppressive drugs and biotherapies currently used, several new therapies emerge at now [START_REF] Felten | The 2018 pipeline of targeted therapies under clinical development for Systemic Lupus Erythematosus: a systematic review of trials[END_REF][START_REF] Peiffer-Smadja | Corticosteroids an immunosuppressive agents for idiopathic recurrent pericarditis[END_REF][START_REF] Dagan | Anakinra in idiopathic recurrent pericarditis refractory to immunosuppressive therapy; a preliminary experience in seven patients[END_REF].

Nevertheless, several unmeet need still remain in rheumatology and autoimmune disease [START_REF] Winthrop | Unmet need in rheumatology: reports from the Targeted Therapies meeting 2019[END_REF].

The activity of disease in pregnant women with autoimmune diseases requires sometimes the use of immunosuppressive drugs, among which Azathioprine (AZA) is one of the best studied and widely prescribed. Although AZA is considered safe during pregnancy [START_REF] Andreoli | EULAR recommendations for women's health and the management of family planning, assisted reproduction, pregnancy and menopause in patients with systemic lupus erythematosus and/or antiphospholipid syndrome[END_REF][START_REF] Levy | Critical review of the current recommendations for the treatment of systemic inflammatory rheumatic diseases during pregnancy and lactation[END_REF][START_REF] Skorpen | The EULAR points to consider for use of antirheumatic drugs before pregnancy, and during pregnancy and lactation[END_REF], some reports suggested different impairments in the offspring of mothers with AI exposed to AZA. The complications reported in these children mainly consisted in congenital malformations, preterm birth and low birth weight, neurocognitive problems, temporary immunological disturbances. These observations are mostly derived from retrospective studies (cohorts with no control groups) or case reports, therefore the quality of evidence of the relationship with antenatal exposure to AZA is low. Data with respect to the long-term safety in the antenatally exposed child are still lacking.

Prematurity and intrauterine growth restriction (IUGR) and some reversible hematological anomalies have been reported in children exposed to AZA, but maternal disease activity during pregnancy could be a confounder. In addition, some authors reported a lower birth weight and a higher rate of prematurity [START_REF] Akbari | Systematic review and metaanalysis on the effects of thiopurines on birth outcomes from female and male patients with inflammatory bowel disease[END_REF], impaired neonatal hematopoiesis [START_REF] Davison | Maternai azathioprine therapy and depressed haemopoiesis in the babies of renal allograft patients[END_REF], atrial or ventricular septal defects [START_REF] Cleary | Early pregnancy azathioprine use and pregnancy outcomes[END_REF] after AZA in utero exposure. A maternal-fetal infectious risk (particularly to CMV) could be possibly related to the immunosuppression induced by AZA.

There are limited and controversial data on the long-term neurodevelopment of children exposed in utero to AZA [START_REF] Gayed | Pregnancy and rheumatic diseases[END_REF][START_REF] Marder | In utero azathioprine exposure and increased utilization of special educational services in children born to motherss with systemic lupus erythematosus[END_REF]. Most of the data regarding the use of AZA during pregnancy derive from non-systemic lupus erythematosus (SLE), non-systemic autoimmune diseases cohorts, but rather from renal transplantation. Some data are available from inflammatory bowel diseases (IBD) patients. There are also reports on neurocognitive impairment (autism, learning disabilities and special educational services) as related to AZA antenatal exposure in autoimmune diseases [START_REF] Marder | Increased usage of special educational services by children born to motherss with systemic lupus erythematosus and antiphospholipid antibodies[END_REF][START_REF] Vinet | Increased Risk of Autism Spectrum Disorders in Children Born to Women With Systemic Lupus Erythematosus: Results From a Large Population-Based Cohort[END_REF]. This review summarizes the current knowledge in the field of health of children exposed to AZA born to mothers with various AI and particularly with SLE and strengthens the need for a prospective study on this population.

We performed a PubMed search using the search terms azathioprine AND in utero exposure, azathioprine AND birth outcome, azathioprine AND Intrauterine exposure, immunosuppressive therapy AND pregnancy, antirheumatic drugs AND pregnancy, azathioprine AND foetus, azathioprine AND paternal exposure, offspring and azathioprine, azathioprine AND infertility, fetal toxicity AND immunosuppressive drugs in pregnancy, azathioprine AND expectant fathers, azathioprine AND breast feeding, mercaptopurine AND birth outcome, thiopurine AND pregnancy, azathioprine AND inflammatory bowel disease, azathioprine AND Systemic lupus erythematosus, azathioprine AND Transplant, azathioprine AND Crohn's disease, azathioprine AND ulcerative colitis, azathioprine AND autoimmune disease, mercaptopurine AND inflammatory bowel disease, mercaptopurine AND Systemic lupus erythematosus, mercaptopurine AND Transplant, mercaptopurine AND Crohn's disease, mercaptopurine AND ulcerative colitis, mercaptopurine AND autoimmune disease.

References from selected papers were reviewed and used if relevant.

Pharmacological properties of AZA

Azathioprine is an antimetabolite which is 80% metabolized to 6-mercaptopurine (6-MP). 6-MP, in turn, is changed into the active metabolite 6-thioguaninenucleotide (6-TGN). Approximately 47% of orally given AZA is absorbed, whereas 6-MP is, on average, only 16% absorbed. A teratogenic potential in humans has not been identified. It may be prescribed during pregnancy. The placental transfer is limited ( 16); however, 6-TGN was found in similar concentrations in the erythrocytes of three mothers and their healthy newborns [START_REF] De Boer | Azathioprine use during pregnancy: unexpected intrauterine exposure to metabolites[END_REF]. Jharap et al. discussed whether the maternally derived metabolites, and not the maternal drug, crossed the placental barrier [START_REF] Jharap | Dutch Initiative on Crohn and Colitis. Intrauterine exposure and pharmacology of conventional thiopurine therapy in pregnant patients with inflammatory bowel disease[END_REF]. They prospectively analyzed thiopurine metabolism before, during, and after pregnancy in 30 mother-child pairs (31 infants) and found that during pregnancy, maternal 6-TGN decreased, white 6-methylmercaptopurine (6-MMP) increased [START_REF] Jharap | Dutch Initiative on Crohn and Colitis. Intrauterine exposure and pharmacology of conventional thiopurine therapy in pregnant patients with inflammatory bowel disease[END_REF].

The enzyme inosinatopyrophosphorylase is lacking in the fetal liver, and, as it converts AZA to its active form, the fetus should therefore be theoretically protected from AZA crossing the placenta [START_REF] Andreoli | Pregnancy implications for systemic lupus erythematosus and the antiphospholipid syndrome[END_REF][START_REF] Polifka | Teratogen update: azathioprine and 6-mercaptopurine[END_REF].

Use of AZA during pregnancy: data on teratogenicity

AZA has been shown to induce teratogenic effects (limb, eye, digits, skeletal, CNS) in various animals (rat, mouse, rabbit, and hamster) [START_REF] Jlschardein | Chemically Induced Birth Defects[END_REF].

There are no conclusive cases of human malformations attributed to maternal treatment with AZA.

U.S. Food and Drug Administration's (FDA) pregnancy category places AZA in category D (for all Trimesters): there is positive evidence of human fetal risk, but the benefits from use in pregnant women may be acceptable despite the risk (e.g., if the drug is needed in a lifethreatening situation or for a serious disease for which safer drugs cannot be used or are ineffective). Also, the Australian TGA Drug Evaluation Committee's category places AZA in category D drugs which have caused, are suspected to have caused, or may be expected to cause an increased incidence of human fetal malformations or irreversible damage. These drugs may also have adverse pharmacological effects.

CRAT (French Teratogenic Agents Reference Center) advices to not discontinue treatment if AZA is necessary for the mothers' health during the preconception period and pregnancy, as data with respect to potential malformations are reassuring.

According to CRAT, on few small-sized clinical series in which children exposed in utero to AZA were followed-up until 18th years old showed reassuring data; only one case of hepatoblastoma was reported. Most of the reports with respect to AZA come from the National Transplantation Pregnancy Registry (NTPR) in the United States related to immunosuppressive medication and pregnancy, although the authors estimate that all of the registry data combined only represents one-third of the available information (22 -24). Some authors analyzed the pregnancy outcomes in female renal transplant recipients with SLE versus those with other diagnoses [START_REF] Mcgrory | Pregnancy outcomes in female renal recipients: a comparison of systemic lupus erythematosus with other diagnoses[END_REF]. Overall, children's health was reported to be good, prematurity and low birthweight were found in both groups and there were no apparent malformations [START_REF] Mcgrory | Pregnancy outcomes in female renal recipients: a comparison of systemic lupus erythematosus with other diagnoses[END_REF]. They found that outcomes were comparable to renal recipients with other diagnoses.

There are also some reports in AI, but consistent data are mostly available in IBD. Anecdotal experience has associated prenatal exposure to AZA with different congenital anomalies, but none of them were clearly linked to the drug. Other reported events after antenatal exposure to AZA were transient chromosomal anomalies in clinically normal infants [START_REF] Price | Immunusuppressive drugs and the fetus[END_REF].

Rajapakse et al reported a higher incidence of spontaneous abortions and congenital malformations in children with fathers treated with 6-MP for IBD at conception or in the previous 3 months as compared with a control group [START_REF] Rajapakse | Outcome of pregnancies when fathers are treated with 6-mercaptopurine for inflammatory bowel disease[END_REF]. Nevertheless, the overall rate of congenital malformations was similar with the rate observed in the general populations of newborns.

Subsequently, these data were not confirmed by other groups [START_REF] Francella | The safety of 6mercaptopurine for childbearing patients with inflammatory bowel disease: a retrospective cohort study[END_REF].

All these data are summarized in table 1.

4.

In utero exposure to AZA: are there any consequences on birth weight and gestational age at delivery?

Consistent data with respect to birth weight and term birth originate mostly from registries of renal transplant patients [START_REF] Coscia | Immunosuppressive drugs and fetal outcome[END_REF][START_REF] Coscia | Report from the National Transplantation Pregnancy Registry (NTPR): outcomes of pregnancy after transplantation[END_REF][START_REF] Armenti | Pregnancy after transplantation: milestones and assessments of risk[END_REF][START_REF] Mcgrory | Pregnancy outcomes in female renal recipients: a comparison of systemic lupus erythematosus with other diagnoses[END_REF][START_REF] Armenti | National transplantation registry -outcomes of 154 preganncies in cyclosporine-treated female kidney transplant recipients[END_REF][START_REF] Armenti | Drug safety issues in pregnancy following transplantation and immunosuppression: effects and outcomes[END_REF][START_REF] Sgro | Pregnancy outcome post renal transplantation[END_REF][START_REF] Bar | Is immunosuppression therapy in renal allograft recipients theratogenic? A single-center experience[END_REF].

In most of the series of children from one of parents with renal transplants, which were prenatally exposed to AZA, premature birth and lower weight at birth were reported [START_REF] Coscia | Immunosuppressive drugs and fetal outcome[END_REF][START_REF] Coscia | Report from the National Transplantation Pregnancy Registry (NTPR): outcomes of pregnancy after transplantation[END_REF][START_REF] Armenti | Pregnancy after transplantation: milestones and assessments of risk[END_REF][START_REF] Mcgrory | Pregnancy outcomes in female renal recipients: a comparison of systemic lupus erythematosus with other diagnoses[END_REF][START_REF] Armenti | National transplantation registry -outcomes of 154 preganncies in cyclosporine-treated female kidney transplant recipients[END_REF][START_REF] Armenti | Drug safety issues in pregnancy following transplantation and immunosuppression: effects and outcomes[END_REF][START_REF] Sgro | Pregnancy outcome post renal transplantation[END_REF][START_REF] Bar | Is immunosuppression therapy in renal allograft recipients theratogenic? A single-center experience[END_REF].

There are further information available in AI, particularly in IBD and SLE.

The observations on offspring of parents with IBD are controversial, as some authors reported higher rates of prematurity and lower birth weight [START_REF] Akbari | Systematic review and metaanalysis on the effects of thiopurines on birth outcomes from female and male patients with inflammatory bowel disease[END_REF][START_REF] Langagergaard | Birth outcome in women treated with azathioprine or mercaptopurine during pregnancy: A Danish nationwide cohort study[END_REF][START_REF] Nørgård | Azathioprine, mercaptopurine and birth outcome: a population-based cohort study[END_REF][START_REF] Nørgård | Therapeutic drug use in women with Crohn's disease and birth outcomes: a Danish nationwide cohort study[END_REF], data not confirmed by others [START_REF] Francella | The safety of 6mercaptopurine for childbearing patients with inflammatory bowel disease: a retrospective cohort study[END_REF][START_REF] Shim | The effects of azathioprine on birth outcomes in women with inflammatory bowel disease (IBO)[END_REF][START_REF] Moskovitz | The effect on the fetus of medications used to treat pregnant inflammatory bowel-disease patients[END_REF][START_REF] Piccoli | Outcomes of Pregnancies After Kidney Transplantation: Lessons Learned from CKD. A Comparison of Transplanted, Nontransplanted Chronic Kidney Disease Patients and Low-Risk Pregnancies: A Multicenter Nationwide Analysis[END_REF][START_REF] Piccoli | Pregnancy outcomes after kidney graft in Italy: Are the changes over time the result of different therapies or of different policies? A nationwide survey (1978-2013[END_REF] (table 2).

Use of AZA during lactation

Azathioprine and its metabolites were found in breast milk, exposing the child to 0.1% of the maternal dose [START_REF] Bennett | Drugs and Human Lactation[END_REF].

World Health Organization Rating advices to avoid breastfeeding during the intake of AZA.

Breastfeeding while treated with AZA is not recommended by the manufacturer [START_REF]Product Information: Imuran(R), azathioprine tablets[END_REF]. Therefore, related to the tumorigenic potential of azathioprine, the manufacturer advice to discontinue nursing or discontinue the drug.

Low concentrations of AZA and its metabolites are found in breast milk [START_REF] Coulam | Breastfeeding after renal transplantation[END_REF]. In a prospective observational study low 6-mercaptopurine (MP-6 levels) were detected in 2 of 31 breast milk samples (n=10), and the absence of detectable infant serum MP-6 or 6 thioguanine nucleotide (6-TGN) levels leaded the authors to suggest that AZA-treated women with normal thiopurine methyltransferase activity may breastfeed [START_REF] Sau | Azathioprine and breastfeeding: is it safe?[END_REF]. Another prospective study in 8 children extrapolated a maximum infant exposure of less than 0.008 mg 6-MP/kg/body weight/day (Iess than 1% of the maternal dose) [START_REF] Christensen | Azathioprine treatment during lactation[END_REF].

Two other cases were reported by Moretti ME et al who suggested a negligible infant exposure, with no adverse events in infant's breastfed by mothers receiving AZA [START_REF] Moretti | Breast-feeding during maternai use of azathioprine[END_REF].

Recently, it has been reported that breastfeeding does not expose the newborn to an increased risk of infections [START_REF] Angelberger | Long-term follow-up of babies exposed to azathioprine in utero and via breastfeeding[END_REF]. Nevertheless, lack of evidence and/or expert consensus lead to the recommendation for determining infant risk when used during breastfeeding. A balance between potential benefits of drug treatment against potential risks should be addressed before prescribing this drug during breastfeeding.

Fertility

Overall reports converge to the conclusion that AZA does not influence the fertility of women.

In men treated with AZA, Dejaco et al reported normal semen quality and quantity despite long-term treatment exposure (54).

In utero exposure to AZA and fetal morbidity and mortality

IUGR has been reported in fetuses of renal graft mothers treated with corticosteroids and AZA) (52% vs. 17%, P = 0.001) [START_REF] Bar | Is immunosuppression therapy in renal allograft recipients theratogenic? A single-center experience[END_REF][START_REF] Pirson | Retardation of fetal growth in patients receiving immunosuppressive therapy[END_REF].

A higher rate of hospitalization in neonatal intensive care unit (35% vs. 6%, P = 0.01) [START_REF] Bar | Is immunosuppression therapy in renal allograft recipients theratogenic? A single-center experience[END_REF], perinatal mortality (OR 20, 95%CI 2.5-161.4) (32), and stillbirth (32) have been also observed in offspring of renal transplant patients exposed to AZA.

Cytomegalovirus infection [START_REF] Ebpg Expert | Group on Renal Transplantation: European best practice guidelines for renal transplantation Sec IV 10: pregnancy in renal transplant recipients[END_REF][START_REF] Armenti | National transplantation registry -outcomes of 154 preganncies in cyclosporine-treated female kidney transplant recipients[END_REF][START_REF] Armenti | Drug safety issues in pregnancy following transplantation and immunosuppression: effects and outcomes[END_REF][START_REF] Coté | Effects on the neonate of prednisone and azathioprine administered to the mother during pregnancy[END_REF], and observations of jaundice, respiratory distress syndrome (29), diabetes mellitus, asthma [START_REF] Sgro | Pregnancy outcome post renal transplantation[END_REF] were anecdotally reported.

These data are summarized in table 3.

8. Immunological impairment was also observed; in most of the cases such as transient lymphopenia and depressed haematopoiesis (10, 26, 29-31, 44, 56-58).

Two cases of severe immune deficiency [START_REF] Coté | Effects on the neonate of prednisone and azathioprine administered to the mother during pregnancy[END_REF][START_REF] Dewitte | Neonatal pancytopenia and severe combined immunodeficiency associated with antenatal administration of azathioprine and prednisone[END_REF] in children from renal transplant recipients and another case of autoimmunity in a child from SLE mother (59) were also reported.

Postnatal enhancement of T cell maturation, but otherwise normal immunological development was reported in one case [START_REF] Pilarski | Analysis of peripheral blood lymphocyte populations and immune function from children exposed to cyclosporine or to azathioprine in utero[END_REF].

In the offspring of parents with various AI the response to vaccination with C. Tetani toxoid was tested and 17% of the children did not achieve a protective titer of anti C. Tetani toxoid IgG [START_REF] Cimaz | Response to tetanus vaccination in infants exposed in utero to immunosuppressants for maternal autoimmune disorders[END_REF]. Nevertheless, no immunological impairment has been reported in this population [START_REF] Cimaz | Response to tetanus vaccination in infants exposed in utero to immunosuppressants for maternal autoimmune disorders[END_REF][START_REF] Motta | Immune system development in infants born to mothers with autoimmune disease, exposed in utero to immunosuppressive agents[END_REF][START_REF] Biggioggero | Immune function in children born to motherss with SLEs and exposed in utero to immunosuppressants[END_REF].

The findings on immunological impairment of children are summarized in Table 4.

9.

Outcome of children born to mothers with systemic lupus erythematosus. Is there any evidence of long-term effect of AZA exposure during intrauterine life?

There is consensus in international groups on the use of AZA during pregnancy. In 2007, the European League Against Rheumatism (EULAR) released recommendations for the treatment of SLE [START_REF] Bertsias | EULAR recommendations for the management of systemic lupus erythematosus. Report of a Task Force of the EULAR Standing Committee for International Clinical Studies Including Therapeutics[END_REF].

International groups have been working on the use of anti-rheumatic drugs during pregnancy [START_REF] Andreoli | EULAR recommendations for women's health and the management of family planning, assisted reproduction, pregnancy and menopause in patients with systemic lupus erythematosus and/or antiphospholipid syndrome[END_REF][START_REF] Skorpen | The EULAR points to consider for use of antirheumatic drugs before pregnancy, and during pregnancy and lactation[END_REF][START_REF] Ostensen | State of the art: Reproduction and pregnancy in rheumatic diseases[END_REF][START_REF] Flint | BSR and BHPR guideline on prescribing drugs in pregnancy and breastfeeding-Part I: standard and biologic disease modifying antirheumatic drugs and corticosteroids[END_REF][START_REF] Kavanaugh | Proceedings from the American College of Rheumatology Reproductive Health Summit: the management of fertility, pregnancy, and lactation in women with autoimmune and systemic inflammatory diseases[END_REF][START_REF] Ntali | Women's health and fertility, family planning and pregnancy in immunemediated rheumatic diseases: a report from a south-eastern European Expert Meeting[END_REF].

The 2017 EULAR actualized these recommendations on pregnancy, in which it is clearly stated that AZA is a drug to be considered for the maintenance of SLE remission during pregnancy [START_REF] Andreoli | EULAR recommendations for women's health and the management of family planning, assisted reproduction, pregnancy and menopause in patients with systemic lupus erythematosus and/or antiphospholipid syndrome[END_REF].

Several factors possibly interfering with the intrauterine life were suggested to posses a major role in the global development of the children:

1) Maternal disease activity (70-74).

2) SLE autoantibodies such as anti-Ro/SSA antibodies (70): antiphospholipid antibodies (aPL) [START_REF] Nacinovich | Neuropsychological development of children born to patients with antiphospholipid syndrome[END_REF][START_REF] Abisror | Autism spectrum disorders in babies born to motherss with antiphospholipid syndrome[END_REF][START_REF] Lageix | Association between the presence of antiphospholipid antibodies and the occurrence of autism spectrum disorder in childhood[END_REF][START_REF] Mekinian | European registry of babies born to motherss with antiphospholipid syndrome[END_REF].

3) Anti-rheumatic drugs [START_REF] Motta | Neonates born from motherss with autoimmune disorders[END_REF][START_REF] Tincani | Pregnancy Study Group of Italian Society of Rheumatology. Pregnancy and autoimmunity: maternal treatment and maternal disease influence on pregnancy outcome[END_REF][START_REF] Marder | Increased usage of special educational services by children born to motherss with systemic lupus erythematosus and antiphospholipid antibodies[END_REF][START_REF] Vinet | Increased Risk of Autism Spectrum Disorders in Children Born to Women With Systemic Lupus Erythematosus: Results From a Large Population-Based Cohort[END_REF].

These factors could have some potential consequences on children, such as intrauterine growth retardation (IUGR) and prematurity [START_REF] Ross | Effects of motherss' SLE during pregnancy on learning disabilities and hand preference in their children[END_REF][START_REF] Neri | Neuropsychological development of children born to patients with systemic lupus erythematosus[END_REF]. In the postnatal life, three patterns of outcomes have been particularly studied in children born to mothers with SLE:

a) Infectious diseases b) Neurocognitive impairement c) Immunological abnormalities
These different potential factors responsible for the occurrence of a developmental impairment, as well as the potential consequences of these factors are summarized in the figure 1.

Several studies highlighted gestational complications and impaired developmental outcome related to the activity of disease during pregnancy [START_REF] Ross | Effects of motherss' SLE during pregnancy on learning disabilities and hand preference in their children[END_REF][START_REF] Neri | Neuropsychological development of children born to patients with systemic lupus erythematosus[END_REF][START_REF] Nalli | Children born to SLE and APS motherss[END_REF][START_REF] Motta | Neonates born from motherss with autoimmune disorders[END_REF][START_REF] Tincani | Pregnancy Study Group of Italian Society of Rheumatology. Pregnancy and autoimmunity: maternal treatment and maternal disease influence on pregnancy outcome[END_REF]. The studies of Neri et al (71) and of Ross et al [START_REF] Ross | Effects of motherss' SLE during pregnancy on learning disabilities and hand preference in their children[END_REF] showed not only a risk of prematurity, a low weight at birth and the intrauterine delay of development, but also learning difficulties, to be directly correlated with disease activity of the pregnant women.

Neurocognitive impairment (NI) has been described in preschool-age children of SLE mothers and it has been suggested that it would be related to different factors. However, the pathogenic mechanisms are unknown. Ross et al reported that SLE in pregnant women is associated with an increased risk for learning impairment in children, particularly in male offspring, and suggested as being related to maternal antibodies (ab) anti-Ro [START_REF] Ross | Effects of motherss' SLE during pregnancy on learning disabilities and hand preference in their children[END_REF]. NI in children has been considered as potentially related to maternal disease or prematurity [START_REF] Nalli | Children born to SLE and APS motherss[END_REF][START_REF] Motta | Neonates born from motherss with autoimmune disorders[END_REF][START_REF] Tincani | Pregnancy Study Group of Italian Society of Rheumatology. Pregnancy and autoimmunity: maternal treatment and maternal disease influence on pregnancy outcome[END_REF], and/or aPL [START_REF] Nacinovich | Neuropsychological development of children born to patients with antiphospholipid syndrome[END_REF][START_REF] Abisror | Autism spectrum disorders in babies born to motherss with antiphospholipid syndrome[END_REF][START_REF] Lageix | Association between the presence of antiphospholipid antibodies and the occurrence of autism spectrum disorder in childhood[END_REF][START_REF] Mekinian | European registry of babies born to motherss with antiphospholipid syndrome[END_REF], and/or treatment of mothers [START_REF] Motta | Neonates born from motherss with autoimmune disorders[END_REF][START_REF] Tincani | Pregnancy Study Group of Italian Society of Rheumatology. Pregnancy and autoimmunity: maternal treatment and maternal disease influence on pregnancy outcome[END_REF].

Although immunosuppressants such as AZA are considered safe during pregnancy (6 -8), some data report immune anomalies and NI (autism, learning disabilities and special educational services) as related to AZA antenatal exposure [START_REF] Marder | Increased usage of special educational services by children born to motherss with systemic lupus erythematosus and antiphospholipid antibodies[END_REF][START_REF] Vinet | Increased Risk of Autism Spectrum Disorders in Children Born to Women With Systemic Lupus Erythematosus: Results From a Large Population-Based Cohort[END_REF] in SLE. Maternal SLE is significantly associated with attention disorders after multivariate analysis including treatment during pregnancy in some studies [START_REF] Skog | Neurodevelopment in children with and without congenital heart block born to anti-Ro/SSA-positive mothers[END_REF][START_REF] Mcallister | The influence of systemic lupus erythematosus on fetal development: cognitive, behavioral, and health trends[END_REF].

The consequences of AZA utilization in the respective fathers is also a matter a debate, but nowadays data are available only from non-SLE cohorts [START_REF] Rajapakse | Outcome of pregnancies when fathers are treated with 6-mercaptopurine for inflammatory bowel disease[END_REF][START_REF] Nørgård | Reassuring results on birth outcomes in children fathered by men treated with azathioprine/6-mercaptopurine within 3 months before conception: a nationwide cohort study[END_REF].

In utero AZA exposure was found to be associated with increased utilization of special educational services (14), but breast-feeding does not expose the newborn to infectious risks [START_REF] Angelberger | Long-term follow-up of babies exposed to azathioprine in utero and via breastfeeding[END_REF]. However, series are very small, retrospective, not homogenous and no formal conclusion could be drawn. The larger retrospective series [START_REF] Vinet | Increased Risk of Autism Spectrum Disorders in Children Born to Women With Systemic Lupus Erythematosus: Results From a Large Population-Based Cohort[END_REF] showed a risk of autism disorders in SLE offspring but missed to explore all the different items of the children outcome (neuro-cognitive development, height and weight development, immunity, infectious risk). Also, in this retrospective study only in 7 children AZA exposure could be identified.

These data are summarized in table 5.

However, these data remain controversial.

Discussion

Although Azathioprine is an "old" immunosuppressive therapy, recent data are available.

Therefore, new mechanisms and effects have been reported [START_REF] Hernández-Breijo | Antimalarial agents diminish while methotrexate, azathioprine and mycophenolic acid increase BAFF levels in systemic lupus erythematosus[END_REF][START_REF] García-Carrasco | Prevalence of cervical HPV infection in women with systemic lupus erythematosus: A systematic review and metaanalysis[END_REF]. Recently, it has been shown that azathioprine increases BAFF levels in systemic lupus erythematosus [START_REF] Hernández-Breijo | Antimalarial agents diminish while methotrexate, azathioprine and mycophenolic acid increase BAFF levels in systemic lupus erythematosus[END_REF]. Morover, although an increased risk of cervical HPV infection in women with SLE compared to healthy controls was found, AZA treatment is not associated with the risk of cervical infection in SLE women [START_REF] García-Carrasco | Prevalence of cervical HPV infection in women with systemic lupus erythematosus: A systematic review and metaanalysis[END_REF].

This drug still raises interrogations.

Nowadays, it is not known if the reported impairments described in offspring from parents treated with AZA are exclusively related to the exposure to AZA, or if several complementary factors act as confounding factors such as the contribution of the maternal/paternal disease, the immune anomalies, the socio-economic and environmental exposure; and also if a particular category of children are particularly predisposed to develop these disabilities.

Therefore, a recent meta-analysis of 24 cohort and 4 case-control studies identified learning disorders (LD) in 21.4-26% of SLE offspring, exceeding the prevalence in the general population [START_REF] Yengej | The development of offspring from mothers with systemic lupus erythematosus. A systematic review[END_REF]. In lupus offspring compared to controls a twofold increased rate of autism spectrum disorders (ASD) in one study and a two-to threefold increased risk for speech disorders in 3 studies were reported [START_REF] Yengej | The development of offspring from mothers with systemic lupus erythematosus. A systematic review[END_REF]. In four studies of this meta-analysis dyslexia and reading problems have been reported in 14.3-21.6% of lupus offspring with a clear male predominance [START_REF] Nørgård | Reassuring results on birth outcomes in children fathered by men treated with azathioprine/6-mercaptopurine within 3 months before conception: a nationwide cohort study[END_REF]. Some divergent results were found for attention deficit and behavior disorders; and notably IQ and motor skills were not affected in respectively 7 and 5 studies [START_REF] Yengej | The development of offspring from mothers with systemic lupus erythematosus. A systematic review[END_REF].

Data with respect to the occurrence of immune abnormalities in SLE offspring are controversial [START_REF] Cimaz | Response to tetanus vaccination in infants exposed in utero to immunosuppressants for maternal autoimmune disorders[END_REF][START_REF] Motta | Immune system development in infants born to mothers with autoimmune disease, exposed in utero to immunosuppressive agents[END_REF][START_REF] Biggioggero | Immune function in children born to motherss with SLEs and exposed in utero to immunosuppressants[END_REF]. Temporary immunological and NI in children from SLE mothers were reported at birth [START_REF] Nørgård | Therapeutic drug use in women with Crohn's disease and birth outcomes: a Danish nationwide cohort study[END_REF][START_REF] Viktil | Outcomes after anti-rheumatic drug use before and during pregnancy: a cohort study among 150,000 pregnant women and expectant fathers[END_REF]. Therefore, it is important to search for a potential impairment of the immune system in children from SLE parents with or without AZA treatment after the age of 24 months; age when their immune system is developed. The role of immune abnormalities related to parental immune background with further consequences of the NI of the child could be also suggested.

In the recent meta-analysis of 28 studies by Yousef Yengej et al. the positivity of maternal anti-Ro/SSA antibodies was associated with learning disorders in the offspring in one study [START_REF] Yengej | The development of offspring from mothers with systemic lupus erythematosus. A systematic review[END_REF]. No formal conclusions could be drawn with respect to the other SLE-related antibodies and neurocognitive outcome of children as they were only very rarely studied [START_REF] Yengej | The development of offspring from mothers with systemic lupus erythematosus. A systematic review[END_REF].

As literature objectified correlations between the nervous and immune systems development, and as immune anomalies were described in neurocognitive disease [START_REF] Kapadia | Autoimmune and inflammatory mechanisms of CNS damage[END_REF][START_REF] Ben-Hur | Effects of proinflammatory cytokines on the growth, fate, and motility of multipotential neural precursor cells[END_REF], it is essential to identify the potential impairment of the immune system in children from SLE mothers in whom mental health impairment will be detected.

Nowadays, all these data are controversial, as well as the responsibility of the SLE activity itself, the concomitant presence of different antibodies such as aPL, other antibodies in mothers (anti-Ro/SSA, anti-La/SSB), and/or the direct deleterious effects of drugs.

Besides these risk factors, prematurity, genetics, environmental and socioeconomic factors, as well as sex determinants (70); societal, cultural, lifestyle, epidemiological, economic and environmental factors could be responsible for the global developmental outcome and particularly neurocognitive and immunological outcome of these children.

Moreover, children are a part of families, of the society, so there is a need to assure their wellbeing and to be understood holistically. The interferences between the external agent (in utero exposure to AZA), with the host (child genetic susceptibility, immune system anomalies, emotional status), environment (public health, social context, availability of health care), economic, social, and behavioral conditions, cultural patterns, are complex and the need to conclude on their potential participation to the well-being of this population is mandatory. As related to maternal background, several genetic, geoepidemiologic, but also socio-economic and cultural factors, could display an impact on the results of such studies, we consider that it is essential to state on the safety of AZA in offspring from AID mothers, both at birth, but also at medium term, i.e. at least three years of age, representing the minimal period required to evaluate the neurocognitive potential and the social integration in the preschool life.

Conclusion

AZA, an immunospressive used in patients with a large diversity of autoimmune disease and transplantation (3, 4, 25, 26, 28, 31, 34-36, 38, 39, 45, 88-93), is generally the immunosuppressive of choice in high-risk pregnancy because of the safety profile and its steroid-sparing property [START_REF] Andreoli | EULAR recommendations for women's health and the management of family planning, assisted reproduction, pregnancy and menopause in patients with systemic lupus erythematosus and/or antiphospholipid syndrome[END_REF][START_REF] Levy | Critical review of the current recommendations for the treatment of systemic inflammatory rheumatic diseases during pregnancy and lactation[END_REF][START_REF] Skorpen | The EULAR points to consider for use of antirheumatic drugs before pregnancy, and during pregnancy and lactation[END_REF].

As AZA use is related to underlying disease and disease activity, there is a major difficulty to distinguish between the influence of the disease itself on the risk of adverse birth outcome and potential AZA effects. Another major problem complicating the interpretation of data is the confusion by different indications.

Many confounders interfere with AZA treatment like indication for treatment and concomitant medication. Patients with autoimmune disease and especially transplant recipients usually do not receive monotherapy, and therefore adverse outcomes in this group could relate to the underlying disease as well as concomitant medications, several of them powerful immunomodulators. The adverse pregnancy outcomes described in older studies were an increased rate of spontaneous miscarriage, preterm delivery and low birthweight, which could have been caused by the underlying disease rather than by the use of thiopurines. More recent controlled studies, such as for instance, in IBD, reported no increased risk for adverse pregnancy outcome in IBD patients treated during pregnancy with thiopurines, compared with pregnancy outcomes of IBD patients without this treatment [START_REF] Kanis | Use of Thiopurines During Conception and Pregnancy Is Not Associated With Adverse Pregnancy Outcomes or Health of Infants at One Year in a Prospective Study[END_REF][START_REF] De Meij | Long-term follow-up of children exposed intrauterine to maternal thiopurine therapy during pregnancy in females with inflammatory bowel disease[END_REF].

Nevertheless, nowadays, there is no study on a significant number of subjects concerning the medium and long-term outcome of children born by autoimmune disease mothers, and particularly SLE mothers, treated with AZA and, consecutively, the necessity of such a study to show the safety of AZA exposure is mandatory. Even though the adverse outcomes might well be a consequence of maternal illness and disease activity, interest has been raised about this drug and data need to be implemented with large, multicenter studies.

Only large-scale population with long-term follow-up, and taking into account several variables such as maternal background, immune system anomalies, genetic, geoepidemiologic, socio-economic and cultural factors would allow formal conclusions in this field. 

  Abbreviations:AZA AzathioprineAIAutoimmune Disease IUGR intrauterine growth restriction SLE Systemic lupus erythematodes 6 MP 6-mercaptopurine 6 TGN 6-thioguaninenucleotide IBD Inflammatory Bowel Disease NI Neurocognitive impairment aPL anti phospholipid antibody
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 1 Figure 1: Potential impairing factors and their potential consequences in child development.

Table 1 : Data on potential teratogenicity impact of AZA.
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	Number	References	Study design	Sample size		Maternal/pat	Main findings of
								ernal	the study
								disease
								requiring
								AZA intake
								during
								pregnancy/p
								rior	to
								conception
		Data on teratogenicity						
	1.	22 -24, 29-31	Register		135	post-kidney	Renal	1/135 polydactyly
			National Transplantation	transplant AZA	received	transplant mother
			Pregnancy				
			Registry (NTPR) in the United States related to immunosuppres sive medication and pregnancy				Renal transplant father (received long-term azathioprine)	1/135 lumbar-area myelomeningocele bilateral dislocated hips, and bilateral equinovarus
	2.	32	Retrospective	32 live-born children	Renal	1/32	multiple
			case-control	delivered	by	26	transplant	congenital
			studies Toronto	mothers				anomalies
			Renal Transplant Program	44 pregnancies (39 received AZA)	
	3.	33	Case-	control	48 live offspring of 73	Renal	2/48	major
			studies		pregnancies		transplant	anomalies (4.2%),
					38 women			subcoronal hypospadias and
									rudimentary
									thumb,
									10/48 mild errors
									of morphogenesis
									(20.8%)
									BUT not differ
									significantly from
									those	in	the
									control	group
									(4.2% and 16.6%,
									respectively).
	4.	26	Case report	2			Renal	Chromosomal
								transplant	aberrations which
									disappeared by 32
									and 20 months,
									respectively.

Table 2 : Data on birthweight and birth term impact of the in utero AZA exposure.

 2 

	used for the
	same
	indication.

Table 3 Data on infection, other disease and/or developmental impact related to AZA in utero exposure.
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	4	36	Danish Medical	10 mother	55% IBD	Increased
			birth and National Hospital Discharge registry Danish	versus 19418		45% other disease	Risk of Perinatal mortality OR 20 (95%CI 2.5-161.4),
			Registry				
	5	22 -24, 29-31	Register		103	in	Renal transplant	7/103 in utero
			National Transplantation	utero exposure		exposure (7%) jaundice,
			Pregnancy					respiratory
			Registry					distress
			(NTPR) in the				syndrome
			United States			
			related	to			
			immunosuppres			
			sive medication			
			and pregnancy			

Table 4 : Data on immunological impact of AZA exposure
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	13	62	Case control	19 exposed utero glucocorticoid infants in to alone or in combination with azathioprine, cyclosporine A, or hydroxychloroq uine	Mothers autoimmune diseases	with	• • • dysfunction No differences in terms of absolute lymphocyte count, percentage of B and T lymphocytes, and immunoglobulin production No immune system
				15	age-		
				matched infants		

Table 5 : Data on AZA in utero exposure and neurocognitive impact

 5 

	6	14	Prospective	60	eligible	SLE patients	25% of children were
			cohort	offspring from		affected	in	global
				38 mothers		neurocognitive
							development
				13 with in utero children		Speech disorders in 20% of children
				AZA exposure		These	data	were
				median follow-up of 5.7 years (OR		confounded by AZA exposure (p<0.05) and APS presence (p<0.05)
				3.4-9.2).		
	7	79	Primary healthcare centres and school health services database			Mothers with Ro SSA antibodies	Maternal significantly associated SLE is with attention disorders after multivariate analysis including treatment during pregnancy
	8	80	Case control 154 individuals ages 8-20 years	women with SLE	more developmental evidence difficulties, immune of related disorders, and nonrighthandedness
							after	multivariate
				154 controls		analysis treatment	including during
							pregnancy.

Financial Disclosure:

The authors have no financial relationships relevant to this article to disclose.

Potential Conflicts of Interest:

The authors have no conflicts of interest relevant to this article to disclose.