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Abstract

Background: The indisputable benefits of antingtia therapy (ART) in the reduction of
mother-to-child-transmission of HIV (MTCT) have lve carefully balanced with the risks of
embryo-foetal toxicities due to foetal exposuren@aternal ART.

The recent report of a potential safety signal \iitutegravir use in pregnancy and potential
increased rate of neural tube defects (NTDs), aiaed the question of a potential class effect
for Integrase Strand Inhibitors. To contribute +@akld evidence we evaluated data on
pregnant women receiving Raltegravir (RAL) or Egtavir (EVG) in the UK and Ireland.

Methods: The National Study of HIV. in Pregnancy a@ithildhood (NSHPC) is a
comprehensive population-based surveillance studlleating data on all HIV-positive
pregnant women and their children. We collecte@ dat all pregnancies exposed to an ART
regimen containing RAL or EVG resulting in livelbirtstillbirth and induced abortion with an
expected date of delivery between September 20@B Agpril 2018. Pregnancies were
stratified into three groups of earliest exposure.

Results: A total of 908 pregnancies were exposea RAL or EVG-based regimen (875 to
RAL and 33 to EVG). There were 886 live-born infaekposed to RAL, eight pregnancies
ended in stillbirth and nine in induced abortioAmong the 886 live-born infants there were
23 (2.59% 95% CI 1.65, 3.86) reported congenitahaalies, two nervous system defects but
no reported NTDs. Of the 33 pregnancies exposdeM@, 31 resulted in live-born infants
with no congenital anomaly and the remaining twegpiancies ended in induced abortion.

Conclusions: The prevalence of congenital anomadieonsistent with national population
estimates for 2008-2016 in the UK. More data areded on safety of RAL and EVG in
pregnancy.

Key words: HIV, pregnancy, birth defects, Raltegraklvitegravir, Integrase Strand
Transfer Inhibitors
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I ntroduction

Antiretroviral therapy (ART) is the most effectit@ol to reduce vertical transmission of HIV
(VT), but pregnant women are a special and chalgngopulation from a treatment-
management perspective: the undeniable benefitdRT for maternal health and the
prevention of VT have to be carefully balanced withfety concerds The increasing

proportion of pregnant women living with HIV on AREgimens from conception and the
growing proportion with suppressed HIV RNA viralalis (VL) throughout pregnancy are
other factors to be considered in the risk-berefaluation. In the UK and Ireland in 2013-
2015, around 90% of pregnancies were in women withundetectable VL below 50
copies/mL within 30 days of delivery and around 66%qregnancies were conceived on

ART?.

The recent report of a potential safety issue foluegravir (DTGJ*use in pregnant women
living with HIV, specifically periconception useas resulted in additional scrutiny of the
entire Integrase Strand Transfer Inhibitors (INSTdlass regarding pregnancy use.
Preliminary results from the ongoing Tsepamo sllarge study in Botswana indicated four
neural tube defects (NTDs) among 426 women conogion DTG, a rate of 0.94% (95%
confidence interval [Cl] 0.37%, 2.4%) compared wvihiht of 0.12% (95% CI 0.07%, 0.21%)
in infants exposed to other antiretrovirals fronmoeptioni. Earlier results from this and other
studies, based on smaller numbers and fewer DTCceptions, showed no initial
teratogenicity concerfisGlobal efforts to gather additional, robust, pextive data on birth
outcomes in women conceiving on DTG have ensuedrdamated by the World Health
Organization (WHO). This had particular urgencyegivthat WHO guidelines were being
updated, recommending DTG-based regimens as ifisttherapy, a policy that has been

implemented in Botswana since mid-2016 and a nurobarther countries subsequeritly
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Following the DTG-safety signal, WHO's interim gaitce on HIV treatment was released in
July 2018, recommending first- and second-line ARdluding DTG to everyone aged six
years and above; these contained a note of caatiarsing DTG around conception and for

adolescent girls and women of childbearing potédtie to the safety sigrfal

The potential safety signal with DTG has raisedstjoas around whether there might be a
class effect for INSTIs. Raltegravir (RAL) and Ebgravir (EVG), like DTG, have a strong
trans-placental transfer and a consequent rapicHactive capacity to reduce maternal*/L
1 RAL, in particular, is highly effective in redungj VT risk for women presenting late to
antenatal care and/or with high VL in late pregndnt™ RAL is recommended by the
British HIV Association guidelines for pregnant wemin various scenarios, including for
late-presenters when VL is unknown or known to b80;000 copies/mL, in a three- or four-
drug regimen'®, EVG is a second generation INSTI, co-formulateifhvthe booster
Cobicistat (EVG/c), with very limited data from ham studies in pregnancy. A recent
systematic revieW suggests that EVG/c/Emtricitabine/Tenofovir Alafenide is a more

effective option than NRTI-sparing regimens foatraent-naive non-pregnant patients.

In order to contribute real world evidence regagdine safety of INSTIs other than DTG in
pregnancy, we evaluated data on pregnant wometviegdRAL and EVG in the UK and

Ireland to assess potential risk of NTDs and otlemgenital anomalies.

Methods

The National Study of HIV in Pregnancy and ChilddogNSHPC) is a comprehensive
ongoing surveillance study that collects data drdi@gnosed pregnant women living with

HIV, their infants, and children diagnosed with H#éen for care in the UK and Ireldhd
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All pregnancies are notified by a named respondeatich maternity unit through an active,
quarterly surveillance scheme. Information on nretedemographics, pregnancy outcome,
delivery, perinatal details and ART are collectszhf these maternity respondents and HIV-
exposed infants are followed up through their patedian who provides information to
confirm infection status, as well as infant feedargl any health concerns. The presence of
birth defects is reported by both maternity anddsteic respondents.

For this analysis we included all pregnancies inmen diagnosed with HIV before delivery
meeting the following criteria: any exposure to ART regimen containing RAL or EVG
resulting in livebirth, stillbirth and induced alion; expected date of delivery (EDD)
between September 2008 and April 2018; and repddeitie NSHPC by May 2018. We
stratified pregnancies into three groups by edrkeposure to RAL or EVG: at conception,

started in T trimester (T1), or #/3™ trimester (T2/T3).

We analysed pregnancies (singleton and multipl&erahan women and a small number of

sequential pregnancies in the same woman weredediu

Definitions

T1 was considered to end at 12 completed gesthtiweeks. Maternal HIV diagnosis at
delivery was defined as diagnosis made within tveeks before EDD. Baseline CD4 count
was defined as the earliest reported measurememegnancy (classified a350cell/mni
and >350cell/mrf). Maternal VL at delivery was defined as a VL meas within 30 days
before or 7 days after delivery. We classified @mtal anomalies according to European

Surveillance of Congenital Anomalies (EUROCAT) nethdefinitions”.
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Statistical analyses were conducted in R versidhO3(R: Foundation for Statistical

Computing). Binomial Cl were calculated with theaet method.

Results

Overall, 908 pregnancies were exposed to RAL- oGEdased ART regimens, of which 875
were RAL-exposed and 33 EVG-exposed. Maternal cherniatics are presented in Table 1.
Three-quarters of pregnancies were in women whoBédignosis was made before
conception and 27% were on an INSTI-based regimheareception (Table 1).

Raltegravir-exposed pregnancies

Of the 875 RAL-exposed pregnancies, 222 (25.4%kvexiposed at conception, 34 (3.9%)
started RAL during T1 and 600 (68.6%) during T2/Waile for 19 (2.2%) exposure took
place sometime during pregnancy. There were 8&8Horn infants from 858 pregnancies,
with 27 pregnancies resulting in multiple birthsiéoset of triplets). Eight pregnancies (no
multiple pregnancies) ended in stillbirth and therere nine induced abortions (Table 2).
Among the live-born infants, 222 (25.0%) were RAtpesed from conception, 40 (4.5%)
from later in T1 and 602 (67.9%) from T2/T3. Of $8e886 infants, 23 had a congenital
anomaly (2.59% 95% CI 1.65, 3:86). Among the 2Zants exposed from conception, five
(2.25% 95% CI1 0.73, 5.17) had an anomaly, as didf 602 exposed from T2/3 (2.82% 95%
Cl 1.65, 4.48) (Table 2). The relative risk of angenital anomaly for RAL-exposure at

conception relative to T2/T3 was 0.80 (95% confmeimterval 0.30, 2.14).

Nearly half of the live-born infants with defectacheither congenital heart defects or limb
anomalies. There were two nervous system defedt€ants exposed from T2/3 (one major
brain malformation ending in neonatal death) but reported NTDs. One of the nine
pregnancies ending in induced abortion had a cotajeanomaly reported (Down's
syndrome). No congenital anomalies were reportedngrthe eight stillbirths with RAL-
exposure.
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Elvitegravir-exposed pregnancies

Of the 33 pregnancies exposed to EVG-based ARTh&ws, most (26, 78.8%) were exposed
from conception with the remaining seven exposethfif2/3. Of the 31 live-born infants,
none had a congenital anomaly. The remaining tvegmancies ended in induced abortion;
both had EVG exposure from conception and had cotajeanomalies (both genetic

syndromes) reported as the reason for the terromati

Discussion

Using data from this comprehensive, population-8agady of pregnant women living with
HIV and their infants, we have provided “real-wdrliata on congenital anomalies in just
over 900 pregnancies with RAL or EVG use, of whechuarter were conceived on either of
these INSTIs. Our finding of an overall prevalenoé anomalies in RAL-exposed
pregnancies of 2.59% (95%CI 1.65, 3.86) is consistgth national population estimates for
2008-2016 in the UK (e.g. 2.0% among livebirths 2810}’, and also with historic
prevalence in the NSHPC, with prevalence of 2.8%948I 2.5%, 3.2%) in 1990-2087 A
recent pooled analysis from the European Pregnaacg Paediatric HIV Cohort
Collaboration (EPPICC) that included NSHPC dateortgal a birth defect prevalence of
2.3% (95%CI 2.0,2.7) in 8737 pregnancies exposellR® at conception/T1 based on the
EuroCAT definition (Begona Martinez de Tejada, peed communication). We observed no
apparent clustering of specific anomalies, and mO$

Although RAL is the INSTI with the most clinical @aavailable in human pregnancy, this
tends to be dominated by women initiating RAL latepregnancy, consistent with clinical
guidelined®. The Antiretroviral Pregnancy Registry (APR), aternational voluntary-based,
prospective registry monitoring rates of congenitatth defects associated with foetal
exposure to ART, included data on 291 pregnancigs TlL RAL-exposure by January 2018

(prospective data), with a birth defect rate 0f28.095%Cl 1.4,5.8f. The French Perinatal
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Cohort reported a congenital abnormality rate @##(95%CI 2.4, 6.0) in all births and a T1

rate of 5.7% among 479 RAL-exposed pregnancie$ (i0 T1 exposure?)

For EVGIc, there is very limited clinical experienm pregnancy; although embryo-foetal
toxicity was not shown in preclinical animal modetaution is needed in extrapolating to
humans. However, there are concerns regardinghigsnpacokinetic profile of increased

clearance and subsequent risk for virological redouarticularly regarding pregnancy

uSé.2,21,22

The current analysis is restricted to RAL and E\D@ta from the NSHPC were included in
an individual patient data meta-analysis from ERPHE 101 pregnancies; this reported four
congenital anomalies in 81/84 livebirths, with avalence of 4.9% (95%CI 1.4-12.2),
heterogeneous anomalies and no NTD reporfgditionally, in an NSHPC analysis
evaluating DTG, Rilpivirine and Cobicistat use be&n 2013-2017, there were 112 (2%)
pregnancies exposed to DTG-containing regimensh w2 (46.4%) having DTG from
conception and one birth defect (extra digits) agntire 33 live births by time of analysis
Data collection on outcomes following peri-conceptiDTG use is ongoing in Botswana,

Kenya, Brazil and other countries to understandenatwout potential risk of NTD%

The DTG and NTD safety signal has raised awareoifetbe large number of peri-conception
exposures (at least 2000) needed to rule out asased risk of NTD, due to it being a rare
outcomé®>. Although NTDs occur in around 0.1% of pregnascia the UK® the
background rate may be considerably higher in nesslimited countries, particularly those
without food folate supplementation. Despite RALingeused since 2008, prospective data
on risk of congenital anomalies with peri-conceptid exposures remains limited, with only
around 690 such pregnancies reported to date fnenNSHPC, the French Perinatal Study

and the APR combined (with potential for duplicatedes).
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The continued reduction in VT rates (currently €6.81 the UK and Ireland)is associated
with growing proportions of women on suppressive TARRgimens at conception (on
increasingly diverse regimens) and earlier ARTiatibn in those starting antenatally. These
trends have raised concerns regarding potentlabfiseratogenic and embryo-foetal toxicity
due to extensive foetal ART exposure. The needpi@gnancy safety data on newer
antiretroviral drugs is a key topic of discussiomamg stakeholders (e.g. policy-makers,
researchers, the HIV community and regulators)uchiclg how to address the reasons behind
this gap, such as the exclusion of pregnant woman fegistrational trials and the lack of

post-marketing surveillanée2°

The strengths of our study include our comprehengiopulation-based methodology, with
good ascertainment of congenital anomalies by lodtstetric and paediatric respondents
within routine clinical care. We were also ableinalude pregnancies ending in induced
abortion and stillbirth, resulting in less biasedireates. The use of EUROCAT definitions

allows comparison with other studies.

However, this observational study has several éitiwhs. The congenital anomalies were not
assessed by a dysmorphologist and assessment gérétah anomalies may not have been
blinded to maternal ART use. A major limitationterms of interpretation of these findings

in RAL-exposed pregnancies is the small numberate,dparticularly with peri-conception

exposure, whilst the very few EVG-exposed pregrempreclude any conclusions. A further
limitation is the lack of a direct comparison betweRAL-exposed pregnancies and those
receiving other antiretrovirals; however, we hawenpared the overall rate of congenital

anomalies in these pregnancies with national, NSHInG EPPICC-specific rates.

Administration of medicines in pregnancy in genesdrequently complicated by the lack of

sufficient data on which to inform risk-benefit d&@ons. In the case of antenatal ART, the
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individual and public health benefits are huge hvilie exposed baby standing to benefit as
well as the mother. The recent DTG signal detectiaa focussed global attention on the
need for further pregnancy safety monitoring notydor INSTIs but for all antiretroviral

drugs lacking safety data, and our results frongh-income setting on congenital anomalies

in RAL- and EVG-exposed pregnancies add to theesad base.
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APR Advisory Committee Consensus statement: Inemevig all reported defects from the
prospective registry, informed by clinical studesd retrospective reports of antiretroviral
exposure, the Registry finds no apparent increasdequency of birth defects with first
trimester exposures compared to exposures stadieg in pregnancy and no pattern to
suggest a common cause. While the Registry populaxposed and monitored to date is not
sufficient to detect an increase in the risk obtigkly rare defects, these findings should
provide some assurance when counselling patientsveler, potential limitations of

registries such as this should be recognized. TégsRy is ongoing. Given the use of new
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therapies about which data are still insufficidrgalth care providers are strongly encouraged
to report eligible patients to the Registry at SNPRX@INCResearch.com via the data forms

available at www.APReqistry.com.

References

1. Zash R, Williams PL, Sibiude J, et al. Surveillaneenitoring for safety of in utero
antiretroviral therapy exposures: current strategied challenge&xpert Opin Drug Saf
2016;15:1501-1513.

2. Peters H, Francis K, Sconza R, et al. UK MotheGtold HIV Transmission Rates
Continue to Decline: 2012-2014. Clin Infect Dis Z(84:527-528.

3. WHO. Potential safety issue affecting women livimigh HIV using dolutegravir at the
time of conception. In. Edited by World Health Ongaation. Geneva; 2018. Available

from:http://www.who.int/medicines/publications/dalgrts/Statement_ on_DTG_18May

2018final.pdf. [Accessed 4 July 2018]
4. ViiV. ViV Dear Health Care Provider Letter. In. M Healthcare Uk Ltd; 23 May 2018.

Available from:_http://i-base.info/htb/34302. [Aased 4 July 2018]

5. Zash R, Makhema J, Shapiro RL. Neural-Tube Defaitts Dolutegravir Treatment from
the Time of ConceptioN Engl J Med 2018;379:979-981.

6. Hill A, Clayden P, Thorne C, et al. Safety and phacokinetics of dolutegravir in HIV-
positive pregnant women: a systematic revigWwirus Erad 2018;4:66-71.

7. Bailey H, Zash R, Rasi V, et al. HIV treatment negnancy. Lancet HIV 2018;5:e457-
e467.

8. WHO. WHO policy brief. Antiretroviral regimens foreating and preventing HIV
infection and update on early infant diagnosis Bf WWorld Health Organization,

11| Page



10.

11.

12.

13.

14.

15.

Geneva; July 2018. Available from:

http://www.who.int/hiv/pub/guidelines/ARV2018updadr/. [Accessed 01 August 2018]

. Cecchini DM, Martinez MG, Morganti LM, et al. Angitroviral Therapy Containing

Raltegravir to Prevent Mother-to-Child TransmissadHIV in Infected Pregnant
Women.Infect DisRep 2017,9:7017.

Elliot E, Chirwa M, Boffito M. How recent findingsn the pharmacokinetics and
pharmacodynamics of integrase inhibitors can infolimcal use Curr Opin Infect Dis
2017,30:58-73.

Rimawi BH, Johnson E, Rajakumar A, et al. Pharmaaics and Placental Transfer of
Elvitegravir, Dolutegravir, and Other Antiretrovisaduring PregnancyAntimicrob
Agents Chemother 2017,61.

Panel on Treatment of Pregnant Women with HIV Ihéecand Prevention of Perinatal
Transmission. Recommendations for Use of Antireted\Drugs in Transmission in the
United States. Available from:

http://aidsinfo.nih.gov/contentfiles/IvquidelinestihatalGL.pdf. [Accessed 17/09/2018]

Chappell CA, Cohn SE. Prevention of perinatal tnaission of human immunodeficiency
virus. Infect Dis Clin North Am 2014,28:529-547.

Gilleece Y TS, Bamford A, et al. British HIV Assation guidelines for the management
of HIV infection in pregnant women. 2018. Availalitem:

https://www.bhiva.org/file/WrhwAPoKvRmeV/BHIVA-Premncy-quidelines-

consultation-draft-final.pdf. [Accessed 21 June&01

Gallien S, Massetti M, Flandre P, et al. Comparisb#8-week efficacies of
elvitegravir/cobicistat/ emtricitabine/tenofovié&namide and nucleoside/nucleotide
reverse transcriptase inhibitor-sparing regimersy/stéematic review and network meta-

analysisHIV Med 2018.

12| Page



16.

17.

18.

19.

20.

21.

22.

23.

Townsend CL, Byrne L, Cortina-Borja M, et al. Earlinitiation of ART and further
decline in mother-to-child HIV transmission rat2800-2011AIDS 2014;28:1049-57.
EUROCAT. European surveillance of congenital ancesaEUROCAT Guide 1.4,

sections 3.2, 3.3, 3.5, 3.6; Version 2014. Avagdbbm: http://www.eurocat-

network.eu/aboutus/datacollection/guidelinesfostation/malformationcodingquides.

[Accessed 25 May 2018]

Townsend CL, Willey BA, Cortina-Borja M, et al. Ardtroviral therapy and congenital
abnormalities in infants born to HIV-infected womerthe UK and Ireland, 1990-2007.
AIDS 2009;23:519-524.

Antiretroviral Pregnancy Registry Steering ComnattAntiretroviral Pregnancy Registry
Interim Report for 1 January 1989 through 31 Jan@ad 8. In. Wilmington, NC:
Registry Coordinating Center 2017; 2018. Availdiben:

http://www.apregistry.com/HCP.aspx. [Accessed 23/ 12@18].

Sibiude J, Warszawski J, Blanche S. Evaluatiomefrisk of birth defects among
children exposed to raltegravir in utero in the AB¢Rrench Perinatal Cohort EPF. 9th
IAS Conference on HIV Science (IAS 2017), July B3-2017. Paris; 2017.

van der Galien R, Ter Heine R, Greupink R, et Barfacokinetics of HIV-Integrase
Inhibitors During Pregnancy: Mechanisms, Clinicaplications and Knowledge Gaps.
Clin Pharmacokinet 2018.

Best B CE, Stek A, et al. Elvitegravir/cobicistaigpmacokinetics in pregnancy and
postpartum. Presented at: Conference on Retrogirarseg Opportunistic Infections.
Seattle, WA; 2017.

Rasi V, Peters H, Sconza R et al. Real world useeodly authorised antiretrovirals in
pregnancy in the UK/Ireland and available safemdd‘ International Workshop on HIV

Pediatrics; Paris: July 21-22,2017.78

13| Page



24.

25.

26.

27.

28.

29.

Forum on the risks of preconception Dolutegravpasure. Frequently asked question for
Dolutegravir & Women of Childbearing Potential:antn considerations. 2018 available

from: http://www.iasociety.org/Portals/O/Files/DTEAQ.pdf. [Accessed 08 November

2018].

Watts DH. Teratogenicity risk of antiretroviral tapy in pregnancy. Curr HIV/AIDS
Rep. 2007;4:135-40.

Morris JK, Rankin J, Draper ES, et al. Preventibneural tube defects in the UK: a
missed opportunityArch Dis Child 2016;101:604-607.

Fowler MG, Qin M, Fiscus SA, et al. Benefits angl&i of Antiretroviral Therapy for
Perinatal HIV PreventioN Engl J Med 2016,375:1726-1737.

Uthman OA, Nachega JB, Anderson J, et al. Timingpibition of antiretroviral therapy
and adverse pregnancy outcomes: a systematic rewiduwneta-analysitancet HIV
2017,4:e21-e30.

Rasmussen SA, Barfield W, Honein MA, et al. ProtecMothers and Babies - A

Delicate Balancing ActN Engl J Med 2018,379:907-909.

l4|Page



Table 1. Maternal characteristics, by antiretroviral exposure

Raltegravir Elvitegravir

n=875 n=33
Ethnicity n % n %
White 216 24.7 8 24.2
Black African 592 67.6 23 69.6
Other 67 7.6 2 6.1
Region of birth n=873 n=33
UK/ Ireland 165 18.9 5 15:1
Africa 566 64.8 23 69.7
Elsewhere/Not Known 142 16.3 5 15.1
Age at delivery, median (IQR) n=875 n=33

33.2 years 35.1 years

(Q1=28.7 Q3=37.1) | (@1=31.8 Q5=37.2)
HIV acquisition route n=873 n=33
Heterosexual 755 86.5 28 84.8
Injecting drug use 16 1.8 0 0
Vertical 33 3.8 0 0
Other/Not Known 69 7.9 5 15.1
Timing of HIV diagnosis n=875 n=33
Before pregnancy 641 73.2 32 96.9
During pregnancy 225 25.7 1 3
At delivery 9 1 0 0
INSTI at conception n= 875 n=33
Yes 222 25.4 26 78.8
No 53 76.6 7 21.2
VL at delivery n=313 n=6
Detectable (= 50 copies/ml) 108 34.5 1 16.6
Undetectable (< 50 copies/ml) 205 65.5 5 83.3
Baseline CD4 count, n=843 n=33

median cells/mm? (IQR)

403 (Q;=250, Q;=588)

442 (Q;=3111 Q5=593)
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Table 2. Birth outcomes and congenital anomalies by organ/system® in pregnancies with Raltegravir use, by timing of exposure (875

pregnancies)

Timing of exposure Total
At conception Started in first Started in second/ | Timing
trimester third trimester unknown
Pregnancies 222 34 600 19 875
Ending in stillbirth 3 0 5 8
Ending in induced abortion 5° 1 3 9
Live-born infants 222 40 602 22° 886"
Livebirths with a congenital anomaly 5(2.25%) 0 17 (2.82%) 1 23 (2.59%)
Congenital Heart Defects 2 5
Respiratory 1 1
Oro-facial clefts 1 1
Nervous system 2° 2
Urinary 4 4
Limb 2 3 1 6
Other anomalies/syndromes 1 1 2
Chromosomal 2 2

®EUROCAT headings; ; ®one with Down’s syndrome; 5 newly diagnosed antenatally; 97 RAL-exposed pregnancies resulted in multiple births (one triplets);

death

one neonatal
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