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Abstract

Background Therapeutic plasma exchanges (TPE) has been recommended for neuromyelitis optica spectrum disorders
(NMOSD) as a rescue therapy after nonresponding from the high-dose steroid and as an early therapy in severe attacks. We
performed a systematic review to evaluate whether therapeutic plasma exchange (TPE) is better than conventional intravenous
methylprednisolone (IVMP) in neuromyelitis optica spectrum disorders (NMOSD) patients.

Methods Systematic search was conducted in five databases: PubMed, Embase, Scopus, Web of Science, and CENTRAL
for randomized controlled trials and observational studies of TPE compared to intravenous steroid in NMOSD patients with
neurological or visual outcomes in English without publication date restriction. Quality assessment was performed using
ROB2 and ROBINS-I. The meta-analysis was done using a random-effects model. Pooled risk ratio (RR) or mean difference
with a 95% CIs of efficacy outcomes included the Expanded Disability Status Scale (EDSS), visual acuity, and LogMAR
were measured.

Results Of 3439 potential studies, seven were included in the systematic review (1211 attacks; 433 patients) and three studies
were included in the meta-analysis. Compared to high dose steroid alone, the add-on TPE increases a chance for the return-
ing of EDSS to baseline at discharge (RR 3.02, 95% CI 1.34-6.81) and last follow-up (RR 1.68, 95% CI 1.01-2.79) as well
as improves visual acuity at last follow-up.

Conclusion TPE as an add-on therapy to high-dose steroid injection during an acute attack in NMOSD patients is associ-
ated with returning to baseline EDSS at discharge and last follow-up, and a trend to have a lower disability at 6—12 months.

Keywords Neuromyelitis optica - NMOSD - Optic neuritis - Plasma exchange - Steroid - Meta-analysis

Abbreviations EDSS Expanded Disability Status Scale
AQP4 Aquaporin-4 GEE Generalized estimating equation
AQP4-Ab  Aquaporin-4 autoantibody HD-S High dose steroid
ASFA American Society of Apheresis 1A Immunoadsorption
CNS Central nervous system IVMP Intravenous methylprednisolone
LETM Longitudinally extensive transverse myelitis
LogMAR  Logarithm of the minimum angle of
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MS Multiple sclerosis

MY Myelitis

NMO Neuromyelitis optica

NMOSD Neuromyelitis optica spectrum disorders

ON Optic neuritis

OR Odds ratio

PLEX Plasma exchange

ROBINS-I Risk of Bias In Non-randomized Studies of
Interventions

RR Risk ratio

SD Standard deviation

™ Transverse myelitis

TPE Therapeutic plasma exchange

VA Visual acuity

Introduction

Neuromyelitis optica spectrum disorders (NMOSD) are
autoimmune conditions in which pathogenic aquaporin-4
autoantibody (AQP4-Ab) binds to AQP4 at the foot pro-
cesses of the astrocytes in the central nervous system [1].
The orchestra between AQP4-Ab and AQP4 antigen initi-
ates complementary pathways and then later induce other
cytokines and chemokines, results in primary astrocytes
damage and then secondary demyelination [2, 3].

Treatment for an acute NMOSD attack must be immedi-
ately performed when the attack is identified to alleviate the
accumulated inflammatory damage that leads to disability
as neuromyelitis optica (NMO) is rarely progressive [4, 5].
Successful treatment of attacks determines good long-term
outcomes and reduced disability. NMOSD attacks should
be treated ‘hard’ and ‘early’ and escalation of therapy is
recommended [6].

Therapeutic plasma exchange (TPE) was proven to be
an effective treatment for the central nervous system (CNS)
demyelinating diseases including NMOSD with an acute
attack in a randomized sham-controlled study [7]. Sev-
eral other studies had confirmed the benefit of TPE in pure
NMOSD patients with an acute attack [8—15]. According
to the American Society of Apheresis (ASFA), TPE is in
Category II as a recommended treatment for NMO with an
acute attack and in category III for maintenance in NMOSD
[16]. TPE is anticipated to wash out AQP4-Ab, complement,
and pathogenic cytokines as well as other proinflammatory
factors from the blood circulation [17]. Nowadays, TPE is
recommended as a second or rescue therapy for patients who
do not respond to the treatment with high-dose steroid [18].
Early TPE in the severe acute attack has been considered but
the inclusion criteria, amount of plasma volume exchange,
outcome measurement are different across studies. In this
review, we performed a meta-analysis to evaluate whether

@ Springer

TPE is better than conventional intravenous methylpredni-
solone (IVMP) in NMOSD patients.

Methods

This study was conducted following the recommendations
of the Preferred Reporting Items of Systematic Reviews and
Meta-Analyses (PRISMA) statement. We registered the sys-
tematic review with PROSPERO International Prospective
Register of Ongoing Systematic Reviews (registration num-
ber: CRD42020173632).

Search strategy

PubMed, Embase, Scopus, Web of Science, and Cochrane
Central Register of Clinical Trials were used to search for
articles published in the English language up to 4 Decem-
ber 2019. The search strategy is presented in detail in the
Supplement. Besides, the reference lists of included articles
were searched, as well as related citations from other jour-
nals via Google Scholar.

Study selection

For this systematic review and meta-analysis, we worked
with an information specialist to design an appropriate
search strategy to identify original peer-reviewed articles
of randomized controlled trials and observational studies
evaluating the neurological or visual outcomes, or both of
TPE, plasmapheresis, immunoadsorption, or other therapeu-
tic apheresis; alone or in combination with other treatments
compared to standard intravenous steroid treatment; alone
or in combination with other treatments in patients with a
diagnosis of NMOSD or a limited form of NMOSD based
on 1999, 2006, and 2015 diagnostic criteria [7, 19, 20] Arti-
cle screening was done by two independent reviewers (TN
and SS) for eligible studies. Discrepancies between the two
reviewers were resolved by consensus.

Data extraction

Data extraction was done by two independent reviewers (TN
and SS) for published summary estimate data. Discrepan-
cies between the two reviewers were resolved by consensus.
We extracted the following data: (1) study characteristics
(authors, year of publication, study type, journal name, con-
tact information, country, and funding), (2) patients charac-
teristics (sample size, age at onset, age at the attack, gender,
comorbidities, concomitant with immunosuppressant use,
location of the attacks, AQP4-Ab status, disease duration,
number of the attacks, severity of the attack stratified by
location of the attack), (3) intervention (type, duration of
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treatment, the interval from attack onset to the first day of
the intervention, intervention compliance), (4) comparators
(type, duration of treatment, the interval from attack onset
to the first day of the comparators), (5) outcomes (complete
list of the names of all measured outcomes, unit of meas-
urement, follow-up time point, missing data) as well as any
other relevant information. All relevant text, tables, and fig-
ures were examined for data extraction. We contacted the
authors of the study with incompletely reported data. If the
trial authors did not respond within 14 days, we conducted
analyses using the available data.

Quality assessment

The authors worked independently to assess the risk of bias
in the included trials using the Cochrane Risk of Bias tool
2.0 for a randomized control trial study [21]. We assessed
the randomization process, deviations from intended inter-
vention, missing outcome data, measurement of the out-
come, selection of the reported result. We assigned each
domain as a low risk of bias, some concerns, and a high risk
of bias. For non-randomized trials, observational studies,
and uncontrolled before-after studies; we used the Risk of
Bias In Non-randomized Studies of Interventions (ROBINS-
I) to investigate the confounding, selection of participants
into the study, classification of interventions, deviations
from intended interventions, missing data, measurement of
outcomes, selection of the reported result [22]. We assigned
each domain as a low, moderate, serious, critical risk of bias,
and no information. As mentioned above, we contacted the
authors if there was not enough information to assess. If the
trial authors did not respond within 14 days, we conducted
the assessment using available data. We resolved the disa-
greement through discussion. We presented our risk of bias
assessment in Fig. 2.

Statistical analysis

The primary outcome was Expanded Disability Status Scale
(EDSS) which disability improvement was defined as a
decrease of at least one point above the pre-treatment score
if baseline score is less than 5.5, and of at least a half-point
if baseline score is more than 5.5, of the Kurtzke EDSS [23].
The outcomes measured were the mean difference in the
EDSS between before and after treatment with associated
95% confidence interval (CI) and relative risk (RR) for a
patient who had EDSS returned to baseline after treatment
with associated 95% CI, when reported. Visual outcome
including visual acuity (VA) and the logarithm of the mini-
mum angle of resolution (LogMAR) were also retrieved
with adverse events when reported. The results of the stud-
ies were included in the meta-analysis and presented in a

forest plot, which also showed statistical powers, confidence
intervals, and heterogeneity.

We assessed clinical and methodological heterogeneity
by examining participant characteristics, intervention regi-
men, duration of intervention, follow-up period, outcomes,
and study design. We then assessed statistical heterogeneity
using the /% and y statistics. We regarded level of heteroge-
neity for I statistic as defined in chapter 9 of the Cochrane
Handbook for Systematic Reviews of Interventions: 0-40%
might not be important; 30—-60% may represent moderate
heterogeneity; 50-90% may represent substantial heteroge-
neity; 75-100% considerable heterogeneity. The random-
effects meta-analysis by DerSimonian and Laird method was
used as clinical, methodological, and statistical heteroge-
neity encountered. The meta-analysis was performed using
Revman 5.3 (Cochrane Collaboration, Oxford, UK).

Results
Study selection

The database search identified 3439 potential records. After
removing duplicates, 1790 titles passed the initial screen
and 271 theme-related abstracts were selected for further
full-text articles assessed for eligibility (Fig. 1). A total of
264 articles were excluded as the following; 137 non-peer-
reviewed, 26 case series, 21 non-English, 16 case reports,
14 review articles, ten letters to the editor, seven wrong
population, six commentaries, six protocols, five duplicates,
five wrong outcomes, five wrong intervention, three wrong
comparators, three wrong settings. Only seven studies were
eligible for the qualitative analysis and three studies [9, 14,
24] for EDSS lowering (final EDSS—acute EDSS) and delta
EDSS (final EDSS—baseline EDSS) were recruited in the
meta-analysis.

Study characteristics

The seven included studies were published between 2009
and 2019 (Tables 1, 2). There were four retrospective cohort
studies, two ambispective nonrandomized studies, and one
randomized control study. The number of patients per study
ranged from 11 to 185, with a total of 1211 attacks in 433
patients (383 of them were females, 88.5%). The disease
duration varied from 83.2 to 110.4 months. NMO patients
with positive AQP4-Ab were documented between 26 and
100%. Diagnosis of NMO/SD was made according to the
1999 [9, 13], 2006 [11, 13, 24], and 2015 [14, 25, 26] cri-
teria. One study also included idiopathic longitudinally
extensive transverse myelitis (LETM) [9]. The mean age of
onset varied from 34.0 to 40.3 years. The location of attack
also varied with one study allowed only transverse myelitis
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(TM) attack [9] and two studies [13, 25] included only optic
neuritis (ON) attack. The follow-up period ranged from 6
to 12 months.

In five studies, the comparator was the arm that was
treated with IVMP or high dose steroid (HD-S) 1-2 g/day
for consecutive 3—7 days. While the intervention arm were
the patients who received IVMP with subsequent treatment
with 1.0-1.5 plasma volume plasma exchange (PLEX) or
TPE for five sessions [9, 13, 14, 24, 25, 27]. Another study
had 4 treatment regimens with HD-S, PLEX, immunoad-
sorption (IA) and others [11]. For the randomized control
study, the comparator was IVMP added on with PLEX and
the intervention was simultaneous treatment with IVMP and
PLEX [26].

Quality assessment

For the risk of bias assessment, the randomized controlled
trial [26] included in this study had some concerns risk of
bias from deviation from intended intervention, missing out-
come, measurement of outcome, and selection of reported
results. For the six observational studies, [9, 11, 13, 14, 24,
25] there were high risks of bias due to confounding along

@ Springer

with measurement and reporting of outcomes. A summary
of the percentages of observational studies which were at
low, moderate, and serious risk for each risk of bias domain
(Fig. 2). Detailed risk-of-bias assessment for both rand-
omized controlled trial and observational studies are pro-
vided in the appendix.

Qualitative analysis

Two ambispective, non-randomized studies, included ON
related to NMO/SD, reported only visual outcome [13, 25].
Both declared that PLEX added on to NMO/SD patients
with an optic neuritis attack who did not respond to IVMP
alone would get more benefit with a better visual outcome
at the last follow-up visit. Merle study also demonstrated
that PLEX treatment was the only independent factor related
to a VA outcome of better than 20/200 with the odds ratio
(OR) of 6.80 (95% CI 1.2-37.4; P=0.02) [13]. Unfortu-
nately, only the Song study reported SD in association with
mean LogMAR and, therefore, the meta-analysis could not
be conducted for the visual outcome [25].

Kleiter study concluded that TPE with PLEX or IA
were superior to high dose steroid as the first-line therapy
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Table 1 (continued)

(5

Disease duration
(month); mean (range)
unless indicated

(year); mean (range)
unless indicated

Female; n (%) Age at onset/attack

Sample size AQP4-Ab positive;

Interventions
(no. attack) n (%)

Country  Study design

Springer

NR (median 79 vs 77)

Onset: 37.4 vs 40.4

11 (100.0%)

11 (100.0%)

11

()IVMP 1 g/

Thailand Randomized control

Songthamawat et al.

Attack: 45.4 vs 48.6

day X 7 days added on

trial

[26]

1PV-PLEX X5 (non-
responders)

(2) simultaneous

IVMP +PLEX
(started on day 1)

AQP4-Ab aquaporin-4 antibody, ASAP as soon as possible, EDSS Expanded Disability Status Scale, HD-S high dose steroid, /A immunoadsorption, /VIG intravenous immunoglobulin, /[VMP

intravenous methylprednisolone, NMO neuromyelitis optica, NMOSD neuromyelitis optica spectrum disorders, NR not reported, OPN oral prednisolone, PE plasma exchange, PLEX plasma

exchange, PV plasma volume, TPE therapeutic plasma exchange, VA visual acuity

especially for isolated myelitis regardless of remission
(P=0.04) rate and change in EDSS (P=0.03) [11]. In addi-
tion, multivariate generalized estimating equation (GEE)
analysis in this study showed the predictive factors of com-
plete remission included age (OR 0.97; P=0.01), presence
of myelitis (OR 0.38; P=0.002), having complete remission
from previous attack (OR 6.85; P <0.001), and having first-
line therapy with PLEX or IA rather than the other treat-
ments (OR 4.38; P=0.006).

Only Songthammawat study was a randomized control
trial comparing IVMP treatment with subsequent PLEX;
which is a common practice, and simultaneous IVMP and
PLEX [26]. It demonstrated that both treatment regimens
showed benefit over IVMP alone. However, the significant
difference between the two therapies could not be demon-
strated, perhaps due to small sample size. Nevertheless,
simultaneous IVMP and PLEX treatment tended to have a
more favourable visual outcome and a trend of a faster and
better improvement assessed by EDSS at 6 months follow-
up, although not significantly. Three studies [9, 14, 26]
reported adverse events. No major adverse event related to
PLEX treatment was reported.

Quantitative analysis

Only three studies, [9, 14, 24] which reported EDSS low-
ering and/or delta EDSS, were recruited in meta-analysis.
Bonnan and Srisupa-Olan studies showed a favourable out-
come with EDSS lowering of an acute attack with NMO/
SD treated with PLEX added on, [9, 14] whereas Abboud
study showed an EDSS improvement with the treatment
with IVMP alone [24]. Although IVMP with an add-on
PLEX showed a trend to lower EDSS at the last follow-up,
it was not significantly (mean difference — 0.68, 95% CI
—2.07-0.72) (Fig. 3).

Only Bonnan study showed a significant benefit in favour
of the treatment with IVMP added on to PLEX [9]. While
meta-analysis of the three studies showed a trend of the ben-
efit in favour the treatment with IVMP subsequent followed
by PLEX over IVMP alone; mean difference was — 0.47
(95% CI — 1.50-0.56) (Fig. 4).

The benefit of treatment with IVMP added on to PLEX
for steroid-resistant patients had a risk ratio (RR) for the
returning of EDSS to baseline at the discharge of 3.02 (95%
CI 1.34-6.81) in two studies [14, 24] and at the last follow-
up of 1.68 (95% CI 1.01-2.79) in three studies [9, 14, 24]
(Figs. 5, 6).



4555

Journal of Neurology (2021) 268:4549-4562

r00=d
‘09°01-L0'T ID
%S6 9¢°€ 0)
%S9 SA %SE 1/ e
(T0'0=d ‘89°61
—9¢' T 1D %S6
LTS 90) %1S
SA %991 D/A e
S$SAd dur[eseq > 0)
1 Juauroaoxduy
(T00=d ¥'LETT
1D %56 ‘8'9 YO)
00¢/0C<VA [euy
© 0] paje[al 10)
-oej Juapuadopur
A[uo 9y sem
juaunean Xq1d
10°0=d “%€1 sA
%9 =0t/0C> pue
00C/0C <VA [euld
(100=d)
0€/0C sA 002/0C
9 SeM VA Ul uren)
An
-An1sod HI[-OINN
Jo juopuadapur
ST Aouaronje g4
Qw02)No
19)19q © [iim paje
-100SSE ST JudW
-1redwr feseq mo[

AN

J[qe[IeAr UM
uo pappe sem
Ad ‘900¢ 9uls

yoene
JO Yoom pug  uoIssiupe | ke

uorssrupe
AN oye dVSvV

§9sAy

SSdd reuy
SLLSASY
SSdd Iipeu
SL'GSACT
SSdd sutfsseq

0S/0¢ s 00%/0C
VA [eUl ugowr

00%/0¢ sA 00%/0C

VA QuI[aseq ueaul
§'t=JUoWISSIsse

e §SOH uesw

900C ONN

(9002
Pue 6661) AS/ONN

%T €1 suoneoo]
1<%yl
wejsureIq

Jurelg ‘%1°9¢

81 SA Co=3oeny

NO ‘%T¥S WL 91 SA € =1uaned

as
/OINN pare[al

NO 219M [[V 9] $A 9 =1udned

[vel
‘T2 2 pnoqqy

[€1] 'Te 10 SN

100>d
:$°0sA 0T SSadv
100>d
‘0T —SAC0
— Sutmor §Sad
qe1 G'GSAGQ
juowraroxdwr oz (syoene SSad reuy
-IXeuw 03 GSONN G ut pakerop 088408
oy} Ul syjoene [eu Papn[oxa) SSdd Itpeu (%10 WLAT
-1ds a10A0s ur A[red uolssiupe ['EFY'S 0°6sAQ¥ Oryedorpr+(%6L) 67 SA L9=3oeNy
9< pakorduwo aq Aew g4 JToye skep ¢ ['0lF#'6 uoissiupe | Keq S84 sutfeseq 6661 OINN INL M IV 8T SA Gg=1uaned  [6] T 10 ueUUOg
pajeorpur uon
(sypuou) (skep) dINAI (sAep) (ueour) (sAep) (ueour) SSo[UN uBIpaW Yoepe  -UQAIOJUI OB JO
poriod Jo | Kep wouy yoeye wolj Jyoepe wioly YA Jo SSH [euy pasn  jo uomedsojuon  syoene/syuoned
n/A QwoonQ) XdIdorowi],  XATIdorowi],  JINAJ 03 dwi], JupeN/oureseqg ey onsouderq  -endod oyroadg JO ToquInN

SOIPN}S POPN[OUT Y} JO SSWOIINO PUL SUONUIAISNU] ¢ d|qeL

pringer

a's



Journal of Neurology (2021) 268:4549-4562

4556

(9000=d
‘8€¥S YO) S-AH
SA VI/dd Qul-I8]
pue ‘(100" >d
168'96 JO) Noene
snoradxd woly YO
(200°0=d ‘8¢-0S
MO) AN Jo @ouasard
(100=d
{L6°0S JO) o3e
Qrom sIsATeue
90O oerreAnnuw
ur YD JO SI010Ipaid
(€00=d)
SSd ur a3ueyd
pUe ($0'0=d)
9)el UOISSTWAI
Surpredar XN
PIR[OST UI 9SIN0D
Xy 18] St S-QH 0
Jorradns a1om VI/dd

QW02INo yoene Jo %S°0
soaoxdur Aderoyy JasU0 2y} Iayje umouyun) %G1
Joe)E JO UOIR[ROSH oul ¢ 1s9ye] SIYIO ‘%01 (umouyun)
sajel ‘(9s1n00 g NO+ AN €€ sA (1) 08
uorssiwar jood 0} pug 0118] ASONN ‘%v"8T NO SA (€) 8¢ sA
9ABY NO [elare[iq woly sfeataur 098A0F sod-pdOV  Pae[OST ‘%' 6S @ 61 sa (1)
AN pue XN Arenoned Sutkres) YN AN AN S$Sdd sutfeseq 10 900C ONN AN Pa1e[0S] 018=>YoenV [11] T8 19 190
paredrpur uon
(syjuour) (skep) dINAI (sAep) (ueour) (sAep) (ueour) SSo[UN UBIPAW Jyoepe  -USAJIUI OB JO
porrad Jo | Aep woiy Joe)e Woiy Jyoene wolj YA 10 SSAH [euy pesn  jo uopeooj/uon - syoene/sjuaned
n/Aa uwoonQ XH1d 01 2w, XH1d 01 2w, dINAJ 01 2], JupeN/oureseqg ey onsouderq  -endod oyroadg Jo oquunN

(ponunuoo) zsjqey

b
)
o0
£
et
(=
w
&l



4557

Journal of Neurology (2021) 268:4549-4562

(100°0>d) VA 10§
XY uo-ppe Xq1d
19136 panroxdur

99°0F 971
SA €8'0FSL'T
(V3o

<> ECC ueawx
€80F 6’1
(IVINS0D VA

ASONN
PaTRI_I NO

9 sjoene NO [V 91 AN AN duraseq et S10T ASONN eIOM IV ST sA [g=1uened  [G7] e 10 Suog
(S'1=Ssaav)
(0CMC9
SSAHd Iipeu sa
(SLT=5Sadv)
§C6—0'8 SSAd
Irpeu) sxopuodsar
~dINAI ¥4} 03
SOWO2IN0 J[q STISAGLO
-eredwoo pey SA 7 SA G0 SSAd
pue (6v'0=d autpeseq-SSAIV
‘{s1opuodsai-uou GZ'9 SA
XHTd/dINAT S0 STUCSACTSSAS
sA s1opuodsorx SSaHd reuy
-Xd1d/s1opuodsar SL'L
“UOU JINAI SL°C SA 8 SACL'S SAC9
SA XH1d moyim SSdd Ifpeu
s1opuodsar-uou GSAZSAGTSAT
dINAI 10} €70 SA S$Sdd sulfeseq
s1opuodsal-JINAIT ‘{1opuodsar-uou
10} T -Ipeu woly XHTd/dINAT
SSAAV) syiuouwr 9 sA 1opuodsax
Je JuowaAoxdwr Xd1d/1epuodsar
wnwixew pue sno -uou JINAI
-NUIUOD PIMOYS sA Xd1d ou
s1opuodsar Xq1d TI sA GsA  jropuodsar JINAT %G wajsurelq
/s1opuodsax €1 SA YN SA AN 9SAG(O] SAQ sA 1opuodsar Jurelq ‘%461 [$1]1 T8 10
9< -uou JINAI AN UBIPIN ‘UBIDIN dINAI 104 SIOTASONN  NO ‘%L9S WL 8T SA 6€=>40eNV ue[O-ednstg
paredrpur uon
(syjuour) (skep) dINAI (sAep) (ueour) (sAep) (ueour) SSo[UN UBIPAW Jyoepe  -USAJIUI OB JO
porrad Jo | Aep woiy Joe)e Woiy Jyoene wolj YA 10 SSAH [euy pesn  jo uopeooj/uon - syoene/sjuaned
n/Aa uwoonQ XH1d 01 2w, XH1d 01 2w, dINAJ 01 2], JupeN/oureseqg ey onsouderq  -endod oyroadg Jo IaquunN

(ponunuoo) zsjqey

pringer

a's



Journal of Neurology (2021) 268:4549-4562

4558

K3noe TensIA Y4 ‘o3ueyox? ewseld onnaderoy) 74 ‘SUIeAW as1aAsuel) py 7 ‘@3ueyoxd ewseld X774 ‘@3ueyoxa ewse[d 74 ‘snumau ondo N0 ‘periodar jou yy ‘s1oprosip wnnoads vondo snre
-Awomau SOWN ‘eondo snreAwomau QN ‘SHIRAW {4 ‘Ur0)oidook[S 9)A001puapoSI[o UIeAW HOJ ‘UOTIN[OSAI JO J[IUR WNWIUTW Y} JO WYIILIO] YW SOT ‘STT[AW 9SIOASURI) ATSUI)X
A[reurpmi3uo] p 777 ‘Quojostupard[Ayjowr SnouUaAenUI JA/A] ‘UI[NQO[SOUNWIWT SNOUIARIIUT HJA] (SUOSBYIOWEXIP JO duo[ostupaid[Ayjaul) ProIa)sodnIod SnoudAenul §HA7 ‘uondiospeounuruat 7
‘p1ro1ays 9sop Y31y §-gH ‘sisouserq OJAN J0J [oued [euoneuIdiu] gNdJ ‘uonenbo Sunewnss paziferoudd 770 ‘dn-mo[of 13/ ‘(SSAH 2uI[eseq—SSAH [euy) 9[eds smeis Ajiqesiq popuedxyg
BIOp SSAAV ‘SSAH Ipeu—SSAd [euy Sutiomo] §S@H ‘OTeds smels Anpiqesiq popuedxy §S@F ‘9SIeyosip )/ ‘uorssrual 9)o[dwod Yy o[qissod se uoos se JySy ‘p-utiodenbe ygoy

Apuesyru

-31s J0u y3noyjye
‘SSAH £q passesse
JuowaAoxduwr
10399 pue Ia)seJ

® JO puaI ® oAey

pue (/4 syjuowr 9
J© QWO0JINO [ensIA
9[qeIoAR)
JI0W © dARY O}
popuo} dnoi3 8T —
Xd1d +dNAI SAT'T — SSdAv
SJISIA (7' L ueaw)
/4 Jo urod own 8 SA (L9 ueau)
Aue 1e sagueyd 8 SSH Jipeu
S8y ueaur ut (8-0)
SIOUSIS[JIp Ou Inq GsAg STsA (801 %6°CY NO [oc] T80
9< Jyausq pey ylog AN S SACOI UBIPIN UBIPIN SSdd sul[aseq S10C ASONN B1'LSINL G SA g=jualied JEMEWEISUOS
paredrpur uon
(syjuour) (skep) dINAI (sAep) (ueour) (sAep) (ueour) SSo[UN UBIPAW Jyoepe  -USAJIUI OB JO
porrad Jo | Aep woiy Joe)e Woiy Jyoene wolj YA 10 SSAH [euy pesn  jo uopeooj/uon - syoene/sjuaned
n/Aa uwoonQ XH1d 01 2w, XH1d 01 2w, dINAJ 01 2], JupeN/oureseqg ey onsouderq  -endod oyroadg Jo IaquunN

(ponunuoo) zsjqey

b
)
)
5
et
|9
A
&l



Journal of Neurology (2021) 268:4549-4562

4559

Bias due to confounding

Bias due to selection of participants

Bias in classification of interventions

Bias due to deviations from intended interventions
Bias due to missing data

Bias in measurement of outcomes

Bias in selection of reported result

25% 50% 75%  100%

oT

%

- Low risk

D Moderate

risk . Serious risk

Fig.2 Review authors’ assessment about the risk of bias of included observational studies. Bars show percentages across all included observa-

tional studies

Treatment Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Bonnan 2009 -27 286 28 12 13 67 320% -1.50[2.50,-0.50] 2009 —
Abboud 2016 -0.49 203 65 -1.16 1.29 18 342% 067 [-0.10,1.44] 2016
Srisupa-Olan 2018 -2.361.89 28 11 132 39 338% -1.26[2.07,-0.45 2018 ——
Total (95% CI) 122 124 100.0% -0.68[-2.07,0.72]
Heterogeneity: Tau®=1.33; Chi*= 1597 df=2 (P =0.0003); F= 87% 14 =2 5 t i

Test for overall effect: Z=0.95 (P = 0.34)

Favours treatment Favours control

Fig. 3 Forest plot showing the effect of therapeutic plasma exchange versus high dose intravenous steroid on EDSS lowering (final EDSS—acute
EDSS) at last follo-up. CI confidence interval, /V inverse variance, SD standard deviation

Treatment Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CIl
Bonnan 2008 12 16 29 26 24 67 326% -140F222-058] 2009 Ty
Abboud 2016 1.63 1.31 65 111 16 18 328% 052F0.28,1.32] 2016
Srisupa-Olan 2018 1.28 1.16 28 181 17 39 347% -053F1.22,0.16] 2018
Total (95% CI) 122 124 100.0% -0.47 [-1.50, 0.56]
Heterogeneity: Tau®= 0.67; Chi*=10.81, df= 2 (P=0.005); F=81% 14 52 3 t i

Testfor overall effect Z= 089 (P=0.37)

Favours treatment Favours control

Fig.4 Forest plot showing the effect of therapeutic plasma exchange versus high dose intravenous steroid on delta EDSS (final EDSS—baseline
EDSS) at last follow-up. CI confidence interval, IV inverse variance, SD standard deviation

Discussion

Our meta-analysis suggests that the treatment with PLEX
as an added on therapy to IVMP were 3.02 times and 1.68
times more likely to have EDSS returning to baseline at
discharge and 6-to-12 months after the treatment, respec-
tively than IVMP alone in NMOSD patients with an acute
attack. Although not significantly, treatment with IVMP

subsequently followed by PLEX also gave a better result in
decreasing of EDSS from attack by 0.68 points and changing
EDSS by 0.47 points at the last follow-up visit comparing
to IVMP alone.

It is hard to conclude from the trials because of the het-
erogeneity of the population targets, treatment regimens,
interval time to treatment from the onset of the attack, loca-
tion of the attack and outcome measurements. Nonetheless,
the findings suggested the benefit of an add-on PLEX over
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Treatment Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Abboud 2016 )| 65 3 18 585% 286 [0.99, 8.29] ——
Srisupa-0Olan 2018 7 28 3 3/ N5% 3.25[092, 11.48] L
Total (95% CI) 93 57 100.0% 3.02 [1.34, 6.81] 7B
Total events 38 B
Heterogeneity: Tau®*= 0.00; Chi*=0.02, df=1(FP=088); F=0% 'U.DS sz é 2IZI'

Test for overall effect: 2= 2 .66 (P = 0.008)

Favours control Favours treatment

Fig.5 Forest plot showing the effect of therapeutic plasma exchange versus high dose intravenous steroid on EDSS return to baseline at dis-

charge. CI confidence interval, IV inverse variance, SD standard deviation

Treatment Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Bonnan 2009 11 29 g 67 31.3% 282[1.31,6.07] 2009 —
Abboud 2016 33 65 ] 18 356% 1.52[0.76, 3.05] 2016 T
Srisupa-0Olan 2018 9 28 1 39 331% 1.14[0.55,2.38] 2018 —
Total (95% Cl) 122 124 100.0% 1.68 [1.01, 2.79] B
Total events 53 26

it 2 — . == - - SR = : 1 : 1
Heterogeneity: Tau®=0.06; Chi*=2.91, df=2{(P=023), F=31% 0.05 0 : o0

Test for overall effect: Z2=1.959 (P = 0.05)

Favours control Favours treatment

Fig.6 Forest plot showing the effect of therapeutic plasma exchange versus high dose intravenous steroid on EDSS return to baseline at last
follow-up. CI confidence interval, IV inverse variance, SD standard deviation

standard IVMP treatment for NMOSD with an acute attack;
however, they needed more robustness to provide a high
level of evidence.

Kleiter study showed that PLEX/IA treatment was supe-
rior to HD-S if used as the first-line treatment in NMO/SD
with a myelitis attack and encourage to escalate the treat-
ment to second-line therapy if the first-line treatment did
not show benefit [11]. The preferable location for treatment
with PLEX was a spinal attack as demonstrated in Bonnan
study [9].

Bonnan study included only MY attack in NMOSD
patients, and also included idiopathic LETM [9]. The major-
ity of the patient were AQP4-negative patients. Moreover,
the median baseline EDSS of the population was at moder-
ately severe disability. The study was planned to start PLEX
as an add-on therapy 2 days after [IVMP initiation, not like
other studies that waited until patients showed steroid non-
responsive. These may imply the severe spinal cord attack
regardless of the etiology may get a better outcome with a
more EDSS lowering and changes in EDSS with an early
added on PLEX treatment to IVMP.

Nevertheless, Abboud study demonstrated similar
improvement of EDSS returning to baseline both at dis-
charge and follow-up period in added on PLEX treatment,
it was the only one in our meta-analysis showing a better
outcome assessed with EDSS lowering and changes in EDSS
in the group treated with IVMP alone [24]. These may be

@ Springer

explained by the gap difference in baseline EDSS; 2.5 in
IVMP arm vs 5.75 in PLEX added on arm. Also, the interval
from the attack onset to PLEX treatment was 2 weeks which
may decrease the maximum response from PLEX treatment
(Lazarus effect) [28].

Srisupa-Olan and Songthamawat studies imitated the
real-world practice and depicted problems in assessment
treatment response in NMOSD patients with an acute attack
[14, 26]. Up to date, there is no standard time to assess the
outcome and no specific outcome measurement. However,
the study determined the seventh day as the time to assess
steroid non-responsive, defined the scales for treatment
response and severity of the attack at each attack location.

Worsening of the clinical symptoms in patients with
NMOSD attack who has been receiving high dose steroid is
not uncommon. It may be caused by glucocorticoid resist-
ance from GCS-receptor mutations, lower GR expression
or lower DNA binding activity [29], or from other unclear
explanations.

The therapeutic mechanism of PLEX is to eliminate path-
ologic AQP4-antibody, complements, and cytokines from
blood circulation. Moreover, it causes pulsed induction of
antibody redistribution, and subsequent immunomodulatory
changes, shifting the cytokine balance and modification of
Fc receptor activation. Furthermore, it may also alter the
cellular immune response, which can involve modulation
of macrophages, NK cells or APCs, relieving conduction
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block and allowing for repairing of demyelinated lesions [17,
28]. Previous in vitro study illustrated that forming NMOSD
lesion has a temporal course and approximately on day 7 it
showed early axonal injury which will progress to neuronal
death [30]. Bonnan study also suggested that the crucial time
for the treatment of NMOSD attack should be commenced as
early as possible from the attack onset, and perhaps should
not be later than 2-3 weeks [27]. A lower level of AQP4
autoantibody titer after TPE [31, 32] and the consequence
of antibody redistribution, and immunomodulatory changes
may explain the reduction of disability in NMOSD patients
after receiving the treatment [16, 17, 28, 31]. However, the
long term outcome with maintenance intermittent TPE has
never been evaluated.

There were several limitations in this meta-analysis.
First, the difficulty to conclude the data from the heteroge-
neous characteristics of the patients, definition of treatment
response, and timing of outcome assessment. Moreover,
since NMOSD is not common, it is hard to get enough sub-
jects in each arm to make a significant difference. Second,
there is no specific outcome measurement for treatment
response in NMOSD. The EDSS, which is adopted from
MS, depends mainly on mobility and may not be adequate to
measure other domain of disabilities. The outcome measure-
ments i.e. specific score for NMOSD, cognition, visual out-
come and biomarker are underway. A collaborative randomi-
zation study including more NMOSD patients with various
types of attack and the same protocol for selecting treatment
regimens is recommended to evaluate the efficacy of TPE as
an added-on therapy to IVMP in steroid non-responsive. In
addition, the benefit of simultaneous treatment with IVMP
and PLEX over the conventional subsequent PLEX added on
IVMP when indicated is still a matter of debate.

Conclusion

This systematic review and meta-analysis suggest that
adding TPE to IVMP treatment during an acute attack in
NMOSD patients is associated with the chance to get EDSS
returning to baseline at discharge and the last follow-up, and
a trend to have lower disability measured by EDSS lower-
ing and the change in EDSS at 6—12 months, comparing to
IVMP treatment alone. However, more robustness is still
needed to provide a high level of evidence.
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