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Nie mann-Pick C (NPC) is a fatal pro gres sive neu ro lip i do sis. Mi glu stat, an inhib i tor of gly co sphin go lipid 

syn the sis, has been pro posed to treat patients but ques tions remain regard ing its ef cacy. A major prob-

lem has been the lack of suit able objec tive ef cacy end points. Three adults with NPC were treated with 

mi glu stat for 24 months. Ef cacy of treat ment was assessed clin i cally and using brain mag netic res o-

nance spec tros copy. All patients reported mild clin i cal improve ment or sta bil iza tion. Fur ther more, a sus-

tained decrease in the cho line/cre a tine ratio was observed in all three patients over time. Although these 

preliminary results require con fr ma tion on a larger cohort of patients, they sug gest that mi glu stat has 

some ben e f cial effect on brain dys func tion in NPC and that MRS could be used rou tinely as a non inva sive 

sur ro gate marker of treat ment ef cacy.

© 2008 Else vier Inc. All rights reserved.
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Intro duc tion

Nie mann-Pick dis ease type C (NPC) is a pro gres sive neu ro log-

i cal lyso somal stor age dis ease of auto so mal reces sive inher i tance. 

NPC arises from muta tions in two genes, NPC1 (95% of patients) 

and NPC2, that play a role in intra cel lu lar cho les terol and gly co-

lipid traf ck ing [1]. While large amounts of free cho les terol accu-

mu late in periph e ral organs, the most con spic u ous stor age in brain 

con cerns glyco sphingolipids, essen tially GM2 and GM3 gan glio-

sides. Mech a nisms by which gan glio sides accu mu late are prob a-

bly multiple and the rela tion ship between gly co lipid stor age and 

abnor mal i ties in cho les terol trans port are still con tro ver sial. Neu-

ro log i cal signs of NPC arise both from neu ro nal loss and neu ro nal 

dys func tion [2]. While symp toms related to cell loss are less likely 

to be improved by treat ments, restor ing cel lu lar homeo sta sis by 
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any ther a peu tic approach could poten tially reverse cel lu lar dys-

func tion and then pro vide clin i cal sta bil iza tion or improve ment.

Adult forms of NPC are char ac ter ized by psy chi at ric  dis or ders,

ver ti cal supra nu clear gaze palsy, cer e bel lar ataxia, cog ni tive

 def  cits, move ment dis or ders, gelas tic cat a plexy and hepa to splen-

o meg aly [3]. Death occurs on aver age 12 years after the onset of

psy chi at ric or neu ro log i cal signs. N-butyl-de oxy noj ir i my cin(NB-

DNJ, OGT 918, mi glu stat) is an inhib i tor of glu co syl cer a mide syn-

the tase, cur rently approved for the treat ment of Gaucher type

I dis ease [4]. It also inhib its the bio syn the sis of all gly co lip ids

derived from the glu co syl cer a mide pre cur sor, among which most

gan glio sides. Con se quently, this com pound has been tested in ani-

mal mod els of NPC: treat ment with mi glu stat delayed onset of

neu ro log i cal symp toms, pro longed sur vival and improved brain

neu ro pa thol ogy [5]. How ever, in humans, results are equiv o cal.

Sev eral case reports described some sta bil iza tion or improve ment

in adult patients but not in chil dren [6–8]: as in Gaucher dis ease

type II, early onset forms of NPC are usu ally more severe, rap idly
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pro gress and are there fore less acces si ble to treat ments. A recent 

open-ran dom ized con trolled trial in patients with a late onset dis-

ease, reported sta bil iza tion or improve ment of hor i zon tal sac cade 

veloc ity, swal low ing and ambu la tory index, how ever, sta tis ti cal 

dif fer ence was weak [9].

A major prob lem in pre vi ous tri als with mi glu stat in NPC has 

been the lack of quan ti f able objec tive mark ers that could be pre-

dic tive of clin i cal ef cacy. Neu ro log i cal exam i na tion can be quan-

ti fed through clin i cal scales but these are not fully appro pri ate to 

NPC: given the slow mech a nism of action of mi glu stat, as observed 

in Gaucher dis ease [10] and given the prob a ble irre vers ible neu ro-

nal dam age, a rapid clin i cal improve ment is not expected.

Here we report the fol low up with MRS of three patients treated 

with mi glu stat for 24 months. Inter est ingly, we observed a decrease 

of the cho line/cre a tine ratio in all three patients.

Meth ods

From March 2006 to Decem ber 2008, nine patients with NPC 

were treated with mi glu stat off license in France. Patients who 

accessed to treat ment had rel a tive late-onset-dis eases (juve-

nile or adult forms) and were rel a tively auton o mous i.e., with out 

gas tric tube, demen tia or severe psy chi at ric prob lems. Fol low up 

with serial brain MRS was obtained in three patients fol lowed at 

the Pi tié-Sal pêtrière Hos pi tal (Paris). Only these three patients 

are reported here. All patients were treated ini tially with a dose 

of 600 mg/day that was decreased to 300 mg after 3–6 months in 

two patients (patients 1 and 3) because of adverse effects (severe 

weight loss in patient 1, increased tremor in patient 3). Clin i cal 

records were per formed by the same inves ti ga tor (FS). The clin i cal 

dis abil ity scale was cal cu lated as pre vi ously reported [11]: ambu-

la tion score (A) var ies from 1 (nor mal) to 5 (Wheel chair bond); 

manip u la tion (M) from 1 (nor mal) to 4 (requires assis tance in all 

activ i ties); lan guage (L) from 1 (nor mal) to 5 (absence of com mu-

ni ca tion); swal low ing (S) from 1 (nor mal) to 4 (naso gas tric tube or 

gas tric but ton).

Mag netic res o nance (MR) imag ing and spec tros copy were per-

formed on a 1.5 MR unit (Gen eral Elec tric, WI) and included T1, 

FLAIR, T2-weighted sequences, and sin gle voxel MRS acqui si tions 

at long echo time (TR = 1500 ms, TE = 135 ms) in the white mat-
Please cite this article in press as: D. Gal a naud et al., 24 month-treatmen

Genet. Metab. (2008), doi:10.1016/j.ymgme.2008.10.002

Table 1

Char ac ter is tics of patients at base line and clin i cal evo lu tion with treat ment.

Cases Gen der Cur rent age 

(years)

Age at neu ro-

log i cal onset (y)

Geno type Major Clin i ca

signs at treat-

ment onset

1 F 23 19 p.V950M/ 

p.I1061T

Psy, Cog, At, 

Dys, VSO, Sm

2 M 21 17 p.I1061T/ 

p.G538R

Cog, Dys, VSO

Hea, Sm

3 M 38 16 p.G992R/ 

p.N452fs

Cog, Md, At, 

VSO, Sm

Abbre vi a tions: At, ataxia; Cog, cog ni tive dis or der (exclud ing psy chi at ric symp toms); Dy

meg aly; VSO, ver ti cal supra nuclear oph thal mo ple gia.
 a See the meth ods sec tion.
ter (cen trum ovale or semi ovale), basal gan glia and cer e bel lum. 

Because of var i abil ity of the qual ity of spec tra in these two last 

regions, only results in the white mat ter could be reli ably ana lysed. 

Res o nance of cho line (Cho), cre a tine (Cr), N-acetyl aspar tate (NAA) 

as well as Cho/Cr and NAA/Cr ratios were auto mat i cally quan ti fed 

by the soft ware pro vided by the man u fac turer (Probe Q, Gen eral 

Elec tric Med i cal Sys tems, Mil wau kee, WI).

Results

Clin i cal data

The clin i cal, bio log i cal and genetic char ac ter is tics of the three 

patients have been pre vi ously reported [3]. Patients 1–3 in the 

pres ent study cor re spond to cases 11, 13 and 7, respec tively, in 

Se vin et al. [3]. Main clin i cal char ac ter is tics, geno types, and clinical 

evolution under treatment with miglustat are sum ma rized in 

Table 1. Clin i cal evo lu tion under treat ment with mi glu stat is sum-

ma rized in Table 2. In brief, after 24 months of treat ment, all three 

patients exhib ited mild improve ment or sta bil iza tion regard ing 

swal low ing, dys ar thria, aware ness or ambu la tion. Improve ment 

was the most obvi ous in patient 1: after 18 months, this patient 

did not pres ent any para noid delu sion (acute epi sodes of delu sion 

occurred around twice a year before treat ment, and she had mild 

para noid delu sion in between these attacks), she did not fall any-

more (falls were fre quent before treat ment) and she did not pres-

ent any dys pha gia whereas dys pha gia occurred once daily before 

treat ment. Patient 2 remained essen tially sta ble after 12 months 

(last fol low up) with some improve ment of dys pha gia: dys pha gia 

occurred at least three times a week before treat ment as com pared 

to once a month after treat ment. Clin i cal improve ment was more 

dif  cult to estab lish in patient 3: although this patient reported 

some improve ment of dys ar thria and atten tion after 18 months, 

his gait wors ened dur ing the same period of time (Table 1).

MRI and MR spec tros copy (MRS)

MRS and MRI were obtained at base line and after 12 (M12), 18 

(M18) and 24 (M24) months in all patients except in patient 2 for 

whom the MRS at M18 could not be per formed.
t with miglustat of three patients with Niemann-Pick disease ..., Mol. 

l Dos age of 

mi glu stat

clin i cal evo-

lu tion at last 

fol low up

Adverse 

effects

Dis abil ity 

scalea at 

base line 

(total)

Dis abil ity 

scalea at 

month 24 

(total)

200 mg tid 

M0 to M6 

100 mg tid 

M6 to M24

Improve-

ment of 

walking, 

swal low ing, 

dys ar thria 

and aware-

ness

Weight loss, 

diar rhea

A3 M2 L2 S3 

(10/18)

A2 M2 L2 S2 

(8/18)

, 200 mg tid 

M0 to M24

Slight 

improve-

ment of 

swal low ing 

and dy sar-

thia

None A2 M2 L2 S3 

(9/18)

A2 M2 L2 S2 

(8/18)

200 mg tid 

M0 to M3 

100 mg tid 

M3 to M24

Improve-

ment of dys-

ar thria and 

aware ness. 

wors en ing 

of gait

Wors en ing 

of myoc lo-

nus revers-

ible after 

decreased 

dos age

A4 M4 2 S2 

(12/18)

A5 M4 L2 S2 

(13/18)

s, dys to nia, F, female; Hea, hear ing loss; M, male; Psy, psy chi at ric signs; Sm, spleno-
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Table 2

Mea sure ments of main met a bolic peak ratios in the cen trum semi ovale in three 

patients treated with mi glu stat for 24 months.

Patients Cho/Cr NAA/Cr

Base line M12 M18 M24 Base line M12 M18 M24

Patient 1 1.2414 1.2609 0.9383 0.762 2.069 2.304 2.136 2.143

Patient 2 1.4167 1.2466 NA 1.0545 2 1.973 NA 1.982

Patient 3 1.2759 1.27 1.0727 1.12 2.3 2.26 2.127 2.576

Mean val ues 1.31 1.26 1.01 0.98 2.12 2.18 2.13 2.23

M12, M18, M24 val ues after 12, 18 and 24 months of treat ment with mi glu stat, NA, 

non avail able. Cho/Cr and NAA/Cr ratios were cal cu lated auto mat i cally from the raw 

data using the Probe Q soft ware. Position of the voxel of inter est is shown in Fig. 1.
Brain MRI at base line did not show any abnor mal i ties in patients 

1 and 2 but showed cer e bel lar atro phy in patient 3 (not shown). The 

MRS Cho line (Cho)/cre a tine (Cr) and Nace tyl aspar tate (NAA)/Cr 

were auto mat i cally cal cu lated in the brain white mat ter (cen trum 

ovale or semio vale). Posi tions of the vox els and qual ity of spec tra are 

shown in Fig. 1. Cho is con sid ered as a marker of mem brane destruc-

tion or gli o sis whereas NAA is believed to reflect neu ro nal via bil-

ity. In all patients, MRS fol low up dur ing the frst year of treat ment 

(M12) showed an ini tial sta bil iza tion of these ratios (Table 2 and 

Fig. 1). How ever, after 18 and 24 months, a decrease in the Cho/Cr 

ratio was observed in all patients (Table 2 and Fig. 1). More pre cisely, 

in patient 1, the Cho/Cr ratio dropped from 1.24 at base line to 0.94 

after 18 months and 0.76 after 24 months. In patient 2; this ratio 

dropped from 1.42 at base line to 1.05 after 24 months and in patient 

3 it dropped from 1.28 at base line to 1.07 after 18 months and 1.12 

after 24 months. Over all, the mean Cho/Cr value, dropped from 1.31 

at base line to 1.01 after 18 months and 0.98 after 24 months. Cho/Cr 

val ues after 24 months of treat ment were close to val ues usu ally 

obtained in con trol sub jects in the brain white mat ter that is around 

1.1 [12, our unpub lished data]. Dur ing the same period, the mean 

NAA/Cr ratio remained sta ble (Table 2 and Fig. 1).
Please cite this article in press as: D. Gal a naud et al., 24 month-treatmen
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Fig. 1. MRS spec tra and voxel posi tions. M0, M12, M18, M24: MRS spec tra at base line an

al ized by a dot ted rect an gle. Note that Cho/Cr decreases over time in all patients. Cho, c
Dis cus sion

We observed a sus tained decrease in the Cho/Cr ratio in three 

NPC patients treated with mi glu stat for up to 24 months. This 

ratio decreased after 18 months of treat ment and was observed 

whatever the dose of mi glu stat (600 mg vs 300 mg/day). Since 

Cho/Cr is con sid ered as a marker of brain dys func tion, it is sug-

gested that mi glu stat has a ben e f cial effect over time. Inter est-

ingly, the same effect was observed in patient 3 who had 22 years 

of symp tom atic dis ease ver sus 4 years in patients 1 and 2 sug gest-

ing that even in advanced stages, some brain dys func tion may still 

be revers ible.

This study has impor tant meth od o log i cal lim i ta tions.

First, the small num ber of patients did not allow valid sta tis ti-

cal anal y sis. It is assumed that all results reported here need to be 

con frmed in a larger cohort of patients.

Sec ond, this is an uncon trolled study. We did not per form 

sequen tial brain MRI in untreated NPC patients so that we do not 

have a pre cise idea of the nat u ral evo lu tion of MRS in NPC. In the 

worst case, the change in Cho/Cr ratios observed in our patients 

could sim ply rep re sent pro gres sive changes in the white mat ter of 

patients as get ting older and sicker over a 2-year period. Although 

we can not exclude for mally this pos si bil ity, we do not favor it for 

two rea sons: (1) Cho/Cr was about the same in patient 3 with a 

more advanced dis ease as com pared to patients 1 and 2. (2)  Dis ease 

pro gres sion is expected to cause a decrease in NAA (con sid ered as 

a marker of neu ro nal via bil ity) and an increase in  cho line (con-

sid ered as a marker of mem brane destruc tion or gli o sis) [13,14]. 

How ever, NAA remained sta ble dur ing 24 months whereas cho-

line decreased dur ing the same time sug gest ing a direct effect of 

mi glu stat.

Third, some vari a tions in the position and size of the vol ume of 

inter est could account for Cho/Cr decrease. This may be the case 

for the last exam i na tion of patient 1, and such a var i a tion is dif -
t with miglustat of three patients with Niemann-Pick disease ..., Mol. 
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cult to avoid in dis abled patients, even with care ful repo si tion ing

in the mag net. How ever, it is unlikely that var i a tion in the voxel

size or position is respon si ble for the decrease in the Cho/Cr ratio

observed at all time points in all patients.

Fourth, the choice of the cere bral white mat ter (cen trum ovale

or semi ovale) to fol low dis ease’s pro gres sion seems par a dox i cal

since NPC mainly affects basal gan glia, cer e bel lum or brain stem

[1]. This choice was moti vated by practical con sid er ations: MRS

spec tra were of bet ter qual ity in this region com pared to cer e bel-

lum or basal gan glia.

Fifth, it is still not known, to what extent spec tro scopic changes

can be trans lated into clin i cal improve ment. While the MRS

changes are encour ag ing, their clin i cal and path o log i cal sig nif -

cance is elu sive. Indeed, the clin i cal out comes in our patients as in

pre vi ous stud ies were at best mod est.

MRS has been used for many years in the diag no sis and fol low

up of ner vous sys tem dis eases includ ing inborn errors of metab-

o lism [14]. Although abnor mal i ties in metab o lite peaks have

lim ited diag nos tic value, they may con sti tute use ful quan ti ta tive

sur ro gate mark ers to mon i tor treat ment ef cacy. For instance,

in patients with adre no leu ko dys tro phy, the ef cacy of bone

mar row trans plan ta tion is cor re lated in indi vid ual cases with

a decrease in Cho and an increase in NAA [15]. While MRS has

been pro posed to mea sure neu ro nal dys func tion in vivo in NPC it

has not been used in ther a peu tic tri als so far [13]. The pro ce dure

used in our study is how ever, very sim ple: it is based on a sin gle

voxel acqui si tion in the cen trum ovale or semio vale at long echo

time with a sim ple auto matic ratio cal cu la tion by the machine.

Although results reported here need to be con frmed, they sug-

gest that (1) MRS could be used rou tinely as a non inva sive quan-

ti ta tive and objec tive sur ro gate marker of treat ment ef cacy and

(2) treat ment with mi glu stat should be ef ca cious in NPC after

a rel a tive long period of time and this effect would exist even in

advanced stages of the dis ease. The need for com pre hen sive stud-

ies of the course of untreated NPC in a large mul ti cen ter series of

patients with the dif fer ent cat e go ries of clin i cal pre sen ta tion is

increas ingly press ing if we are to gain fur ther use ful ther a peu tic

insight into this dis or der.
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