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Abstract

Metachromatic leukodystrophy (MLD) is a neuro-metabolic disorder due to arylsulfatase A deficiency, causing demyelina-
tion of the central and peripheral nervous system. Hematopoietic cell transplantation (HCT) can provide a symptomatic and
survival benefit for pre-symptomatic and early symptomatic patients by stabilizing CNS disease. This case series, however,
illustrates the occurrence of severely progressive polyneuropathy shortly after HCT in two patients with late-infantile,
one with late-juvenile, and one with adult MLD, leading to the inability to walk or sit without support. The patients had
demyelinating polyneuropathy before HCT, performed at the ages of 2 years in the first two patients and at 14 and 23 years
in the other two patients. The myeloablative conditioning regimen consisted of busulfan, fludarabine and, in one case,
rituximab, with anti-thymocyte globulin, cyclosporine, steroids, and/or mycophenolate mofetil for GvHD prophylaxis.
Polyneuropathy after HCT progressed parallel with tapering immunosuppression and paralleled bouts of infection and
graft-versus-host disease (GvHD). Differential diagnoses included MLD progression, neurological GvHD or another (auto)
inflammatory cause. Laboratory, electroneurography and pathology investigations were inconclusive. In two patients, treat-
ment with immunomodulatory drugs led to temporary improvement, but not sustained stabilization of polyneuropathy. One
patient showed recovery to pre-HCT functioning, except for a Holmes-like tremor, for which a peripheral origin cannot be
excluded. One patient showed marginal response to immunosuppressive treatment and died ten months after HCT due to
respiratory failure. The extensive diagnostic and therapeutic attempts highlight the challenge of characterizing and treating
progressive polyneuropathy in patients with MLD shortly after HCT. We advise to consider repeat electro-neurography and
possibly peripheral nerve biopsy in such patients. Nerve conduction blocks, evidence of the presence of T lymphocytes and
macrophages in the neuronal and surrounding nerve tissue, and beneficial effects of immunomodulatory drugs may indicate
a partially (auto)immune-mediated pathology. Polyneuropathy may cause major residual disease burden after HCT. MLD
patients with progressive polyneuropathy could potentially benefit from a more intensified immunomodulatory drug regime
following HCT, especially at times of immune activation.

Keywords Metachromatic leukodystrophy - ARSA gene mutation - Lysosomal storage disorder - Demyelinating
polyneuropathy - Hematopoietic cell transplantation - Immune-mediated demyelinating disease

Introduction of the central and peripheral nervous system are predomi-

nantly affected, leading to progressive demyelination and,

Metachromatic leukodystrophy (MLD, OMIM #250,100) is
an inherited lethal neurometabolic disorder caused by defi-
ciency of the lysosomal enzyme arylsulfatase A (ASA) [1].
ASA catalyzes desulfation of 3-O-sulfogalactosyl residues
(sulfatides) in glycosphingolipids, and its deficiency results
in intralysosomal sulfatide accumulation [2]. Myelin sheaths
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to a lesser extent, axonal loss [3, 4]. The most prominent
clinical features are motor and cognitive regression, ataxia,
pyramidal signs, and eventually loss of all motor function
and speech [5, 6]. Based on the age of disease onset, four
clinical types of MLD can be distinguished, including late-
infantile (<2.5 years), early-juvenile (2.5-6 years), late-
juvenile (6-16 years), and adult (> 16 years). Generally, the
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younger the age of onset, the faster the disease progression
[7-9].

Allogeneic hematopoietic cell transplantation (HCT) can
provide a symptomatic and survival benefit for presympto-
matic and early symptomatic patients with MLD [10, 11].
However, progressive polyneuropathy may cause major dis-
ease burden, despite otherwise successful HCT [12]. Our
systematic review indicates that approximately 75% of the
HCT-treated patients show a decline in nerve conduction
velocity (NCV) or deterioration of clinical symptoms [12],
but information about detailed clinical course of peripheral
polyneuropathy progression after HCT is scarce, and its
cause and pathology remain unclear. We wondered whether
progressive polyneuropathy after HCT should only be attrib-
uted to ongoing sulfatide accumulation, especially in case
of rapid deterioration shortly after treatment. Alternative
causes include neurological toxicity of HCT drugs, graft-
versus-host disease (GvHD) or another (auto)immune-medi-
ated cause [13-16]. This case series illustrates progressive
polyneuropathy in two patients with late-infantile (MLD-45
and MLD-50), one with late-juvenile (MLD-87), and one
with adult MLD (MLD-62), exemplifying the diagnostic and
therapeutic challenges in these patients.

Methods

For this patient record review study, 4 subjects with a con-
firmed diagnosis of MLD were included in the Amsterdam
Leukodystrophy Center, a Dutch nationwide expertise center
[17]. The patients were selected because their polyneuropa-
thy progressed significantly within 1 year post-HCT despite
the fact that HCT was performed early in the disease course,
and are derived from a cohort of 18 patients, the majority
diagnosed with demyelinating polyneuropathy, who have
received HCT since 2004 in the same center. Significant
progression of polyneuropathy was defined as an increase
in muscle weakness, whether accompanied by new signs
or symptoms indicating impaired sensory function and the
absence of deep tendon reflexes, leading to considerable
disability when compared to the pre-HCT status. HCT out-
comes other than polyneuropathy from part of this cohort,
including patients MLD-45 and MLD-50, were described
previously [10, 18]. The local Institutional Review Board
approved the study, and appropriate written consent was
obtained according to the Declaration of Helsinki.

Results

The four patients experiencing severe and rapidly progress-
ing polyneuropathy shortly after HCT, which significantly
contributed to their inability to walk or sit without support,

are described in detail in the supplementary material. In
summary, all had signs of a severe demyelinating senso-
rimotor polyneuropathy on neurological examination and
nerve conduction studies before HCT performed at the ages
of two years in patients MLD-45 and MLD-50, 14 years
in MLD-87, and 23 years in MLD-62. Cognitive function
was normal for age in MLD-45, MLD-50, and MLD-62 and
below average but in line with school level and stable in
MLD-87. An overview of patient characteristics, test results,
and treatment details before and after HCT is presented in
Table 1. All patients achieved full-donor chimerism in blood
at 1 month post-HCT. Post-HCT course was complicated by
multiple viral infections, acute-GvHD varying from grade
1 (MLD-45 and MLD-50) to grade 3 (MLD-62), diabetes
dysregulation (only in MLD-62), and slow restitution of T
lymphocytes (only in MLD-45).

In MLD-45, post-HCT complications resulted in delayed
tapering of prednisone and replacement of cyclosporine with
mycophenolate mofetil (MMF). Her first episode of polyneu-
ropathy progression occurred at 9 months post-HCT when
MMF was tapered. A second episode of polyneuropathy pro-
gression was observed at 15 months post-HCT after taper-
ing both MMF and prednisone. The differential diagnosis
during both episodes included MLD flare-up, neurological
GvHD or another (auto)immune-mediated cause, includ-
ing Guillain—Barre Syndrome (GBS) and chronic inflam-
matory demyelinating polyneuropathy (CIDP). Brain MRI
and cognitive function were stable since the first MRI at
6 months post-HCT showed initial worsening of white mat-
ter abnormalities and cerebral atrophy (LOES score increase
from 3 to 8). No signs of infection or GvHD of other organs
existed. During the first episode, an initial dose of intrave-
nous immunoglobulins (IVIG) did not have clinical effects,
but after increasing prednisone dose and restarting MMF a
clear clinical improvement was observed. The second epi-
sode improved upon a combination treatment of IVIG and
MMF. After 13 months, treatment with IVIG was aborted as
no further improvement was observed. Treatment with MMF
was stopped 2 years later as her polyneuropathy continued
to slowly progress. At that time, her brain white matter
abnormalities were still stable compared to pre-HCT. Until
her passing at 11 years post-HCT, she remained interactive
but severely disabled, primarily due to her polyneuropathy.
Infrequent spasms suggested the presence of pyramidal
symptoms, which were mitigated by her polyneuropathy.

In MLD-50, a slight increase in polyneuropathy was
noticed 3 weeks post-HCT, leading to delayed tapering of
prednisone with subsequent clinical improvement. A second
episode of polyneuropathy progression occurred at 3 months
post-HCT after he had a viral infection parallel to decreasing
his prednisone dose. Differential diagnoses included MLD
flare-up, CMV reactivation, another viral infection, GvHD,
or another (auto)immune-mediated cause, including GBS

@ Springer



Journal of Neurology (2024) 271:4028-4038

4030

AU/3uW 091

sIeok 1
VN
sw g
sw 9

sw g

S/w €T
S/ Sl
S/ ee
S/ 61

V'N
S/w €T
S/ 19

Il
191008 SHOT-A'TIN ‘Aydome Teqo[3
PIIW pue sANI[euIouqe J3Yew YA

(IN-A-DSIM) 2L =01
suSts eprweIAd pue J0UIaI) [BID
-Je[1q ‘@duaunuodut ‘doIp Jooj prrw
‘SAN[NOLJIP OUB[RQ PUB UOIRUIPIOOD)

QUIUTEAIO [OWW/[OWU ()¢
urojoxd Swyy £ 1/[owu €
(oxd1¢TstH'd) D<VT6972
(s&1p8entD d) V <DOSTT

SIeIA $1
SIBIA 71

orruaAn[-ae]

LSNdI ‘SIIPs 1ojowr duy
paonpar APYSI[S ‘SsouIswn(d [eIoUaD)

Jrewroq

AU/3u 091

s1eak €7
Sw 6l
Sw 9|
sw G

V'N

S/ur Gl
S/uel
S/uree

V'N
asuodsar oN
asuodsar oN

V'N

Cl 21038 SHOT-A'TN
‘Aydome Teqo[3 prwa pue senIewW
-Iouqe Jo)jew )IYM SAISU)XT

(IN-TTI-SIVM) 66 =01

doxp
J00J P[IW pUB SONI[BULIOUQE AIOSUIS

QUIUTEAIO [OWW/[OWU [()E

urojoxd Swyy £ 1/[0wu 9
(no18zyoId d) 1L <D€8T1
(no18zyoId d) 1L <D€8T1

s1eak €7
sreak 7z

Jnpy

sajeqerp 1 2d4) paqjonuods A[x00g
S[BIN

AU/3uW 091

syjuowr /g
V'N
V'N
V'N
sw 6

V'N

V'N

V'N

S/ Gl
V'N

V'N
asuodsar oN

T 91008 SHO'T
-A'TIA ‘uoneutjoku pakefap AIp[IA

(IN-II-AISD) TTT=IdN

eruojodAy pue doip ooy
IIM SANNOYJIP Tun[em JAISSAIT0Id
V'N
J[qe10319puN)
(dxrzegsrv-d) L<OPLITD
(no1pg01d°d) L<DISTD

syuow G
SYIUOW ¢7

J[muBUI-e T

SunjTem Juopuadopur PpAAIYOR JOAIN

S[BN

/3w 091

syIuow G
sw 6
sw /
sw 6

swQf

S/ 9|

s/u 9
asuodsar oN
asuodsar oN
V'N
asuodsar oN
asuodsar oN

€ 191008 SHOT-A'TIAL ‘senHew
-JIouqe Jo)ew Ay dyroadsuou opy
-qns pue uoneur[eAw pake[op A[pIiA

(IN-TI-A1S9) 101 =1AN

s1soyd ‘snwsiqens
‘SQUOJSI[IW JOJOW SSOIT pakeaq
V'N
urojoxd Swy/y £ [/[owu
(sk7LLTRIrd) VVUIDLIOPTEST0E] ™
(0D V<DI+59%

SyIuow €7
syuow /|

S[nuejuI-9)e ]
Sunyrem juopuadapur
PAASIYOE ISAU ‘YMIQ QINJBWAI]

orewraq

sulqerepn|q

Sutuonipuod [OH

LOH Je 93y
(1010W) QAIAU [RIQL],
(10j0W) QAIAU [BIUOIJ
(1010W) QAIAU JRU[)
(1010W) SAIQU UBIPIIA

SIsougerp je Aouoje[ Jojow [BISI
(1010W) AIAU [RIQL],
(10j0W) QAIAU [RIUOIJ
(1010W) AIAU JRU[)
(1010W1) 9AIQU UBIPIIA
(AI0SUQS) 9AIOU [RING
(AI0SUas) aAIdU JRU)
(AI0SUQS) 9AIOU UBIPIIN]

sIsou
-Se1p 18 LI100[9A UOTIONPUOD JATIN

LOH 210joq TYIN urerq

(1san)
1DH 2I0Joq Suruonouny oAnmuso)

LDH 210j2q swojdwAg
UOTJAIOXd opNej[ns AIeuLif)
sisouSerp je AJIANoR VSV [enpIsoy
¢RIV
|EA4
suoneINW YSyy
sisougerq
uoneIuAsAIg
je 33y
od&y TN

KI01STY [EOIPOW JUBAQ[DY

pel

L8-ATN

C9-A'TN

0S-A'TN

SY-A'TN

ejep dn-mo[[oj pue ‘s[relop [DH ‘SONSLIOBIRYD juaned | 3|qel

pringer

AQs



4031

Journal of Neurology (2024) 271:4028-4038

(@swg
(@ swzl
(9 swor

Q) s ge
@ sy
(@ sy gr
() asuodsar oN

(@) spu gz

(€) 0T :91008 SHO'T
-dTIN ‘Aydome Teqo[3 pue sonijewr
-IOUQE J2)Je IYM JAISUXI J[qeIS

(G) QUIUNEBAIO [OWW/[OWU GET
(2) urojoxd Suyy £ 1/[0UU 48
V'N

() %001
%86

IDH-1s0d skep 1

(1swg
(1) sw e
(1) swy

(1) spu gz
(1) sy gz

(1) s/ ¢
(1) asuodsar oN

(1) asuodsar oN

(6) 91 121008 SHOT-A'TA
‘Aydome Teqo[3 prwr pue senIewW
-IOUQE 2Bl IYM JAISU)XI J[qBIS

(S) QuIuneaId [oww/[owu g7 |

(¢) urdgoxd Swyy £ [/[0wu £9]
VN

(1) %001
%66

LOH-1s0d skep of

V'N
V'N
V'N

V'N
V'N
VN
VN
VN

(syruow 1) O :9109s SHO'T

- TN ‘s19qy- 93 jo Surreds

YA SONI[EWLIOUqE JOJeW IYM
asnyip pue Aydone [8qO[3 219AS

V'N

V'N
urojoxd Swyy £ 1/[0wu /8

V'N
%L6

I1DH-1s0d skep 1

(¢)sw g
V'N
(g)sw L

(€) s g
V'N
(€) s g
V'N
(€) s e

(6) 8 :9100s SHO'T
-ATIN ‘SenI[eULIOUqe J9)jeWl 9JIyMm
J1qess ym Aydoxe [eqo[3 219A9S

V'N

(¢) urojord Suryy £ [/[0WU Q6T
urejord Suiy £ [/[0wu 8T

(€) %001
%L6

LOH-1s0d skep /]

(10j0wW) 9AISU TRIQL],
(1030W) IAIIU [BAUOIJ
(1010UI) QAIQU JRU[)
(sreaf ur
N) LDH Ik Aouaje[ J0jowl [BISI(
(1010W) QAIAU TRIQL],
(10j0UI) QAIQU [BAUOIdJ
(1010WI) QAIQU JRU[)
(AI10SUQS) 9AIOU TRING

(A10SUDS) 9AIOU JRUT)

(sredk ur Ng) 1OH
191Je AJIO0[OA UOTIONPUOD JATIN

(s1eak ur n,g)
NAsAe[Ie LOH Ioije [YIN utelq

(sreak ur Ng) LOH
I9)Je UOTJAIOXS 9pneJns A1eurin

(s1eak ur N,]) N 1S9 T
SYIUOW OM],
LOH 1sye A)IAnoe ySV

(s1eak ur N,]) N 1S9
yuowr U

LOH 19)je WSLIdWIYO Jouo

(00§ <IUnod
[rydonnau 9ynjosqe) juaunjerduyg

93j0omog 01Jomo oI 93j0mog 93jomog Suryoyew v'1H
(pajeraiun) pooq pIo) (pajeaIun) morrew auoyg (pajeraiun) pooq pIo) (paje[a1un) pooiq pio) 2IN0S
S[rejap Jouoq
(Juownyearn; aur1odso[oAd (LOH-1s0d (yuounean
A JUSLINOU0D) ABp/3y/3W ()G syjuow ¢ pajenur) Aep/3y/3w (g Quriodso[oAd 19yye) Aep/3y/3w (0G mojouwr Aejoudydook
Kep/7/3w 0$T-00¢T Kep/7/3w 0$T—00T Kep/7/3w 0$T-00T Aep/7/3w 0ST—00T (pa1esiey) sutiodso[dk)
Kep/3y/3w | V'N Kep/3y/3w | Kep/3y/3wt | QuUOSIUpAI]
SyBw gy SyBw g, 38w o1 Sy/3w 01 oLV
asop Sunireys ur srxejAydord (qAD
Tw/3w G/ ¢ qeurxmry
T/4:3W 06 /43w 06 T/4:3W 06 /43w 06 (pa1e31es) UBINSNg
L8-ATN 9-d'TN 0S-d'TN S-ATN

(ponunuoo) | sjqey

pringer

As



4032 ournal o \]elll()l()g 2024) 271:4028-4038

S
IgG, additional test resullti
s al1-
ides low serum IgG, a tter abnorm
and CIDP. Besides MRI showed white rgaaftef treatment
normal. Brain MRI ediate period aft vement
were d in the imm linical impro
oz ties as expeCt.C e from 2 to 12). Cli e of IVIG and
O g OES score increas nt with one dos st-HCT
jan) D (L fter treatme 9 months po .
2 g was observed aft ne dose. When at her viral infection
= . niso othe:
Y 5 increasing pred ing was resumed and .an de of polyneuropa-
T2 prednisone tape;nged from a third episo rticosteroids and
s d, he suffer ing to IVIG, co infection;
2 occurred, he esponding . iral) infection;
S5 hy progression not resp indicated a mild (vi Repeated
R &5 ¢ pr Blood examination X-ray were negative. bnor
—~ S . -T . T a -
E 842 MM and chest hite matte
B 2z uncture ion of the w 0). He
= 332 2 lumbar p ression . se to 20).
~ | & Rz S hOWed prog core increa.
% |z 3% brain MRI s hy (LOES s ilure
alg 2~ o . ere atrop iratory failure.
s |2 - malities and SEV post-HCT from reSplrz;tpoilyneuropath}’ was
& 8 . ths : ion o iffer-
g8 d 10 mon erioratio e differ
g S §0 die LD_62, a severe det ost-HCT Weeks.. Th HD
T35S e Qo e e P urological GvHD,
g g 2 observed durlng. luded GBS, CIDP, ne. ations were nor-
b = 1
& E 8 ) iaonosis inc lood examin leuko-
Q5 ential diag r HCT. B ein and leu
% 3 z or MLD flare-up aftee showed elevated Protd IVIG resulted
- mal, lumbar p uncT}i methylprednisolone a1111 was hospital-
= , e
8 E (cé) cytes. Treatment wi Two months later, iral infections,
—~ ECS ytes. 2re ovement. intestinal vira
2 SE= in rapid impr iratory and inte . HD treatment
G 059 ultiple respir topenia. Gv i as
Sz ZE% ized for H(l} HD flare-up and pancy losporine tapering w d
| & = 8 0 . inal Gv ile cyc con
212| z5: with MME s aborted. whi rhe developed ¢ e
Z [~ g 3% with MM ther three weeks later, ression and becam
S EaC slowed. Ano id polyneuropathy prog ent with IVIG WE?S
8 E = episode of rapid p ithin one day. Treatment tic and antivi-
2 ~ "5'2 Wheelchalr bound W eeks ()f emplrlc antlplone and hydro'
53¢ d after three w es of predniso other
= = restarte arying dOSag inical effect. An
~ 3 = 5 1 therapy and v . immediate clini id clinical
) 873 ra . thout im . ed rapi
Q Q= = . albeit wi tion show n-
5 2% cortisone, his motor functior I neuropathy co
5] uE 3 weeks later, his periphera i I abnor-
2 £8F four Subsequently, ile his brain MR
: = = . . vement. H Whlle 1 . e il’l the
o | £ _8 g’n 2z 1mpro riorate gradua Y, ) initial increas )
A1g] 22% tinued to deter ble following an -HCT, with a
alg 0 2= .. ained sta . nths post
Sle| 23 LOES soore from 12 10 16 s mo
|2 §9% ore fro h
5 é:% LOES se f5.4 years. ing of polyneuropathy
g £58 follow-up o 87, a sudden worsen ting with fever from a
& 123 LD-87, T, startin tere-
L = e = In M ost-HC > al bac
p . S ; coce
f N 3 en noticed 7 week P egative Staphylo. ecovery
s R was . oagulase neg Ited in full r )
2 < g line-associated ¢ ith prednisolone resu incapaCitaung
= = 23 E mia. Treatment wi H(F;T level except for a? st results were
% T2 g % of function to pre- Although additional . eheral origin of
8| 2 g X tremor of both arms. s-like tremor, a perip or decreased
2 17} €S- .
S| g < E ] tive of a Holm luded. Her trem laxis.
Y1815 254 sugges 1d not be exclu GVHD prophy
2 (3] 2 &3 E the tremor could n cyclosporine as Gv dopa/carbidopa
! n
S|z | & R g slightly after stopping opranolol and levo T, her tremor
2 =8 S ent effects of prop ears post-HCT, ni-
S 5 s & Treatm . . Nearly three y otor and Ccog
S <SS fying. . verall m . d
s 5= o were unsatisty itating, while her o duction studies an
£ 3z . ci ’ u i
3 :» § § remains 1ncapaas well as her nerve cOnn initial increase in
> s*= 3 i s ing a —
2| E 0F o tive functions malities—followl.ng onths post-HCT
AR o 8 brain MRI abnO; 11 t0 20 within 6 m lines of progres-
~ = | E 2z 3 re from . timeli
3 Cl = 8¢ the LOES .scod stable ever since. The dulatory treatments
2 o - g have remaine athy and immunomo
= L =z 23 F uro
g 5| 2 P sion of polyneurop
~ = ) =
- S 5
2| 151248
(]
[
&) Springer



Journal of Neurology (2024) 271:4028-4038

4033

before and in the first year after HCT are shown for all four
patients in Fig. 1.

In MLD-45 and MLD-50, examination of the sural nerve
was performed at the second episode of polyneuropathy
progression and postmortem, respectively. Findings are

diagnosis  myeloblative conditioning HCT

Busulfan exposure- Cyclosporine targeted trough
ATG 10 mg/kg targeted to 90 mg*h/L concentration of 200-250 mg/L

Prednisone 1 mg/kg, normal tapering  (+ pulses up to 10 mg/kg)

Fludarabine 160 mg/m?

month-2 day-7-day-5 day-5-day-2 day 0

day 17:

full donor engraftment

A MLD-45, age at HCT: 25 months

diagnosis  myeloblative conditioning HCT

Busulfan exposure- Cyclosporine targeted trough
ATG 10 mg/kg targeted to 90 mg*h/L concentration of 200-250 mg/L
Delayed tapering of prednisone 1 mg

day 0 |* day 0 —month 3 *

Fludarabine 160 mg/m?

month-2  day-7-day-5 day-5-day-2

day 0 — month 4

displayed in Fig. 2. Histopathology showed a segmental
demyelinating neuropathy with signs of remyelination,
secondary axonal degeneration, and sparse perineural and
intraneural macrophages and CD3 + T lymphocytes with-
out significant inflammatory infiltration. All macrophages

GVHD prophylaxis

MMF 50 mg/kg/day, slowly tapered
Delayed tapering of prednisone

MMF 50 mg/kg/day restarted
Increase in prednisone
month 10-12

|
1 mg/kg
viG

month 4 - month 10

GVHD prophylaxis death

Increase in prednisone, delayed MMF 50 mg/kg/da
apering examethasone
.4 mg/kg/da

nth 9 — month 10

month 3 — month 9

day 14: 1 mg/kg IVIG 1 mg/kg IVIG
B MLD-50, age at HCT: 27 months full donor engraftment
Methylprednisolone 500 mg/day
IVIG 400 mg/kg/day . Methylprednisolone
diagnosis myeloblative conditioning HCT |M5c infusions GVHD prophylaxis 1000 mg/day
Busulfan exposure- Cyclosporine targeted trough Delayed tapering of Prednisone 1 mg/kg/dgy, slowly tapered
ATG 7.5 mg/kg targeted to 90 mg*h/L concentration of 200-250 mg/L  cyclosporin
Fludarabine 160 mg/m? MMF 50 mg/kg/day
month -5 day -7 —day -5 day-5-day-2 day 0 day 0 — month 3 month 4 § month 6 month 6 — month 17

day 40:
C MLD-62, age at HCT: 23 years

diagnosis myeloblative conditioning HCT

full donor engraftment

IVIG 2 g/kg
Prednisone 30 mg/day

GVvHD prophylaxis

Prednisone 1 mg/kg/day, slowly tapered
m Rituximab

ATG 10 mg/kg Busulfan exposure: Cyclosporine targeted trough
Rituximabm  targeted to 90 mg*h/L concentration of 200-250 mg/L -
375 mg/m2 day -9 Fludarabine 160 mg/m? Prednisone 1 mg/kg, normal tapering 375 mg/m2 day 32

nionth -3  day-14-day-8 day-5-day-2 day 0

day 14:

full donor engraftment

D wmip-87, age at HCT: 14 years

Fig.1 Timeline of immunomodulatory treatments and progres-
sion of polyneuropathy. Onset of progression or polyneuropathy is
indicated with stars. In MLD-45 A, successful engraftment with
full-donor chimerism was achieved seventeen days after allogeneic
hematopoietic cell transplantation (HCT). Post-HCT complica-
tions resulted in delayed tapering of prednisone and replacement of
cyclosporine with mycophenolate mofetil (MMF). Polyneuropathy
progressed after tapering of immunosuppressive therapy. MLD-50
B had successful engraftment with full-donor chimerism fourteen
days after HCT. Three weeks after HCT, his polyneuropathy slightly
progressed resulting in delayed tapering of prednisone. A second
episode of progression of polyneuropathy was treated by one dose
of 1 mg/kg intravenous immunoglobulins (IVIG) and an increase in
prednisone dose with subsequent clinical improvement. When pred-
nisone tapering was resumed, his polyneuropathy progressed again,
eventually leading to death 10 months after HCT. MLD-62 C expe-
rienced progressive polyneuropathy over three weeks post-HCT that
improved rapidly after treatment with methylprednisolone and IVIG.
A second episode of rapidly progressive polyneuropathy occurred

day 0 — month 2

month 2 -12

three weeks after abortion of MMF treatment and slowed tapering
of cyclosporine. Treatment with IVIG, in addition to prednisolone
treatment of suspected viral retinitis, resulted in no or only limited
clinical improvement. Four weeks later, his polyneuropathy rapidly
improved after initiating high-dose prednisone treatment of bronchi-
olitis obliterans syndrome. MLD-87 D experienced a severe increase
in polyneuropathy 7 weeks post-HCT, after she suffered from a line-
associated coagulase negative staphylococcal sepsis. Treatment with
prednisolone resulted in full recovery of motor function to pre-HCT
level except for an incapacitating tremor of both arms. Her tremor
decreased slightly after stopping cyclosporine as GvHD prophylaxis,
but almost 3 years after HCT, her tremor is still incapacitating despite
treatment with propranolol and levodopa/carbidopa. As HCT condi-
tioning regimen in MLD-87 included rituximab, she required immu-
noglobulin substitution for 6 months (0.4 g/L IVIG every 3 weeks,
followed by immunoglobulins 4 g every week subcutaneously) to
maintain serum IgG levels (not shown in figure). ATG anti-thymocyte
globulin, GvHD graft-versus-host disease, HCT hematopoietic cell
transplantation, /VIG: MMF mycophenolate mofetil
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Fig.2 Sural nerve in cross section. A Semi-thin staining for electron
microscopy shows barely myelinated and unmyelinated axons, mye-
lination of larger axons with thin myelin sheets, signs of secondary
axonal degeneration, and macrophages (closed arrow) and Schwann
cells (open arrow) loaded with granular material (MLD-50). B Tolui-
dine blue staining of the sural nerve reveals only macrophages that

were patient-derived and loaded with sulfatides. No donor
macrophages were present in the nerve tissue, in contrast
to brain white matter in MLD-50, where presence of donor
cells could be confirmed [18]. Patient-derived and donor-
derived lymphocytes could not be distinguished, but based
on the full-donor chimerism in blood of both patients it
was most likely that all tissue lymphocytes were probably
donor-derived.

Discussion

We describe four patients with MLD with significant clinical
progression of polyneuropathy after HCT, in parallel with
tapering of their immunosuppressive drugs and in three of
them with stable brain MRI at the time. Treatment with
steroids (prednisone/prednisolone), MMF and IVIG led
to partial clinical improvement/stabilization, but not sus-
tained stabilization of polyneuropathy, except for one. The
presence of T lymphocytes in the neuronal and surround-
ing tissue, which is not observed in untreated patients with
MLD, in combination with the initial beneficial effects of
immunomodulatory drugs suggest a partially (auto)immune-
mediated cause of rapid polyneuropathy progression in these
transplanted patients with pre-existent MLD induced demy-
elinating polyneuropathy.

Several MLD cases concurring with or mimicking
immune-mediated demyelinating diseases have previously
been published, including GBS (n=9) [3, 14, 19-23], CIDP
(n=28) [22, 24-28], multiple encephalopathic episodes
(n=2) [29, 30] and attacks of acute tumefactive cerebral
lesions (n=4) [29, 31-33]. None of these patients had been
treated with HCT at the time of these manifestations.

The patients reported here had all been treated with allo-
genic HCT. Immune-mediated demyelination is a known
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e N CCD3

contain toluidine blue positive metachromatic material (purple) indi-
cating accumulated sulfatides. No donor macrophages were present
(MLD-45). C Immunohistochemical staining for CD3 shows the pres-
ence of immunopositive T lymphocytes (arrows) in neuronal and sur-
rounding tissue (MLD-45)

complication of HCT [15, 16, 34—44]. After HCT, a decrease
in immune tolerance while awaiting immune reconstitution
may foster the emergence of an immune-mediated demyeli-
nating disease, either induced by auto-reactive patient cells
or alloreactive donor-derived cells [15]. In light of the previ-
ously published non-transplanted cases [3, 14, 19-33], pre-
existing MLD-related damage to the nerves and brain may
render individuals with MLD generally more susceptible to
(auto)immune-mediated demyelinating diseases. In addition,
the higher rate of infections during the immunosuppression
period may increase the risk of GBS or CIDP [15].
Immune-mediated polyneuropathies after HCT are typi-
cally classified as GBS or CIDP in association with GvHD
(GvHD-associated GBS/CIDP) or as GBS or CIDP due to
an aberrant immunological response to antecedent infec-
tion (classical GBS/CIDP) [16, 35, 37]. Comparable to our
patients, symptoms of both GvHD-associated and classical
GBS/CIDP often emerge after immunosuppressive drug
tapering, and recovery after treatment varies [15, 34—43].
Treatment response is probably dependent on the underly-
ing pathology, with classical GBS/CIDP responding better
to IVIG and plasma exchange and GvHD-associated GBS/
CIDP to corticosteroids, calcineurin inhibitors, and MMF
[37]. Distinction between classical and GvHD-associated
GBS/CIDP can, however, be difficult as they share patho-
logical features and GvHD-associated GBS/CIDP may
develop when other GVHD manifestations are absent [35].
CSF examination is often normal except for elevated protein
level [15, 16, 37, 44], which is common in MLD [8]. Nerve
biopsy might be helpful as significant infiltration of donor-
derived (alloreactive) CD8 + T lymphocytes would support
GvHD-associated GBS/CIDP and its absence classical GBS/
CIDP [15]. Nonetheless, classical GBS due to CMV infec-
tion after HCT can also be mediated by peripheral expansion
of CD8 + T lymphocytes [42]. In addition, an autoimmune



Journal of Neurology (2024) 271:4028-4038

4035

mechanism could also be sustained by residual patient’s
plasma cells producing autoantibodies and a decrease in
immune tolerance [35, 43]. We advise close clinical moni-
toring of signs of infection and (systemic) GvHD, and care-
ful consideration of repeat electroneurography and possibly
peripheral nerve biopsy in these patients. Additionally, the
option of repeated skin biopsies for morphological analy-
sis of dermal myelinated nerve fibers could also be con-
sidered [45]. Gaining further insight into the progression
of peripheral neuropathy may improve tailored therapy in
individual cases and enhance our understanding of MLD
pathophysiology.

Our patients had a history of (low-grade) acute-GvHD
and a temporal relationship between tapering of immunosup-
pression, worsening of polyneuropathy, and improvement
after reinitiating immunosuppression, suggesting GvHD-
associated GBS/CIDP. In MLD-45, this was supported by
the lack of an infection. Nevertheless, examination of the
sural nerve of MLD-45 and MLD-50 did not reveal signifi-
cant infiltration of probably donor-derived T lymphocytes.
Instead, the macrophages present were all patient-derived,
suggesting classical GBS/CIDP. Especially classical CIDP
may respond to steroids and MMF, and antecedent infec-
tions might be absent [16]. Treatment response to IVIG in
MLD-45, MLD-62, and MLD-87 although temporarily,
additionally supports classical GBS/CIDP as (partial) cause
of rapid progression after HCT. In addition, MLD-50 had
multiple viral infections and a history of CMV reactivation
after HCT, one of the most common viral triggers of GBS.
The lack of treatment response to IVIG in this patient might
be explained by insufficient dosing based on treating low
IgG serum levels and not GBS. In MLD-62, no sural nerve
biopsy was performed and the presence of both intestinal
GvHD flare-up and several viral infections prior to the pro-
gression of polyneuropathy further complicates a retrospec-
tive diagnosis. Importantly, his history of type 1 diabetes and
blood glucose dysregulation after HCT could have played an
additional role for fluctuation of polyneuropathy. Although
rapid improvement of peripheral nerve function due to better
control of blood glucose levels is unlikely [46], diabetes type
1 is a potential risk factor for CIDP and other autoimmune
disorders [16, 47].

Given that sural nerve biopsies revealed no metabolic
competent donor macrophages, in contrast to post-HCT
brain white matter [18], and only one patient experienced
sustained stabilization of polyneuropathy following treat-
ment, it is highly probable that MLD disease progression
contributes significantly to the long-term deterioration of
polyneuropathy in transplanted patients with MLD, despite
stable white matter abnormalities observed on brain MRI.
Neither HCT nor immunomodulatory drugs appear to miti-
gate this progression. Indeed, in late-infantile cases (MLD-
45 and MLD-50), rapid polyneuropathy progression aligns

with the expected natural course of the disease at their ages
[48]. Importantly, such cases would likely not be considered
suitable candidates for HCT today due to its inefficacy in
late-infantile MLD. Pre-symptomatic late-infantile and pre-
and early-symptomatic early-juvenile patients are now eligi-
ble for treatment with atidarsagene autotemcel (Libmeldy™,
Orchard Therapeutics), an ex vivo autologous hematopoietic
stem and progenitor cell-based gene therapy that produces
a functional version of the ASA enzyme at supra-physio-
logical concentrations. Fumagalli et al. demonstrated that
late-infantile patients treated with atidarsagene autotemcel
exhibited significantly improved nerve conduction velocities
compared to age-matched natural history control patients
at 2 and 3 years post-treatment, although results in early-
juvenile patients were variable [49]. Notably, no cases of
rapid polyneuropathy progression shortly after treatment
with atidarsagene autotemcel have been documented thus
far, indicating the potential for genetically modified blood
cells to migrate into the peripheral nervous system and dif-
ferentiate into ASA-producing endoneural macrophages.
Alternatively, the elevated levels of ASA achieved by the
therapy may facilitate enzyme penetration of the peripheral
nerves [49].

The typical course of polyneuropathy progression in
late-juvenile and adult MLD generally remains stable [48].
However, it is plausible that polyneuropathy progression was
triggered post-HCT, akin to the previously documented pro-
gression of white matter abnormalities and atrophy on brain
MRI within the first year post-treatment [10]. HCT-related
drug toxicity, particularly cyclosporine, may have addition-
ally contributed to the rapid progression of polyneuropathy
in all patients. Nonetheless, it’s noteworthy that most drug-
induced toxic neuropathies are axonal in origin and tend
to improve rather than worsen following cessation of the
offending drug [16].

An important limitation of our study is the lack of a defin-
itive cause for peripheral neuropathy. This emphasizes the
challenge of characterizing progressive polyneuropathy in
HCT-treated patients with MLD and the need for additional
research. Another limitation is that, due to the retrospec-
tive study design, our findings rely on the accuracy of the
patient records and on the performed tests and treatments
in a clinical care setting, e.g., no nerve conduction study at
time of clinical polyneuropathy progression was performed
in MLD-50 and MLD-62. In addition, no nerve biopsy was
performed in MLD-62 and MLD-87, and it is uncertain if
the observed T lymphocytes in the biopsies of MLD-45 and
MLD-50 are donor- or patient-derived, although the latter is
less likely considering the short lifespan of T lymphocytes
and full-donor chimerism in blood of all patients achieved
months before examination. Besides this, it is impossible
to establish cause and effect. The goal of this paper was to
gain more knowledge on progressive polyneuropathy shortly

@ Springer



4036

Journal of Neurology (2024) 271:4028-4038

after HCT. Therefore, we did not compare patients with and
without progression of polyneuropathy following HCT.

Lastly, it is important to highlight that the long-term
disability observed in our patients was influenced by the
involvement of both the central and peripheral nervous sys-
tems. Similar to the cases of patients MLD-4 and MLD-
37 described by Al-Saady et al. [50], we observed signs of
slowly progressive pyramidal symptoms in MLD-45 and
MLD-62, as well as gradual cognitive decline in MLD-62
during long-term follow-up.

In conclusion, characterizing progressive demyelinating
neuropathy, as occurring in some MLD patients treated with
HCT, is challenging. Why central and peripheral myelin
behave differently in response to HCT, is not understood.
This knowledge gap needs to be filled to help physicians
making the correct diagnosis and selecting the most effec-
tive treatment. Severe peripheral neuropathy is immensely
debilitating. The findings in our transplanted patients with
rapid polyneuropathy progression parallel with tapering of
their immunosuppressive drugs suggest a partially (auto)
immune-mediated pathology. Therefore, it might be consid-
ered to add or increase immunomodulatory drugs in patients
with MLD and progressive polyneuropathy following HCT,
especially during periods of suspected immune activation
such as infection, and GvHD.
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