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Gender Medicine

(6) Management of Female Patients with Neuro-Immunological Diseases in Pregnancy

Yuko Shimizu
Department of Neurology, School of Medicine, Tokyo Women’s Medical University, Tokyo, Japan

In recent years, the number of patients with neuro-immunological diseases, such as multiple sclerosis (MS), neuro-
myelitis optica (NMO)/neuromyelitis optica spectrum disorder (NMOSD), and myasthenia gravis (MG), has been
increasing in Japan. These diseases are commonly seen in women of childbearing age. Therefore, pregnancy and
delivery are major issues in patients with these diseases. Pre-conception care and management of medication
during pregnancy, resumption after delivery, breastfeeding, and effects on the mother and fetus are all very im-
portant issues.

In pregnancy in MS, the current guidelines focus on the use of disease-modifying drugs (DMDs) throughout preg-
nancy. The appropriate DMD prevents relapses for three months postpartum.

The annual recurrence rate after delivery was much higher for NMO - NMOSD than for MS. In addition, preg-
nancy after NMOSD onset is a risk factor for miscarriage, and pregnancies with high disease activity may be at
increased risk of miscarriage.

Exacerbations of MG occur in approximately 41% of pregnancies, with remission in 29% and no change in 30%.
Exacerbations occur in the first trimester and the three months postpartum. What is common in these autoim-
mune neurological diseases is that continuing appropriate treatment and stabilizing disease activity can prevent

postpartum recurrence.

Key Words: multiple sclerosis, neuromyelitis optica spectrum disorder, myasthenia gravis, pregnancy, precon-
ception care
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Figure 1 Maternal immunologic adaptations during pregnancy; multiple sclerosis. (Modi-

fied from reference 4)

%, FEREAF MRS AE TR BRI IS — 3T 5. L7zAto
T, BRRBTIE, o R B E O
% - MPEEIZOWT, HEMIZEBRT 2720, KRR
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Y LSR

MS, NMO - NMOSD O#f4z - iz, 71 3
Y Tvarsr T (KRS TR ROIEED
7D DEREEBAZRMT 52 L), HFEIE (REIBH
3% (disease-modifying drugs : DMD), SaEdiilEe 2
) Ok - A2, MEKROFR, 23, TR
NOR A=V AL, B - JREANOEE R EHR
Bl $ 2, W5,

RERMHRERE EFIRPOBEAOREER

MS (X 2%9E % 12469 % interferon (IFN) -y, tumor
necrosis factor (TNF) -o, interleukin (IL) -2 72 &
DY A S H A EEETAHLIEANL Y- THIE
(Thl) % Th17 ASTT#EL, PUSIEMEIEA &2 70 IL-
4,1L-10 Z PEES 5 2 B~V 8 — T #illd (Th2) %3
M T M (regulatory T cell : Treg) BMETF 45 2
ENERICHEL T D, IR OBHMANTIE, 4
DA P AL VR AT U REDKRIVESD
ERT, A I A 2N ¥ ZHThl 55 Th2 ~
7 ML, ThI7TIXEF, Tregldt#EL, KBE~D
RIEFLRAL Y LD, MS Tld Z DM O RPETE
I XY EBIHH SIS S W ERAERFEE 725
37 (Figure ). L2 L, EREEOH 5 HEH

KA G- L, Th2 ¥ 7 bR EIGEIEICE G35
NMOSD, MG Tl MS & 8720, iR OFREIA
BRI RTINS,

MS DOiElk - HE

1. ik - HELHEY XY

RFRD MS BAEEL CReE e R HR a4 Rl A
¥ 1% 2015 4 19,389 A (NMOSD #) 4000 A &
tr) T, WFE 30 EMICEFRBIT A0 5, & Ikt
BEORINDAETH 577,

FEFE R MS B3 o il - W 1 & 3B B AT
L 72 The Pregnancy in Multiple Sclerosis (PRIMS)
study”, TIZIEMRMZ 2> bao—v & L TERH
FER 2 B L7256, IRRIIC 2 512 L7225 C,
PRI AT 3525, MER 3 2 HIZEURHT
EHEL, ARICHERDIEL %25 (Figure 2)”. Z
MWIERA LRI X 295, REOZAL, L+
VEYDOSHBEETAFREEZ SN TV, Ik
I O ER A MRS 5 2 A, EHENOFIETRIC
DRDS.
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Figure 2 Rate of relapse per woman per year for each three-month period before, during,
and after pregnancy in 227 pregnancies resulting in a live birth among women with mul-

tiple sclerosis. (Adopted from reference 7)

2. RILEEBHOBER

BRIV ERN O FIRE 2 WG T 5 O EBd, FTHHE
WAVEATH B, BHEG 2 TS MS OREELIEA
THZEG5ZTWD MS OREBLE L, B DR
BHRMEL, BRET LT TOMML Ed o 724 Er
5, BRFLOEEN O FAEIHEIRERAEH et L
ML, BRFERFTETCWLRED, Bl 52 Tw
LMz H ALY, LTI HREAHI R R
EZewv, G RS ERINLE L EY, BILOFEIE
PHFIRIRIZOWTIE, fiamiEETwZwn, Wi
X, BEPRAZHLLES, TOHLEEE
L7239 ARF & DICR VB Z RITT, Bal%
BT % 0h, HERRHIC DMD 2 i3 2 075,
BHEORBIEENE L BEORHLEZE T 2 THW
RIZTCHRINEL B R,

3. & B 8 i ZE (disease-modifying drug :
DMD) : FLar+7 Y a7 itk - HiE

DMD & &, MS OFFETH;, KA PR R
i magnetic resonance imaging (MRI) %8 % Ji 4>
B HEBRREFFOEATH 5.

2019 4F 8 HBUE, AFECId 5 6 # IFN-B2 #l, 7
5 F J < —HEWE (glatiramer acetate : GA), 74

YIYER, 7 AEY X F L (dimethyl fu-

marate : DMF), 7% 1) X~ 7 ® DMD Ak i
27 oTW5hb,

J4E, DMD OF KIFHET L, /b TlE 62%
» MS B#H DMD #5-HI BTN IR L T 5
CEPHESINTEDY, ADOHEBHAKIZBNWT,

DMD #¢5-i 7 W2 iR B 2 R 5 2 & i3
7R\,

RO RO H 5 LHEEHIZIET T La e T
Yarir el b, ERE OB BB RIS
avru—u§sr2E, OFVEETHE, HIR -
WMEZRBEZ T, BE~NDY A7 - X274 v b
ZRE L7-#Y) 7% DMD & #IRL, +o5%A V74—
ARy EBBLIENEETHL. FLT
DMD #£5-1, #EiR L 7284121, DMD ORHMA~D
WERHHLZ) 2T, FTHREORLEI KX,
R AR L R & ) BHRO ERHERRC
DEHBY.

IEHRATIC GA, b L <X IFN-p o 5813 R itk
REE AT, MEROFEIHIRIRISH LN TH -
722 & H SRR DMD O B SR S Rz
(Figure 3)".

—#M9Z, DMD % BIZat: L inHRIc L
AL, BRES ML T DMD &N\ —
ATA v, WEHRITE VD, B e s F 72
BENTWARWDMD % 2nd 7 4 ¥ & EAN T T
W5, HEIRETC 1ARDL LR & HERE, o F DR
WEIMESLE L TWEHLEICIE, XR=2F4 VD
IFNB b LT GADEIRS NS, LA LEICHE
O FFE, MR TIEBIPER A B 2 B BIGE T
HEWEHZR, X—=25 4 ~ DMD 2S8HEH &2 £ D
TOMBBTELR WA 2nd 74 VANERS L
L. LHL, 74 yITVEFEHARLTCVILEA,
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Figure 3 Annual relapse rates in patients with multiple sclerosis exposed to glatiramer
acetate or IFN-B and in those who did not receive a disease-modifying treatment. DMD,
disease-modifying drug; GA, glatiramer acetate; IFN-, interferon-beta. (Modified from ref-

erence 15)
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Figure 4 Use of disease-modifying drug for multiple sclerosis patients who hope to bear

a child.

DMF, dimethyl fumarate; GA, glatiramer acetate; IFN-B, interferon-beta; MS, multiple scle-

rosis. (Modified from reference 16)

T, DMD OZEHEAWLEIZ% 5 (Figure 4)".

WIZARIRCRBUEH O & %2 DMD Ok - HE -
BRI W TSI LYY, MS, NMOSD, MG
OEFE (R TORBEERN S &) I2oVwTE
& w7z (Table 1, Table 2) """,

1) £ % —7=zur B (interferon-f : IFN-B)

IR IFN-B BEEEHE UL, JERG-HEabm & e L
THUGE, R E, R R, ik 37 ARG O FEL O
VA7 BAEBICENWZ L HE SN, TDH%
KRIBOERRITZE WY O 3 & — MIFET T, fEHis
NOVAZZEL Lo hhol. TRETOMEE
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Table 1 Multiple sclerosis, neuromyelitis optica spectrum disorder and myasthenia gravis therapies and pregnancy issues.

(Including insurance unapproved in Japan)

FDA pregnancy category *

Drug

X: Studies in animals or humans have demonstrated fetal abnormalities
and/or there is positive evidence of human fetal risk based on adverse
reaction data from investigational or marketing experience, and the risks
involved in use of the drug in pregnant women clearly outweigh poten-
tial benefits.

D: There is positive evidence of human fetal risk based on adverse reac-
tion data from investigational or marketing experience or studies in hu-
mans, but potential benefits may warrant use of the drug in pregnant
women despite potential risks.

C: Animal reproduction studies have shown an adverse effect on the fe-
tus and there are no adequate and well-controlled studies in humans, but
potential benefits may warrant use of the drug in pregnant women de-
spite potential risks.

B: Animal reproduction studies have failed to demonstrate a risk to the
fetus and there are no adequate and well-controlled studies in pregnant
women.

methotrexate

azathioprine
cyclophosphamide hydrate
mitoxantrone

prednisolone, methylprednisolone

interferon-p-1b, interferon-B-1a, fingolimod
natalizumab, rituximab, ciclosporin, tacrolimus hy-
drate, pyridostigmine bromide

ambenonium chloride, immunoglobulin, eclizumab

glatiramer acetate

* The Pregnancy and Lactation Labeling Rule (PLLR) removes pregnancy letter categories -

A, B, C, D and X. The PLLR also re-

quires the label to be updated when information becomes outdated. The rules came into effect on 30 June 2015. (Reference 19)

Table 2 Use of approved MS disease-modifying drugs in Japan: pre-pregnancy, during pregnancy, and during breastfeeding.

FDA fetal

DMD risk Mothers’ Washout Placental Breastfeeding
milk period transfer
category
Interferon-f C L3 Not Unlikely EU/US: limited data; consider the mothers’s clinical need
required and any potential adverse effects on the breastfed child
JPN: do not use
Minimal levels (0.006%) detected
Glatiremer B L3 Not Unlikely EU/US: limited data; use caution when nursing
acetate required JPN: do not use
Dimethyl C L4 Not Unknown EU/US: limited data; use caution when nursing
fumarate required JPN: do not use
Fingolimod C 14 2 months Crosses EU/US/JPN: do not use
Natalizumah C L3 Not Crosses by EU/JPN: do not use
required 2nd trimester US: use only if benefit outweights potential risk to infant

EU, European Union; US, United States; JPN, Japan. (Modified from references 10, 20-23)

BE 2, EREWNHMED RV IFNBHEHE T O BF I

72" GABRFRIZ X DR~ L, A

&, FEEECOEERE= ) YL, EIRAR BEANOEBIEL 2 5. BILIZOWTERTOR
7ZHIZIFN-B 2 HIET 2%, ks, RFHE G-zl fICH TR, TRAR O ARG §5 2 L 2T 5
WA EDFEITH 5205, KoKk TIREEBORRK LR L TV 2%, Wb ClEEE OB EIRE)
M RBENE & BRI X B TADORIMDOY 27 %8 L MrEEL, FRIhTw3

729 K’C}‘;ﬁc‘ LRI Tn 5 3) 7Y NVEEY A F NV (dlmethyl fumarate :
2) 79 F I~ —FEEE (glatlramer acetate : DMF)

GA) AF D DMF m“ﬁ)zif ¥, [HEIR F 72130 L <
GA 1, RIFOTA TR SOXER L T WA REED B 5 I NI, H#E L of mYEDE kR

WRMED & B ANIZIE, G EOF Rk ek Hx s &SN 5E50A5352 8. It

%Llﬁlé CHIBI I NALAICOAREST LI L] L IR OG- OREMIIMEL I N Tn v, [l

RS TV ™, ik, KAIOBEFE D H > 728k nCTwa?,
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T3 B WEENED D 5 720, PR % ik
%"

4) 74 v TYER

R D7 4 >3 E FIBEET, EREFEZE0
S5PIOEME R BB E L, $RTHEERS 1 =)
MECHEZEL COEATH - 722 L h 5", T
F 2R L TV B IR D B B i ANDOAERF O
HI32TH 5. Lizh - T, MR RE R BRI,
BESRICIFRL TWinwZ E25RL, BEOY 2
7% TR L7299 2 CARAZERSG L Tidk
v, 74 3T E NMHEH»SHEETSHET2
PHAPPD TS, FARE 1 =P OBREIZXD
HELRLERBEEDND o722 &0 SRR 2 Ao
WEEZBKT 5. 35—, KEZG- A IEURASH B
L72lmEE, 72251852 k35, ARFIKIER
YN K (MS OFFUEIE L EEHI L) DY
A7 W50, BRAGEDOEHIZIL, DMF F7:
X, FH VAR TNOYNRHRZBVETH S,

B EBIZB W CTHITIIBITT 5 2 L0k S
TWa7ew, KL H, ZALIESTHLTY.

5 FFYAT

RENIARID DMD TD - & D EFEMELTE L,
WEEO BV EZ IS SNDEERE . KIS
BT, MHREZIZTRL T2 RO H 2 A
WIXEE LoF Rk fERE M E RS SRS
BEZOAREET Y. WHOHERF YY) AT
BEFE ORI XA TIE, WEDY A7 Z—HALOD
THERLZIZFAMOMRIE 72", F51) AT T
FETLI L, BEPIRICKAEE - VN U F
TH DY, HRFH OFEGRBEDBET STV 5. ik
T, HRPORRORIE - YNy ¥ FEFHiT 5
72O RE IO 30 Y, b L < 1E 348 F ToHY
HEBEARE STV DA, KA OMEIRIMEEIC L 5
FAERO —BEMERE I HRE SN T DL 20Y,
Tt v 7= Fa vty b EE2H 2 TR
ke 52 M3 _&ETH ), AR oML
X RPICBE, HiARER/NER L o LT
H5.

F5 ) AT, AIAMEPITBATT A T L AR
HFHINTWE2S IR 2 ) 27 RIS,
WAL CUE MR OB BIEEIES R VWA, RIhoAR
FIRRBEAZE R S LTV 52",

4. 1FiR, RIPICHHELZEDSEE

D) MEREATEA N

HEIMCTOZA T4 FRGIZHERDIZIZZ4ETH
B0, ATUA R - 2OV AFHEDOIEIRA~ DL AV
SN TwZawn, BHROREZa Y Pa—Lvd 5
) ZCERAZHG T HHEIILERDRET 5.
FRICOZFERD ) A7 FHAIZOWT Rl 3
Thb.

2) I bR

MR, B, ERAE R (Immu-
noadsorption therapy : IAP) 1%, HHRF:ICHifTCT&
BEFEDVDEDTHLLEZEZOLNDLD, wihd
JEFIHE DL NV TH S,

3) s a7 vREEHTEHY (intravenous im-
munoglobulin : IVIG)

AIFTIE, AH DO MS ~ORBEH X \WAS,
HETIE, TVIG I & B AR - HpER D FRFERALT 23
REN, HARIMEDSHE SN TWEYY LaL, IVIG
BERTH o7z ) WD H D7, IVIG 5D
I HETH B A%, RGO RZ &ML S
nTwzwn,

5. &IE#BIERE (assisted reproductive technol-
ogy : ART) & MS

MK TlX, ART 2SMS OFEFR) A7 IZEd 5
EVCI)WEDDH Y, TOWFIE, TFFIOE UK
Hi7R V€ ~ (gonadotropin releasing hormone : GnRH)
W2 & B RIEWS A M A A4 ~ (vascular endothelial
growth factor (VEGF), muyelin-oligodendrocyte gly-
coprotein (MOG) ¥ifF, B cell activating factor be-
longing to the tumor necrosis factor family
(BAFF)JO#ETH 5 LR LT, LaL,
BRI 2 AR L T ud ART 3WHETH . ART
ETIEY A 712D W T HRIER MS B3 & kR
L7284 ORRIIZE T, EifHERE MS B Tl
ART 2 X 15613 2o 72 %%, ART # RN E
L7-JEBI TIld %% %72 L7z (Table3)”. ART
ZBERE U 72 FE58E, R ET OB B & U RE 25
HLTWLWEEMEAVRIEE N, ART IZBWTH, 1k
R DS &2 HERF 9 5 2 LAY ART 14 O P 58P
WKHEMTHALEEZLNEY., —J, ANV -2
K — M T, ART R OFREMINZ & 72L T
B57, ART Bl DMD ZKHE L h o722 L 25,
ART Hii % O BA OB EIH B P e L1235 L 720
REPEZRIZ L TV 5™,
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Table 3 Clinical characteristics of RRMS treated with assisted reproductive technology.

GnRH

. Relapsing X Relapsing
. Disease Age during 1 agonist Treatment Treatment associated with .
Patients onset with ear before — before at ART LeenANCy Or Delivery
age ART ¥ ATR Infertility ART p. gIVF y
treatment
1 35 36 no — GA GA no caesarean
IVF section
2 18 34 no — GA GA no vaginal
IVF delivery
3 33 38 no — IFN-B ND no vaginal
IVF delivery
4 27 31 no — IFN-B ND no vaginal
IVF delivery
5 32 46 + — GA GA 2 month after —
IVF miscarriage

ART, assisted reproductive technology; GA, glatiramer acetate; IFN-B, interferon-beta; IVF, in vitro fertilization; ND, not

done; RRMS, relapsing-remitting multiple sclerosis. (Reference 49)

6. PEEENDTZ—I A B
BEOBENZVIRD, MSIZ X 258k,
i, RO E I v SRR AEAL L 72
WX, Ry YT EE SRR RREC X B %)
AU EETDH 5",
NMO - NMOSD Dk - HE

1. Bk - HE -BRVX7ETLa w7V 3
T

21 F ¢ NMO - NMOSD (PLF, NMOSD &3 %)
DY - HEDIERIHE TIE, ZoI1EE A EDHIR
HFIZHELTBY, HIRPICHE) A7 5L %5
CENFRHRINT. FORIEFNRILE LT, MR
WAEWEHANTIE Thl 205 Th2 12> 7 F Lt
FEAHTEAL T 5720, NMOSD TR T 2
7 &1 >~ (aquaporin : AQP) 4 HiAREEAEATTHE L,
BRERLR T 22 WREEIRIEIN. T AD
NMOSD FEEiE 7V 2 b g S 72 AKEH T, NMO-
immuno globulin G (IgG) & WA DIEMEAL & & B IHE
BOIRIE, WHEEZTISEIT2OEEDRIEDIGE X
7oA IR C ARG SR T A%, IEHN R 4
Yitr, BRI FEICHRET AL ) MENH Y, U4
WA OB BIGEE DR EAL IR - HPEICEETH
% (Figure5)™. HEOHE? ' TIix, NMOSD 1
MS & FIBRICEEURAT & Hie L€, RN s
KT 225, BHELRHREFEOMTIE AL, MR
SHPHOHHERIIMSIDHIENZ EXHLNE
7% 572 (Figure 6). Zi3%  oERIT, BRAGE
RMEHR U 72 W T, YRR R SR A AR 1k
S o Tz G W1k o TV 22BN D
HZzo6Nn5Y NMOSDO7FVvarytrsav

7 OFEIE, OFR - MECHE) B2 <720
VAR A & 8 0E 72 SeE IS 2 Rk L, W %K
#EAt3 % Z & (Table 4)™, @NMOSD 132D FEE -
BWEICEEL 20w ¥ @L 2L, NMOSD
FEREM DYLHR TR RE - IR M IE RO ) R 7
BEWI LT, ThbH. P AQPA Pk a % il 3
L7z, AR, WHobl AQP4 Hufki:—& M Ik
W25 E - ME~NOEBIROON TV
VW

2. EIRPDARE

NMOSD & MS & FIffICHE - IR 2, 3
LBEWEDITHIRELESEL I EPRUTH S
A%, NMOSD TIZRIBREA T a4 N0 sl
ZNIRL TV 5 EEDNL .

SIEPIHIEIZOWT, 2018 4FE 6 HIEA57 413,
(o7 ) 22 [T7HFFFT) Iy r7azxR) v]
D 3HNZO W T O %2 580, i 3CHE 2 O [ i
IO &S] 24U T F 7230k LT
B REMED & B LI IZIREE LA Atk %
LRz EHBENAGEICOAEGTAHI L] LT
WLEND LX)k -72. NMOSD OIEARICESL, L
ROTIEIHIE OG- 2 T 26, AHINOMK
WoORBLZIMAT L2 TIE R, BE~NOALE
P BEEIZOWTEBEB L OREIC %A~
TH—AFaVey M EfRAH I ENRUHT, T
O [FEHAB G-3RI ERT D L H 1] EARIFTO
AT BRI EN TV B2 SRIE [E 7 2k
W52/t (National Institutes of Health : NIH) @ Lact-
med Ti&, [ 270 ) AR THFET) V[V
O AR V] 3 RAFICREMIATELEEZS
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Figure 5 Proposed mechanism of NMO-IgG-induced placental inflammation.

(A) Normal fetus in uterus with a (B) magnified view of a normal fetal villus showing AQP4
within the syncytiotrophoblast plasma cell membrane. (C) NMO-IgG binds extracellular epi-
topes on AQP4 and (D) activates complement causing the deposition of membrane attack
complexes (C5b-9) in the syncytiotrophoblast plasma membrane.

(E) Leukocytes infiltrate the placenta, primarily neutrophils (NF) with some eosinophils (EF)
and macrophages (MF). (F) Severe placental inflammation causes fetal death, but (G) mild
placental inflammation allows normal fetal growth. Aquaporumab (A) inhibits NMO-IgG
binding, and sivelestat (S) inhibits neutrophil-mediated damage. (Modified from reference 52)

Lower amounts of NMO-IgG & human complement

ARR

——Kim W, et al.51)
2.5 - NMOSD
—e—Bourre B, et al.52)
 oumgegany

Shimizu Y, et al. 53)
NMO.NMOSD

----- Confavreux C, et

1.5
al.7)
/ / /\ \V e
—— Klawiter EC, et al.
1 \ 54)
P
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BP DP1 DP2 DP3 PP1 PP2  PP3+4

Figure 6 Annual recurrence rate associated with pregnancy and childbirth of optic neu-
romyelitis optica spectrum disorder comparison with MS.

ARR, annual recurrence rate; BP, before pregnancy; DP, during pregnancy; PP, postpar-
tum; MS, multiple sclerosis; NMO, neuromyelitis optica; NMOSD, neuromyelitis optica spec-
trum disorder. (References 7, 51-54)
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Table 4 Clinical profile of 11 female patients with NMOSD who became pregnant after onset NMOSD.

Relapse Relapse Immuno-
Age at during Age at during suppressive Immunosuppressive
Case disease year ‘e gnanc pregnancy Form of delivery therapy therapy during
onset before breg y and/or before pregnancy
pregnancy postpartum pregnancy
1 13 + 22 PP1 Natural birth + PSL 10 mg/day
2 30 + 34 pPP2 Natural birth + ND
3 30 + 37 PP2 Natural birth + ND
4 28 + 29 PP3 Vacuum extraction + ND
5 25 + 34 DP2 Natural birth + ND
6 28 + 35 DP1, DP2, PP1 Natural birth + ND
7 21 + 22 PP1 Elective abortion + PSL 10 mg/day
8 20 + 34 PP1 Lower baby weight + PSL 5 mg/day
AZT 50 mg/day
9 25 + 34 PP1 Natural birth + ND
10 34 - 39 - Premature birth + PSL 175 mg/day
tacrolimus 3 mg/day
Caesarean (pregnancy-
induced hypertension)
11 24 - 33 - + PSL 20 mg/day
- 35 - Term birth, Caesarean AZT 100 mg/day

PSL 5 mg/day

Patients 1-9 had pregnancy-related relapses. Patients 10 and 11 were free of relapse during their pregnancies.

AZT, azathioprine; DP], first trimester of pregnancy; DP2, second trimester of pregnancy; DP3, third trimester of pregnancy; ND,
not done; NMOSD, neuro-myelitis optica spectrum disorder; PP1, first 3-month periods postpartum; PP2, second 3-month periods
postpartum; PP3, third 3-month periods postpartum; PSL, prednisolone. (Adopted from reference 55)
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