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Table 6. Recommended Minimum Schedule of Assessments for MPS | (adapted by Muenzer et al.® from Pastores et al.?)

Initial Every 6 Every 12 Every Other
Assessments? Months Months Year

General
Demographics
Patient diagnosis
Medical history

Physical examination
General appearance

XXX XX
X X X

MPS | disease clinical assessments

Neurologic/CNS
* CT or MR of brain®
* MRI of spine®
« Median nerve conduction velocity
» Cognitive testing (DQ/IQ)

X X X X
X X X

Auditory
* Audiometry

X
x

Ophthalmologic
» Visual acuity
« Retinal examination
» Corneal examination

X X X
X X X

Respiratory
* FVCIFEV, X X
« Sleep study X X

Cardiac
» Echocardiogram X X
«ECG X X

Musculoskeletal
« Skeletal survey by x-ray® X X

Gastrointestinal
« Spleen volume®
« Liver volume*

xe
Xe

X X

Vitals and laboratory tests

Height/weight
Head circumference®
Blood pressure

X X X

Enzyme activity level
Urinary GAG level
Urinalysis

Xe
Xe

XXX XXX

Functional outcome measurements

MPS Health Assessment Questionnaire, or other tools X X
exploring functional ability and quality of life’

a This schedule of assessments represents the core MPS I-related disease manifestations that are assessed to stage disease progression over the life-long course
of the disease. Physicians will determine the actual frequency of necessary adjustments according to a patient's individualized need for medical care and routine
follow-up. See text for further guidance to help individualize routine follow-up.

b All tests requiring sedation are recommended only if sedation is considered to be safe for the patient.
¢ Measured in paediatric patients only, unless determined otherwise by treating physician.

4 The recommended method for obtaining organ volumes is MRI or computed tomography to enable quantitative analysis. However, if in the opinion of the
clinician, it is unsafe to sedate the patient, then ultrasound may be substituted.

* Measured in patients treated by ERT only, unless determined otherwise by treating physician.

! May not be possible in non-cooperative patients or patients younger than 5 to 6 years of age.
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MedDRA MedDRA
Frequency
System Organ Class Preferred Term
Cardiac disorders Tachycardia \ery common
Pyrexia Very common
General disorders and administration site conditions
Chills Very common
Blood pressure increased Very common
Investigations
Oxygen saturation decreased Very common

2395 3 ylilin! g ab gy w0 Cwoid (Order) 3o cgd cud o wolo 31 81/8 8 b (539 (9
JUbl sue jawass G4
214 g3 90 G Al 51 LD CudNo ol (ol oS &l 41 b (T 39 (0

JUbl sue awss G348 5 bl Ol 5 O el G



Swi oS Al 4 i slast plw sl 39 (0 51Wkiwt) 3L 0590 S nadkd Tdaw 9 1gis (9

Sl Bl LS Ol (sl (o 0553 Sl ) GaoF iy Jo  glasslleal Y
scoud 4 51 3150 g K9 30 (5L (gl yIilia!

Ol sles 53 ( rd}j)

1w g 5151 4 5 Wlo g (b 33 O eXi (T

S Lsa 5 osls 5 sy o gl ale pw Dl g

IowiS g i) Cg> Sy (D o 0319 g Sgo g 410 (P

o Wy g Ayl oy W g ume e sl (p

1Y Ol 41N g Of e

(b s a5 000) ) oo 0 (sl aies sl s Laronidase o 35 el b (ad oo 55 dls Vev) bl sl
Gad e Yor LV o) sy O0gisdl 6l o 78 Sl Jb s @
oS el S o
ik a4 5L 05) Sy @
S e
PVC G, L e
GooF S oS (i I3l 5 6 s S 1Y lOW protein binding s el aa PVC oy e @
Sy

[EUVE o



U,:JLAJL':): rﬁbv\ibﬁbb).ﬂiw\JL.{\:‘é‘wQJ;Q)jr;%ﬁ;‘)‘wbb\" aMWﬂjb)J

B3 S ks Opshl S 4 g ol G, /A4

$ 5599

o GF S Sl dsbee pmem L Al ails Sla O35 olal 1 1) 5)ls JS e S s L Dl 035 @
Yool i 035 L OBasS 5o ) sl a8 by (oSS Y 5l S 055 L 058 5a) 2 eV er Lo
A3l (S 5k
oSS @ slew 035 /0= (VL w5525 8 ) iSls oxlinal &8 oL s slaas

2 Jglne 53k 03keT g JUg

Ly . el B8 4iss Yo Y gams diow p BUI glos 0 B 5T 53 Jlawso 511 ol 5L 3550 45 oLl sldas 2
~J:3-<5(’J§6‘“1:~’)@AU)

oS B Ol Wl Jslome . S ey Glae D3 5 SO i Sl 51 Ly Jskms 05,5 s 51 13 P
eSS oslizal 1y Ll e sl o lae O3 gl b anly ) ans Jdos ST AL (g0

..L“;Séjbfmﬁejl:o\}jmqw;\‘%;sq;;LA.L’\@U@ >

e 2 S e YOO LV ) T b e 5 e S ol () St STl eslial L P
wl, ('-U")J'\ﬂ 13 Ol alae 5 A8 ol (il L3 55 50 pﬁj‘)ﬁ-m Saols g Jolas oST1, Qo 035
el BBl a3 olas 5 e ol a3 45 L5k talae . S LS

S50l 5l il 4 doled sad Sy oy L Jls e ¢ 03,8 20l 1 sl by (Sl Jrpns 2
O 155 4SS eslinad s (Sils (L5 s 5135 558 L OLS Jliy edls L3l ias et Js 5L p5Y
350 901> SU5 5 s Sl Sl il Sl (Kae gl i dd OIS 5 58 LS OIS o S

I o5 o 1 w3l Dlos (Sl o S 3 JSUIL 1 oo s 3ol Jsome a5 e 2

Jﬁ& abw‘ﬁkﬁ&b‘b LSL@J‘)}M]M‘)\J?\SML@‘ M‘)bq/' ijw



O 1y shome . 558 Jool Il plad 5o 5513 5l s w555 B A3 o 1) S35 Jgloms Sal 4 P
S ey g Ghae O3 3 g g Bl Sl ceman L dall W

Sah Gy s Sen Y B3 ik e o S Gob 3l el e ks a0 5 P

Ve Sl i L 0T (LIS 5055 eslinal a5 g 5 35 edlizad b 0 e3bel 31 e abolBl J ke >
LS OIS L s dazmie Ll Jsloe . LGS gk ol lal 0 o 518 Sl s YA gl s sl
2,7

s Bl b ls b hesls 0L (3 5 U5k 55 1) il (2l oMo Lol 81 oS Gl 53
S 2l Olays Sl S aslp G L sl sl 5L Bk s asl SO el S 5 352

Aled (68 o3Il 1y i sliad 5 O ol s (Sad O JLEs Bl Sl Sl @Ol Gyl g3 >

Al RIS s el San O 355 G rae 3 b s S5 S L Oleses LS wl3l 50T

55 1 el b pslinn (ST 515 (ST Gooy St GasF e e (0158 S5p s s3 P

J.:.”.Lu oalaal

1305 9WIT 89599 S gw a0l g9

S o gl oo Vot g G S e X505 05 p S S Y0l eS &S Sl sl p 0

Bk o g b aids V0 X (2 U/KG Jsles) csles 53 2d Ao Y LI, 5505 o ®

b o pa b aids 10X (AUMKG dslae) coli 55 1) et s p b Sloss S Sl oDl

Al ol aiss Vo X B UIKG Uslee) col s 2 o A sy dlo b Slonss S Sl oDe @

Al sl aiss 1o X (16 UKKG Jslee) celer 55 ) eV s b Slaps S Sl oDl

Al sl aiss Vo X (B2 UMKG Jslee) el 53 ) e YY o b Slopd S Sl oDl ™

Al sl aids Vo X (A3 UMKG Jsles) coler 55 1) e 87 w5 b ST pd S Sl oDl
ol aalsl 0leys OLL B e ol

Al oo i e YOU g GasF IS e Xls 05 0 B kS Y ) e S Shilen 10 @

.Jﬁ&t}ﬁ@.}\ox (2 U/kg sz)wuﬁﬁdel{b”bﬁﬁg L
Ve



ssd o paph 4i3s 10 X B UIKG Jslae) colis 53 2 e 0 s dloi Sops S Gl e ®
Al ol aiss 10 X (L0 UKKG Jslae) el 55 1) o Ve o b Slopd S Sl oDl
Al sl aiss 10 X (20 UKKG Jslae) celer 55 1) e Yo s b STopd S Sl oDl
Al ol aiss o X (A0 UKKG Jslae) coler 55 1) o b0 o b Slopd S Sl oDl
Al sl aiss 10 X B0 UKKG Jslae) celer 55 1) o Av s b STopd S Sl oDl

Ol aids V0 X (107 UKKG Jslee) sl 55 1) Joo VoV a5 b ST S Sl oD

3,13 aalsl Ole s OLL B e pl 5 L

208315 S it (5

dzd‘g..\&odbuﬁahaidua.}ﬁeﬁ

s al&zals g o
Y o PSR A e DA g

D JUb) sae paunds 358 ) Gids Sile e Sy

slass (o0 gas Oile M|

Dol S fod als

0o e [ SRRV tal g Jla

P ssled O ol O slasl asS Dc‘.u.‘.nL;LAJ):\lD seldial el D@Lﬁ)d&bé&l%ﬂ&\,ﬂ
tewls al t ol yaa 04



O <3 osed! O Enzyme Assay : oanais Giole)]
O o ple Dosls O salea : law oS5 5o (s)lan il

128 Gloya g g0

O ‘;‘Lo‘)d 8L ¢ O &Lu OL°JJ -y DuJJ-Lw A:\J:\:i -y O u_.sLo‘)J ‘a:t:)ST -\

O <3050 LIENnzyme Assay : saas aladl 4 5l 5 cud 5me slay (o2l (asdoss -\

. J‘)‘J
osbesl s 5 slans (Al bl s 5 Bl 4 a5 b golgidng (Sloyo Gliss < Some solan peaais Y
caab o O

D daias &i\}g L’SJ‘JS& ‘al.s 9 ‘at‘

:Lé.al—_).q_n :@JLQ

24l g3 yo Cuotd 31 92 A ) Cug> (5 st Ao S s 30 w0l e (G

Colo b e w Bl Gleys o 5T S s b s Sheslen i 53 slen Sdge (6 e AST 350 45
AL e

\Y



&

QMPS Solew by nia )55l

Cote S 5ol b el ol g w3 olaid b e 3T b gl Sl b g lews LI

Yo gsbew LyzDQ

J b gl s Sobwe b 25,5
JLa b
|—|—|
el byl syl
g bulyd gy
| |
Sae 4 ERT BMT
ola VY

Hurler scheie or
scheie

- e

\Y

sla VY S

L ERT

2 (Sl
JAR

ERT aslsl

Spd &g



-
: ¢ )
Wb sl - '{'f{'&rf
"é"jl 2 .
,/f e /"::/Adt\:ﬂ’/)
‘ (392 £ yow) | i 59 L (ShigS g0 53926 SLoidly g p 9
g . 390 Oleds slaws
(1 I Jeolgd OgamlSo 25l | s <L a4l
pL™ ,Jan - % thsiﬁl
o L.."‘,'.; _ 45|)| Ulf)-t'u'us UDLD
2 35T 5T T SRS | ol
N9 ™ ign e Cwds | el oley> Jskw iga ohel | cemllo
b =t . 94 e . T Caod> 130 b
) sl o sile> okt Sloss ea 1 olo e Sl kel
sla s —5)> 9 Gl oS> Cudo (Sl divl 9 Sl @SV >
; BA 351
) PIEY S olgils dila Jlos (63 ,5dee sl s > s i
ISl SVac ) Jos oblew | Y->DQ - dysostosis Sy 5slsssly pilhe 3529 > 9o b
' . FLr jlyg T
— B S5 | I BYY I PN V) o multiplex )| el
5L 5 ’ iduronidase- es 3T NIvE el -
WS Sype | BLE | s AL | B e Solow 3575 | 5 giuw Susslsesl, : el o9 Lol > | 5o pryO VR
) _ _ Sby |« .. . oo 690 p25=T Glaztioaw 09051 4> LT -L DS olo | ¥
OV (o ylS Slow> | Saan i . )i' pae BIIS 3 g5 P 9 pa i1 Olo—i > JJ,_‘ / YAl
_ Shas | Loleys . Canllyg pusd by . £y g
slod 9 o2l cwlio J9 L o 399 Ol> | @39 | Ugawlign 3929 4 0 S e - *
g - Yu) 4 51 - > 5% - - P16/3 Suwj Ogamlige 3959 » Jubl Vs =29 s Jokw
Ol BB l.;*‘"- J _ s
N 2o e P O La wils 0 solowe =550 ¢ v.<DQ > oaass | Oblen | sl
3 0Shos Sleid | s | (U/K) - oonon | £ Slesns | gy VoSDQZ | 7o Q 5 . S
L . oSl L scheie L scheie hurler b . - 33e S pu Olo
s dls |y | /s LAt | sesten | 5 ule 0 i s sddle ) g " s
108 5l i . _ )e'_').,.) Lyl B o - 4—fdl_uua |t . Y.< . abl "'" S > coles>
7ol i BE L s 5 kS eV 83 s Oyl 3Tl | e p i p=eS Gmw 9 V< DQ > e T T
- “ewl s l35) A LSl il - kY] :
s ly i | sy = e Sloss | % Ve sl Ol ag ULl il by 5 | Ol
N iy 4ids 5 | 4L Comibe> | oye | sles i | dbe 1V 25T L Olops (02i> | (b s bathe | shsSse
FEV) ( = Y0- 291> 393% sl | ¥ e Ngw bl UL s usled | JgaSle
LA G ' 235T L Oleys g sa L Ye > blg. [
I iy Oleysole 1V ™ 2o R ba » .’0 A
Jlo s 44T s 2Tl slewd 2ol g ol 1P e @ ] p23dww)
o $3,5hoc (3392 (Mog»

ST RS il g Sl gl C 1 :
2 Pl Somlen Gl) lge pledl 5 dm 5 A3l (o Tl ¥ ke 4 PO 0L 5 Ll ol Slesl b

\f




&b

1.Neufeld EF, Muenzer J. The mucopolysaccharidoses. In: Scriver C, Beaudet A, Sly W, et al., eds.
The Metabolic and Molecular Bases of Inherited Disease. New York: McGraw Hill; 2001:3421-52.
2.Muenzer J, Wraith JE, Clarke LA. Mucopolysaccharidosis I: management and treatment guidelines.
Pediatrics 2009; 123:19-29.

3.saudabery(2012)

4. Wraith JE, Alani SM. Carpal tunnel syndrome in the mucopolysaccharidoses and related disorders.
Arch Dis Child 1990;65:962-3.

5. Wraith EJ, Hopwood JJ, Fuller M, Meikle PJ, Brooks DA. Laronidase treatment of
mucopolysaccharidosis 1. BioDrugs 2005;19:1-7.

6. Nelson textbook of pediatrics-20th edition(2016)

7. Wraith JE. The first 5 years of clinical experience with laronidase enzyme replacement therapy for
mucopolysaccharidosis I. Expert Opin Pharmacother 2005;6:489-506

8. Cimaz R, Vijay S, Haase C, et al. Attenuated type | mucopolysaccharidosis in the differential
diagnosis of juvenile idiopathic arthritis: a series of 13 patients with Scheie syndrome. Clin Exp
Rheumatol 2006;24:196-202.

9. Chamoles NA, Blanco MB, Gaggioli D, Casentini C. Hurler-like phenotype: enzymatic diagnosis
in dried blood spots on filter paper. Clin Chem 2001;47:2098-102.

10. Hall CW, Liebaers I, Di Natale P, Neufeld EF. Enzymatic diagnosis of the genetic
mucopolysaccharide storage disorders. Methods Enzymol 1978;50:439-56.

11. Muenzer J. The mucopolysaccharidoses: a heterogeneous group of disorders with variable
pediatric presentations. J Pediatr 2004;144:827

12. . Wang RY, Cambray-Forker EJ, Ohanian K, et al. Treatment reduces or stabilizes brain imaging
abnormalities in patients with MPST and Il. Mol Genet Metab 2009;98:406-11.

13. Valayannopoulos V, Boddaert N, Barbier V, Le Merrer M, Caillaud C, de Lonlay P. Cognitive
and neuroradiological improvement in three patients with attenuated MPS | treated by laronidase.
Mol Genet Metab 2010;100:20-3.

14. Pastores G, Arn P, Beck M, et al. The MPS 1 registry: design, methodology, and early findings of
a global disease registry for monitoring patients with mucopolysaccharidosis type I. Mol Genet
Metab 2007;91:37-47.

15. Clarke L, Wraith JE, Beck M, et al. Long-term efficacy and safety of laronidase in the treatment
of mucopolysaccharidosis I. Pediatrics 2009;123:229-40.

10



16.Tokic V, Barisic 1, Huzjak N, Petkovic G, Fumic K, Paschke E. Enzyme replacement therapy in
two patients with an advanced severe (Hurler) phenotype of mucopolysaccharidosis I. Eur J Pediatr
2007;7:727-33.

17. Sifuentes M, Doroshow R, Hoft R, et al. A follow-up study of MPS | patients treated with
laronidase enzyme replacement therapy for 6 years. Mol Genet Metab 2007;90:171-80.

18. . Braunlin EA, Berry JM, Whitley CB. Cardiac findings after enzyme replacement
therapy for mucopolysaccharidosis type 1. Am J Cardiol 2006;98:416-8.

19.Tylki-Szymanska A, Marucha J, Jurecka A, Syczewska M, Czartoryska B. Efficacy of
recombinant human alpha-L-iduronidase (laronidase) on restricted range of motion of upper
extremities in mucopolysaccharidosis type 1 patients. J Inherit Metab Dis 2010;33:151-7.

20. Wraith JE, Clarke LA, Beck M, et al. Enzyme replacement therapy for
mucopolysaccharidosis I: a randomized, double-blinded, placebo controlled, multinational
study of recombinant human alpha-L-iduronidase (laronidase). J Pediatr 2004; 144:581-8.

21. Kakkis ED, Muenzer J, Tiller GE, et al. Enzyme-replacement therapy in
mucopolysaccharidosis I. N Engl J Med 2001;344:182-8.

22. Clarke L, Wraith JE, Beck M, et al. Long-term efficacy and safety of laronidase in the
treatment of mucopolysaccharidosis I. Pediatrics 2009;123:229-40.

23. Wraith JE, Beck M, Lane R, et al. Enzyme replacement therapy in patients who have
mucopolysaccharidosis | and are younger than 5 years: results of a multinational study of
recombinant human a-L-iduronidase (laronidase). Pediatrics 2007;120:e37-e-46.

24. Giugliani R, Muiioz Rojas V, Martins A, et al. A dose-optimization trial of laronidase
(Aldurazyme®) in patients with mucopolysaccharidosis I. Mol Genet Metab 2009;96:13-9.
25. Sifuentes M, Doroshow R, Hoft R, et al. A follow-up study of MPS | patients treated with
laronidase enzyme replacement therapy for 6 years. Mol Genet Metab 2007;90:171-80.

26. Cox-Brinkman J, Boelens JJ, Wraith JE, et al. Haematopoietic cell transplantation (HCT)
in combination with enzyme replacement therapy (ERT) in patients with Hurler syndrome.
Bone Marrow Transplant 2006;38:17-21.

27. Soni S, Hente M, Breslin N, et al. Pre-stem cell transplantation enzyme replacement
therapy in Hurler syndrome does not lead to significant antibody formation or delayed
recovery of the endogenous enzyme post-transplant: a case report. Pediatr Transplant
2007;11:563-7.

\#



28. Tolar J, Grewal SS, Bjoraker KJ, et al. Combination of enzyme replacement and
hematopoietic stem cell transplantation as therapy for Hurler syndrome. Bone Marrow
Transplant 2008;41:531-5.

29.Bijarnia S, Shaw P, Vimpani A, et al. Combined enzyme replacement and haematopoietic
stem cell transplantation in Hurler syndrome. J Paediatr Child Health 2009;45:469-72. 92.
D'Aco K, Underhill L, Rangachari L, et al. Diagnosis and treatment trends in
mucopolysaccharidosis I: findings from the MPS | Registry.Eur J Pediatr 2012; Epub ahead
of print Jan 11.

\v



