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INTRODUCTION

To define the safety of Tumor necrosis factor inhibitor (TNFI) during
pregnancy: from the newborn’s perspective.

cWHY?

Generic name Brand name Structure . .
1gG1 isotype mAb 1gG1 1sotype Fc Pegylated
Fab region
Adalimumab Humira IgG1 mAb Monoclonal FllSlO_ll Fab
) antibody protein o
Infliximab Remicade IgG1 mAb Receptor region
Fab A
Golimumab Simponi IgGl mADb region ngand
Fusion protein: IgG1 Fc
Etanercept Enbrel + TNF receptor 1G IgG e
| | ' / istoype Fc istoype Fc Polyethylene
Certolizumab Pegol Cimzia Pegylated protein ‘ Glycol (PEG)

Chung et al. Korean J Intern Med. 2023; PMID: 35581954. Lungaro et al. J Pers Med. 2023; PMID: 36836400. 1/15
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This figure is original and created by Y. Luo in Biorender.com; PMID: 36825745

in Biorender.com; PMID: 36825745
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INTRODUCTION

I st trimester 2nd trimester 3rd trimester
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k(inectics of biological therapy in the mother/fetus/newborn depending on the dosing schedule.

This figure is original and created by Y. Luo in Photoshop; PMID: 36825745

Esteve-Solé et al. Front Immunol. 2017; PMID: 28983301. Julsgaard et al. Gastroenterology. 2016; PMID: 27063728.  3/15



GUIDLINE RECOMMENDATIONS for in utero use of biological drugs:

Guidelines

British Society for Rheumatology guideline on #’ 1. To ensure maternal disease remission during pregnancy.

prescribing drugs in pregnancy and breastfeeding:
immunomodulatory anti-rheumatic drugs and
corticosteroids

Mark D. Russell (2 ', Mrinalini Dey?, Julia Flint?, Philippa Davie', Alexander Allen*, Amy Crossley®,
Margreta Frishman®, Mary Gayed’, Kenneth Hodson®, Munther Khamashta®, Louise Moore'®,

Sonia Panchal'!, Madeleine Piper'?, Clare Reid®, Katherine Saxby'®, Karen Schreiber'**%, Naz Senvar"’,
Sofia Tosounidou®, Maud van de Venne'®, Louise Warburton®, David Williams®', Chee-Seng Yee (2 22
Caroline Gordon (0 2, lan Giles®**; for the BSR Standards, Audit and Guidelines Working Group®

Rheumatology 2023; PMID: 36318966.
—7" 2. The need to ensure the newborn to have the minimal level of

The Toronto Consensus Statements for the — drug as possi ble at birth.

Management of Inflammatory Bowel Disease in
Pregnancy

Geoffrey C Nguyen !, Cynthia H Seow 2, Cynthia Maxwell 3, Vivian Huang *, Yvette Leung °,
. 6 . . . T 7 a

Jennifer Jones ®, Grigorios | Leontiadis *, Frances Tse /, Uma Mahadevan ©,

~ f 0 . - —

C Janneke van der Woude “; IBD in Pregnancy Consensus Group;

Canadian Association of Gastroenterology

— 3. To avoid the drug after third trimester of pregnancy.

Nguyen et al. Gastroenterology. 2016; PMID: 26688268. —
Specific recommendations are on the next page
Recommendation
The EULAR points to consider for use of antirheumatic drugs before
pregnancy, and during pregnancy and lactation rree
74 4. Drug discontinuation Is subject to ensuring remission of
rauke Forger '*, Munther Khamashta '¢, @ Guillermo Ruiz-Irastorza '7, Angela Zink &, Jiri —

P O — maternal disease activity.
Annals of the Rheumatic Diseases. 2016; PMID: 26888948.
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GUIDLINE RECOMMENDATIONS — VACCINE SCHEDULE

Resum de I'exposicio materna a biologics de la British Society for Rheumatology: PMID: 36318966

Farmac Aturar
Compatible tot
CzP -Ompatit
I’embaras.
IFX
ADA e |FX:20SG
GOL « ADAIGOL: 28 SG
e ETA: 32SG
ETN
l:'re\::::g DMIMGa Malaltia por Hepatitis Infeccié per Malaltia per Malaltia per Xa‘:amopiaé
B4 I e T ooy B rolevits proumecos meningocee  piians | 2025 - Calendaris de vacunacions i
0 mesos Immunitzacions sistematiques from
2 meso Meningococ B canalsalut.gencat.cat
— e Generalitat de Catalunya.
6 mesos
11 mesos u -
Meningococ
12 mesos conjugada Meningococ B
tetravalent (ACWY) m. 5/15




GUIDLINE RECOMMENDATIONS — VACCINE SCHEDULE

Resum de I'exposicié materna a biologics de la British Society for Rheumatology: PMID: 36318966

Farmac Aturar
IFX, ADA, GOL,
ETN. T
IL-17, 1L-12/23, '
RTX, IL-6.
Bl Zm Tt poiomieis Aesmophius MePgite IWeceioper Meltaper  Maaeper RIS . o
AL JIFEEEEs ey 2025 - Calendaris de vacunacions |

Immunitzacions sistematiques from
Meningococ B canalsalut.gencat.cat

sincicial neu Meningococ
4 mesos otavirus? Rl e C conjugada Meningococ B

6 mesos

11 mesos

neul
conjugada
Meningococ
12 mesos conjugada Meningococ B
tetravalent (ACWY)
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CONCERNS

TNFi is an immunomodulator that blocks the action of the cytokine TNF = immune changes.

. biological drugs with placental transfer capacity are not only immunomodulating the maternal
Immunity, but also the fetal/neonatal immune system.

Perinatal immunity is still maturing, any alterations during this critical period
could have long-term consequences on immune integrity and function later in
life.

BENEFITS

Secondary immunodeficiency

due to drug exposure ????

7115



CONCERNS: lymphoid organogenesis

. What elements are we concerned about?

Lymphoid profile

TNF is a key cytokine for lymphoid
organogenesis during early life.

TNFiI may affect the immune responses balance.

Immune system

I

Innate Acquired
immunity immunity
|
‘:‘4 - | |
e ® .0
]
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|_|_| B cells

l—l—l
( “ ) ’: d\ f - ( @ (@ 3 . .

Neutrophils ~ Basophils  Eosinophils Cytotoxic Helper Immature Plasmablasts
T cells T cells B cells
|
| | Antibody
[,., 4 \ / .\. |‘ y -\\l production
] | { )|
\\Of L J \ \ > j N : .//‘
Natural Innate
killer cells lymphoid
cells

This figure is original and created by Y. Luo in Biorender.com; PMID: 36825745

¢) Immune crosstalk defining neonatal immunity features

Humoral TNF-a
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! I
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N (]
“ Bregs {t:;g
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responses

This figure is original and created by Y. Luo in Biorender.com; PMID: 36825745
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CONCERNS: mycobacterial challenge

. What elements are we concerned about?

Responses to Mycobacterial challenge

TNF plays a key role in the 1L-12/IFN-Y axis.
Mycobacterial elimination.

SHORT REPORT

[l e Case Report: Fatal case of disseminated BCG infection

Mycobacteria 1.1 in an infant born to a mother taking infliximab for
ﬁﬂ IL-12p70@ @  receptor Crohn's Disease
//_\‘ a a . s _a P .
/\ﬁ ”' .’ Kuldeep Cheent 2, Jonathan Nolan 2, Sohail Shariq?, Liina Kiho®,
( /V Arabinda Pal #, Jayantha Arnold *-*
STAT1C) Cheent et al. Journal of Crohn's and Colitis. 2010; PMID: 21122568.
Wi rophages\ a

IFN-y
receptor 1 and 2

® iy If the newborn needs the BCG vaccine,

inhibitors

consult a pediatrician-immunologist

This figure is original and created by Y. Luo in Biorender.com; PMID: 36825745
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OUR PROJECT-STUDY DESIGN FIS P118/00223

MULTICENTER AND MULTIDISCIPLINARY STUDY (2014-2024)

Sl ——tormay Y
— P K Rheumatologists Pregnant patients treated with TNFi:
T — =TT L Gastroenterologists |
= B | Obstetricians  Rheumatic diseases (RMD)
SJD (IP); HCB; HVH Paediatricians « Inflammatory bowel diseases (IBD)
AFTER DELIVERY... ~\“'v « Drug clearance in the newborn

Immune follow-up

« Umbilical cord blood (at birth)
 Peripheral blood (at 3, 6 and 12 months)

T and B cell maturation course

e S \\

Vs ‘\
./ \
\

[ ]

7, " R c .
\Yﬂ ‘\(\Yj E\Q Humoral immunity (levels of Ig)
. . 7= /=
Clinical follow-up _ o
At 3, 6 12 months with paediatricians. RN * Integrity of IL-12/IFN-y axis in response to
. (\ o) mycobacterial challenge.
S o e 10/15



OUR PROJECT- COHORT

Table 1. Summary of the study cohort.

In utero exposure to TNFi
Maternal disease Disease subgroups TNFi during 3.-(1 Concomitant drug
Type of TNFi N trimester of
regnancy

RA 10 untreated 7 - prednisolone 6

RMD ) JTA 6 C/ZP 11 Yes hydroxychloroquine 2 RA: _Rheun;atl()id T\rt_h_ritis
- SpA 6 ETN 5 Yes paracetamol (PRN) 1 SpA.. Spon 1y Qa_rt r|t|s_ -
SAPHO 1 ~ NSAID (PRN) 1 JIA: Juvenile |(_j|_opath|c arthritis
- SAPHO:Synovitis-acne

CD 19 ADA 16 Yes prednisolone 2| pustulosishyperostosis-osteitis

IBD 27 uc g IFX 1 Yes azathioprine 5] CD: Chron d_isease§ _
Oral mesalzine 11 UC: Ulcerative colitis

Study cohort: N =50 pairs of mother-child.
Healthy control group: N = 30

We observed no case of fetal death.

The TNFi-exposed newborns did not present congenital abnormalities and had normal pondostatural and
neurological development.

11/15



OUR PROJECT- DRUG LEVELS

At birth, all newborns exposed to ADA/IFX Drug levels were detectable in infants until of age.
presented positive levels of drug.

Figure 1. ADA and IFX drug clearance in neonatal bloodstream.

A) B)
o ADA (N = 11) . IFX (N = 10)
The TNFi drug levels in the newborns exceeded 5 50l Pueam”™ 2 4
those of the mother. E 3 307
- = 204 2
o Ratio ADA: UCB/maternal level = 1.05 : 5 20 \
I - — £ 104 Z 1o
o Ratio IFX: UCB/maternal level = 2.23 3 l\T 2l | T@
ol— : : , 01— 5 ! ;
0 (UCB) 3 6 12 0 (UCB) K] 6 12
Age(W Agc(W
Drug clearance (mean half-life) in neonatal Statistical significance < 0.05; Spearman correlation (r): low association 0.1-0.3;

peripheral blood was slower than in the mother moderate positive association between 0.3-0.5; and strong positive association 0.5-1

Mothers: 28 days  Newborns: 30.67 days
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OUR PROJECT- MAIN RESULTS.

TNFi with higher
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® ®
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9

Immune balance?
¢Long-term consequences?

S Untreated, ETN,

| newborns

o 6 newborns recelVed rotavirus VacCIne WITNOUT adVErTSE eTTects.
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OUR PROJECT- MAIN RESULTS.

TNFi with higher placental transfer activity (IFX/ADA) had more impact on IL-12/IFN- y axis.

At birth, 1L-12/IFN-y axis activity was reduced in ADA /IEX exposed newborns. TNF levels normalized along with
drug clearance.

- Risks to intracellular pathogen infections?
| . I.e., tuberculosis, leishmania.
60007 ok . ! ’
O‘O
2 40004 o
@ O
c | ® s
20004 ... | , 0 S
¢ o E ., Endemic zones '
0 %VO T =T T %_ . @
HC UnT CZP ETN|ADA IFX

M\ V4 & TNFi+ concomitant drug BCG is included in the vaccine annual schedule.
——————— Median ***: p< 0.001
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OUR PROJECT- TO RAISE AWARENESS FIS P124/00467

Graphical abstract

} Ami-intfamacrophagic A‘?lgfil;nlul mua:b
REVIEW ARTICLE WILE bacterial responses Biological ittt
TNF-a Therapy Golimumab
: B . Ustekinumab V / D Efanercept
Expected impact of immunomodulatory agents during Guselkumab M1 0® Certolizumab Pegol
pregnancy: A newborn's perspective |
Anti-parasitic
,"\ responses
Yiyi Luo®??® | Daniel Acevedo?® | Nuria Bafios’® | AndreaPluma’® | 4
Ratil Castellanos-Moreira®® | Estefania Moreno® | Sebastian Rodriguez-Garcia® | Dupiliumab
Angela Deya-Martinez>*® | Ana Garcia-Garcia?®® | Estefania Quesada-Masachs’® | 0('. ; geeneg:;;ldrr:gg
Mireia Torres® | Manel Casellas’ | Dolors Grados® | Celia Marti-Castellote!” | IL-17 &
Jordi Anton®®1°@ | Alexandru Vlagea11 | Manel Juan®1%1112 ¢ | Y
Ana Esteve-Solé"**® | Laia Alsina®?>1°
. . Anti-fungal
Luo et al., Pediatric Allergy Immunol. 2023; PMID: 36825745. ,esponsﬁs mHC Y B gggg > Abatacept
TCR
Must reed article along with an Editorial Comment. ekizrrih
EDITORIAL WILEY Small Ocrelizumab
Molecules Rituximab y/
o s " PR
|_Ed|tor|a| comment on “Expected impact of immunomodulatory with y 3 s \\( =,l\l\
agents during pregnancy: A newborn's perspective” | Upaég':iit:inib _/ ‘ Th cell b2 //' '\\ IgE
onty TFilfgotinibb I reg;;for
Treating maternal conditions during pregnancy requires balancing the desired beneficial effect and maternal and ofacitini -
fetal toiici(y. Over the last decade: :ev:ral drzgs:nd toxins haveg been associated with substantial organ damage t a‘ I SO i
in the fetus, resulting in altered organogenesis or functional derangements.! However, improving disease control
might indirectly favor reproductive plans in women of childbearing potential. Recently developed biological thera- . . \
pies and small molecule protein kinase inhibitor drugs employed for treating autoimmune diseases have a powerful Natalizumab Integrin 04/(1487 [ ]
biological effect and may result in specific and possibly complete suppression of the targeted pathway.” The phys- Vedo"zumab . X
jological consequence can be reversible upon discontinuing the drug or could result in a long-term influence on Humoral B cell activating
the immune system, according to the half-life and mechanism of action of the drug. For example, targeting B cells Tocilizumab £ 3 facto
g may induce long-term effects on antibody production after treatment discontinuation, and anti-CD20 monoclonal g meumty .
antibody administration may even result in B-cell aplasia, which can be irreversible in specific clinical situations.® - -
Yiyi Luo During the fetal period and early life, the immune system undergoes major changes to adapt to the varying Luo et al og Pedlatrlc AI Iergy I mmunol . 2023; PM I D : 36825745_
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TAKE HOME MESSAGES

1. Most biological drugs cross the placenta and may exert immunomodulatory effects on both
the mother and the newborn.

2. Each biologic targets a specific immune component, which can impact the newborn’s
Immune development.

3. Expert-driven recommendations are needed to guide the use of immunomodulators during
pregnancy and support safe treatment decisions.

4. Adjusting maternal treatment schedules may ensure optimal disease control while minimizing
unnecessary fetal exposure.

5. This project has strong potential to improve maternal-fetal care by addressing key gaps in the
management of in utero exposure to immunomodulatory drugs.

6. Close follow-up of biologic-exposed newborns is essential, due to possible effects on
lymphoid ontogeny and risk to infections.



OUR TEAM

Estudio de enfermedades por disfuncion inmune en pediatria (GEMDIP)
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Consideracions en el calendari vacunal si exposicié materna a FAME biologics durant la gestacio

202 Calendari de vacunacions
i immunitzacions sistematiques

A2 -
Infeccié ifteria alaltia per rampit Infecci r virus - e . N .
ég pe:vlrus T'?ﬂ:é 5 {rosomiett '-l'a laltia p Hep:tl!is Infeccié ?-er Malaltia per Malaltia per x;ub?o?a_é VaricoHal| Hepatitis A I e p:pl:lelm e 2:;::: ReS um d e | 1 ex p osiciéo m atern aa FAM E b io I 0 g ics d e Ia
sincicial os ferina influenzae b 5 Parotiditis huma

British Society for Rheumatology

0 mesos
mesos xavalel Pnsumecoc leningococ N . 7
’ P R Herisesecs Farmac Recomanacié
S CzP * Compatible amb els tres trimestres de
Pneumococ | 'e m baras
* No requereix cap alteracié en el
fmeses a calendari de vacunacio infantil

(de6a59
mesos)

15 meses
3anvs mm

INF Seguir calendari de vacunacié normal si:
ADA * INF aturat ales 20 SG

4 anys .
GOL « ADAIiGOL aturat ales 28 SG
Sanys DTPa-PI ETA « ETA aturatales 32 SG
1112 anys m "&,‘f,ﬁmm‘?‘ Varicela' ~ Hepatitis A*
Embarassades 5 H HH H .
€3 = INF, ADA, Si utilizats en el tercer trimestre:
R &» GOL, ETA, -+ Evitar totes les vacunes vives en el
- -, - o o
(Aot IL-1, ABA, calendari de vacunaci6 infantil fins als
1
65 Pneumococ Grip Herpes BEL, IL'17, 6 meSOS d edat
Snye conjugada cada any zoster® , O . y
IL-12/23, * 5 mesos després de I'tltima dosi d’ADA
80 anys zdster 4 W4 s
RTX, IL-6 *+ 16 setmanes després de I'Ultima dosi
1. Immunitzacié de tots els infants menors de 12 mesos, enlaseva primera E del VRS, de manera: nascuts 1 atalinicidela emicadel VRS (entre abril i setembre), 3
durant el mes de setembre-octubre, nascuts i nascudes durant la temporada epidémica de VRS (d'octubre a marg), preferentment abans de faita al nabrement d ETA
2. Vacunaci6 contrael rotavirus a parti dels 2 mesos diedati seguint la pauta segons la vacuna disponible
3.Contrael ACWY): s'han de vacunar els adolescents d'11-12 anys d'edat que no hagin rebut cap dosi de la vacuna MACWVaparl\rdels lOsnysdedat També s'ha de fer repesca fins als 18 anysd'edat,inclosos.
;;:m;nzconl:alllmpaninnd!:’-m]iulrm nnbconl nl:va IeeH:W‘] Eomessha?d; ;ac S?ralsn 12 anys elsinfants noi n:m unitzats o v a;ng;sosense tvacunats (la nstade dues dosis). SG: setmana de gestacio, FAME: farmac modificador de la malaltia, CZP: Certolizumab, INF: Infliximab, ADA:
ad'administrar la vacuna a a les embarassades, en cada embaras, apartir de les ‘tment entre i H H H B :
8. Shandadmi mS"ardueSdosSdzla“w“"o"tm ° e 65 :nysowanys Adalimumab, GOL: Golimumab, ETA: Etanercept, ABA: Abatacept, BEL: Belimumab, RTX: Rituximab, IL-1:
Nota: Es recomana la vacunacio contra el SARS-CoV-2 cada any durant la campanya de tardor, segons manacions aj 0 anys  alires amb condicions derisc). Inhibidors interleuquina 1, IL-6: Inhibidors interleuquina 6, IL-17: Inhibidors interleuquina 17, IL-12/23: Inhibidors

il"' Generalitat interleuquina 12/23.

Per a més informacié: 061 fSalut canalsalut.gencat.cat ll¥ de catalunya
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