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ABSTRACT

Objective: To report the stabilization of urinary
glycosaminoglicans (GAG) excretion and clinical improvements
in patients with mucopolysaccharidosis type | (MPS |) under
an alternative dose regimen of laronidase of 1.2 mg/kg every
other week.

Methods: We participated in a dose-optimization trial for
laronidase in MPS-I patients using four alternative regimens:
0.58 mg/kg every week, 1.2 mg/kg every two weeks, 1.2 mg/kg
every week and 1.8 mg/kg every other week (EOW). After the
trial ended, the patients resumed the recommended dose and
regimen of 0.58 mg/kg every week. Under this regimen, some
patients presented difficulties in venous access and were unable
to commute weekly to the treatment center. Therefore, we
used an alternative regimen that consisted of 1.2 mg/kg EOW
in eight patients. A retrospective study of medical records of
MPS-| patients who underwent both enzyme replacement
therapy (ERT) regimens, of 0.58 mg/kg every week and 1.2 mg/
kg EOW, was done.

Results: Patients remained clinically stable under the alternative
regimen, did not present elevation of urinary GAG nor any
adverse event.

Conclusions: The switch of dose regimen to 1.2 mg/kg EOW of
laronidase was safe, and did not cause any clinical worsening
in patients who had been previously under standard dose ERT.

Keywords: Enzyme replacement therapy; Metabolism, inborn
errors; Glycosaminoglycans; Mucopolysaccharidosis I.
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RESUMO

Objetivo: Descrever a manutengdo dos niveis de glicosaminoglicano
(GAG) excretados na urina e da estabilizacdo clinica em pacientes
com mucopolissacaridose do tipo | (MPS 1) com o uso da laronidase
num regime de dose alternativo de 1,2 mg/kg a cada duas semanas.
Método: Alguns pacientes do nosso servico participaram de um estudo
de otimizacdo de dose da laronidase para o tratamento da MPS | no
qual foram comparados quatro esquemas terapéuticos: 0,58 mg/
kg/semana, 1,2 mg/kg a cada duas semanas, 1,2 mg/kg/semana e
1,8 mg/kg a cada duas semanas. Apds o término do estudo, todos
0s pacientes passaram a receber a terapia de reposicdo enzimatica
(TRE) na dose padrao de bula, que é de 0,58 mg/kg/semana, e nesse
regime alguns pais se queixaram da dificuldade em comparecer ao
centro todas as semanas, além da dificuldade de se obter acesso para
puncdo venosa. Com base nessas queixas, oito pacientes passaram
a receber a TRE no regime alternativo de 1,2 mg/kg a cada duas
semanas. Foi feito o estudo retrospectivo de dados de prontuario
de pacientes com MPS | que fizeram TRE com laronidase nas doses
0,58 mg/kg/semana e 1,2 mg/kg a cada duas semanas.
Resultados: Os pacientes mantiveram-se clinicamente estaveis,
ndo apresentaram aumento dos niveis de GAG urinarios nem
eventos adversos durante o regime alternativo de dose.
Conclusées: A mudanca para o esquema de 1,2 mg/kg de laronidase
a cada duas semanas foi segura e ndo acarretou piora clinica nos
pacientes que ja estavam em TRE na dose padrao.
Palavras-chave: Terapia de reposicdo de enzimas; Erros inatos
do metabolismo; Glicosaminoglicanos; Mucopolissacaridose |.
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INTRODUCTION

Mucopolysaccharidosis type I (MPS 1) is a genetic disease
from the lysosomal storage group, with an autosomal reces-
sive inheritance caused by mutations in the /DUA gene,
which reduce the activity of the enzyme o-L-iduronidase.’
This enzyme deficiency leads to an accumulation of gly-
cosaminoglycans (GAGs) — particularly heparan sulfate
and dermatan sulfate —, which results in varying degrees
of damage to cells, tissues, and organs.! MPS I has an esti-
mated incidence of one case per 100 thousand live births'?
and wide clinical variability, being classified according to
their phenotypic presentation into severe form — also called
Hurler Syndrome (MPS IH) (OMIM: 607014) — and atten-
uated forms — known as Hurler-Scheie Syndrome (MPS
IH-S) (OMIM: 607015) and Scheie Syndrome (MPS IS)
(OMIM: 607016). The three forms are not biochemically
distinguishable, and the onset of symptoms occurs at the
pediatric age group. MPS I is a multisystemic disease. Its
patients can show neurological, musculoskeletal, ophthal-
mologic, cardiac, and upper and lower airway involvement,
in addition to recurrent infections. Therefore, a multidisci-
plinary team should monitor them.*

Specific therapeutic options for MPS I include enzyme
replacement therapy (ERT) with laronidase (human recom-
binant a-L-iduronidase, Aldurazyme®, BioMarin/Genzyme
LCC) for patients who have the attenuated form,>* and
hematopoietic stem cell transplantation (HSCT) associ-
ated or not with ERT for patients with the severe form.**?
The standard laronidase treatment regimen consists of
an intravenous dose of 0.58 mg/kg (100 U/kg)/week,'*"
approved by regulatory agencies from the USA (Food and
Drug Administration — FDA) and Europe (European
Medicines Agency — EMA) in 2003 and the Brazilian
Health Regulatory Agency (Agéncia Nacional de Vigilincia
Sanitdria— ANVISA) in 2005.'¢ Efficacy studies of ERT,'%"
a phase IV extension study, and a safety and tolerability
study in patients younger than five years'” used urinary
GAG concentration — measured by the spectrophoto-
metric method using methylene blue!” — as a biomarker.

Our service participated in a laronidase dose-optimi-
zation trial,'® in which one regimen comprised biweekly
infusions. After 26 weeks of study, all participants were
instructed to resume the standard ERT regimen at a dose
of 0.58 mg/kg/week. In this dosing scheme, some parents
declared difficulty in obtaining venous access and visit-
ing the treatment center every week. Based on the posi-
tive experience of the trial participants under the regimen
with biweekly infusions and the complaints of parents of
patients under weekly ERT, we adopted a biweekly treatment

regimen at a dose of 1.2 mg/kg every two weeks, compar-
ing urinary GAG concentration in both the standard and
biweekly schemes.

This study aimed to report the effect of a biweekly ERT
regimen on the clinical response of patients and their urinary
GAG excretion.

METHOD

This is a retrospective study with data collected from medical
records on urinary GAGs, adherence to treatment, and clin-
ical information. The Research Ethics Committee (REC) of
Universidade Federal de Sao Paulo (Unifesp) approved this
study, under the number 0802/07.

Al MPS I patients under ERT for over a year with no infu-
sion associated reaction (IAR) and good adherence to the weekly
regimen were eligible for the biweekly dose. Out of the eight
patients who started this treatment, seven had participated in
the dose-optimization trial. The laronidase dose of 1.2 mg/kg
was reconstituted in 250 mL of 0.9% NaCl q.s. and admin-
istered by infusion pump at the speed recommended by the
manufacturer for 4 hours every two weeks.

We collected data on the presence of cardinal signs of
MPS 1, such as corneal opacity, macrocephaly, hepatospleno-
megaly, and joint limitation, in the standard regimen close
to the change to the biweekly one and after a year of per-
manence in this scheme. Information about urinary GAG
was gathered from patients with five consecutive infusions
under the standard regimen prior to the change in dose and
other five consecutive infusions after the start of the biweekly
scheme. Data were collected from medical records on reports
of adverse events in the 12 months prior and subsequent
to the change in dose regimen. Parents and guardians are
instructed to communicate the presence of a new adverse
event, and not wait to inform them only during the rou-
tine medical appointment. We assessed adherence to treat-
ment using the percentage of absences from infusions in
the 12 months prior and subsequent to the change to the
biweekly regimen.

In the molecular analysis, patients 1, 2, 3, and 8 were
screened for the three most common mutations — W402X,
Q70X, and P533R — by polymerase chain reaction (PCR)
and restriction enzyme digestion.”” Deoxyribonucleic acid
(DNA) sequencing of patient 7 was done with QIAquick
Gel Extraction kit (QIAGEN, Hilder, Germany), following
the manufacturer’s instructions, and sequenced using BigDye
Terminator v3.1 Cycle Sequencing kit (Invitrogen, Carlsbad,
CA, USA) and ABI Prism 3130x] Genetic Analyzer sequencer
(Applied Biosystems, Foster City, CA, USA).
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Patients under ERT were instructed to bring the first morn-
ing urine sample of the day of the infusion for the urinary
GAG analysis. Urinary GAG excretion was determined using
the technique described by Jong et al.,”® based on the colori-
metric reaction of methylene blue, with the upper normal limit
established for each age group listed below:

e <1 year (<35.8 mg GAG/mmol creatinine).

e 1-2 years (<16.2 mg GAG/mmol creatinine).

*  2-4 years (<14.2 mg GAG/mmol creatinine).

*  4-6 years (<9.2 mg GAG/mmol creatinine).

*  6-10 years (<9.1 mg GAG/mmol creatinine).

e 10-15 years (<6.7 mg GAG/mmol creatinine).

e 15-20 years (<4.9 mg GAG/mmol creatinine).

e 20-50 years (<3.2 mg GAG/mmol creatinine).

We measured urinary creatinine using the Biotécnica kit
(Varginha, MG, Brazil).

For the statistical analysis, we used the software GraphPad
Prism 5.0, (San Diego, CA, USA). The two-tailed Mann-
Whitney test assessed whether the difference in urinary GAG
in the two dose regimens was significant. We considered p<0.05
statistically significant.

RESULTS

This trial included eight patients (three males and five females)
with a median age of 11.4 years (6-22 years), and who were
under the standard ERT regimen for 2.1+0.3 years before
changing to the biweekly one. Table 1 presents the demographic
data of these patients.

The urinary GAG analysis showed that the values of all
patients under the biweekly regimen remained stable compared
to the standard one. Patient 2 changed age groups — adopted

for normality reference — during the trial period, but the val-
ues from her urinary GAG analysis also remained stable under
the biweekly regimen, in relation to the standard one (Figure 1
and Table 2).

All patients had typical clinical manifestations of MPS I,
such as macrocephaly, corneal opacity, and joint limitation,
which remained stable after the change to the biweekly reg-
imen, and adherence to treatment was better in this scheme
(Table 3). There were no IAR during the biweekly infusion
period.

DISCUSSION

Weekly ERT improves many MPS I symptoms, such as hep-
atosplenomegaly, forced vital capacity, and gait — measured
by the six-minute walk test.>'> A retrospective study with
35 patients under weekly ERT, aged one to ten years (mean
of 6.1 years) showed stabilization of the aortic and mitral
valvular disease in 65% of subjects, corneal opacity in 78%,
and visual acuity in 33%; moreover, visual acuity improved
for 42% of patients.”!

Our group has described the negative impact of ERT on
family routine. Most parents or guardians complain about
the time spent in the journey between home and treatment
center, as well as the duration of the infusion.? In another
study, patients with Gaucher disease who also need ERT

expressed their wish to reduce the frequency of infusions.”

Therefore, we changed the ERT dose regimen for MPS I
patients to try to minimize the inconvenience the infusions
cause in the family routine.

Urinary GAG excretion is not directly correlated with clin-
ical manifestation or response to treatment, but phase I/II/I1I

14,15,17

clinical trials used it as a biomarker, and interrupting ERT

Table 1 Demographic information of patients with mucopolysaccharidosis type .

Age at Age at Age at Age at

Patient | Gender Phenotype Genotype Consanguinit onset of diagnosis SIS regimen

(H, H-S, S) yp 9 y symptoms 9 of ERT change

(years)

(years) (years) (years)
1 M H-S P533R/P533R Yes 3 14.8 16.7 18.8
2° F H P533R/P533R No 0.3 5.2 7.9 9.9
32 F H-S P533R/P533R No 2 2.6 4.6 6.5
4b M H NP Yes 1.3 49 5.9 7.9
5b M H NP Yes 0.7 3.1 4.1 6.1
6 F H NP No 0.8 3.2 4.3 6.0
F S W402X/R383H No 2 1.9 19.6 21.8
8 F H-S W402X/P533R No 1.5 7.2 9.4 12.3

H: Hurler; H-S: Hurler-Scheie; S: Scheie; ERT: enzyme replacement therapy; M: male; F: female; NP: not performed; atwo sisters 1; btwo brothers 2.
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SR: standard regimen; BR: biweekly regimen; 2two sisters 1; °two brothers 2. The Mann-Whitney test revealed no statistically significant
difference between the two treatment regimens. The dotted lines indicate the upper normal limit for the age group. For patient 2, the
dotted line shows the upper normal limit in the standard regimen, and the dashed line, the upper normal limit in the biweekly regimen,
as the patient changed age groups.

Figure 1 Urinary glycosaminoglycan excretion in patients with mucopolysaccharidosis type | under different
laronidase dose regimens: standard regimen —0.58 mg/kg/week; biweekly regimen — 1.2 mg/kg every two weeks.

Table 2 Concentration of urinary glycosaminoglycan excretion in patients under the standard laronidase regimen of
0.58 mg/kg/week and the alternative biweekly laronidase regimen of 1.2 mg/kg every two weeks (biweekly regimen).

Patient [ 1 | 22 [ 3 | # [ s | 6 [ 7 [ 8 |
Tegmen | S oR | su jon | sk | oR | sn ) o | sk | sR ) st e | SR |sn ) s o
regimen

Median* 2.1312.18|3.11|2.20|3.59|2.68|518|564|6.18|4.27|6.51|6.72|297|2.80|3.46|3.20
Standard deviation* | 0.64 | 0.18 | 0.39 | 1.34 | 0.81 | 0.74 | 2.06 | 0.72 | 1.26 | 0.85 | 0.74 | 1.25 | 0.67 | 0.54 | 2.44 | 0.64
Minimum* 1.07 | 2.02 249|036 |2.10|2.44 | 2.71 | 468 |4.10 | 3.86 | 5.16 | 4.22 | 2.13 | 2.17 | 2.05 | 2.61
Maximum* 3.08 | 2.51 | 3.58 | 4.55| 4.46 | 4.34|8.56 | 6.45|7.99|6.19 | 7.31| 7.35|3.99 | 3.83 | 8.87 | 4.41
Normal for age* 4.9 9.1 | 6.7 9.1 9.1 9.1 9.2 3.2 6.7

SR: standard regimen; BR: biweekly regimen; *all values in mg GAG/mmol creatinine; two sisters 1; °two brothers 2.

Table 3 Clinical manifestations and adherence to the standard laronidase treatment regimen of 0.58 mg/kg/week
(standard regimen) and alternative laronidase treatment regimen of 1.2 mg/kg every two weeks (biweekly regimen).

Corneal % of adherence
Patient Macrocephaly | Hepatomegaly | Splenomegaly | Joint limitation to ERT¢

1 Yes Stable No Absent No No No No Yes Stable 84 93
22 Yes | Stable | Yes Stable No No No No Yes Stable 88 100
32 Yes | Stable | Yes Stable No No No No Yes Stable 84 93
4b Yes | Stable | Yes Stable Yes Stable No No Yes Stable 76 79
5b Yes | Stable | Yes Stable No No No No Yes Stable 72 86
6 Yes | Stable | Yes Stable No No No No Yes Stable 88 100
7 Yes | Stable No | Absent No No No No Yes Stable 72 93
8 Yes | Stable No | Absent | Yes Stable No No Yes Stable 84 100
aTwo sisters 1; °two brothers 2; cevaluated 12 months before and after changing the regimen; ERT; enzyme replacement therapy.
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led to a fast rise in its levels and return to pre-treatment val-
ues.?*? In the biweekly regimen, urinary GAG excretion did not
increase, and improvement of reversible clinical parameters that
patients had already achieved during the weekly scheme was not
compromised. Parents and guardians of the patients declared
their satisfaction in visiting the treatment center less often.

A multinational retrospective study with 20 MPS I patients
compared their clinical manifestations before ERT and under
laronidase treatment in standard and biweekly regimens®,
and revealed that most participants had hepatosplenomeg-
aly, umbilical and/or inguinal hernia, and musculoskeletal
and cardiac abnormalities at the start of ERT, remaining
stable or improving after initiating the standard treatment.
Their condition did not get worse with the change to the
biweekly regimen. Results of the urinary GAG analysis were
shown in multiples of the upper normal limit. Before starting
ERT, 19/20 patients had their urinary GAG data available, all
above the upper normal limit, with a median 8.5 times higher
than the upper normal limit (ranging from 1.7 to 148 times).
After the standard treatment regimen, 13/20 patients pre-
sented urinary GAG excretion within the normal range for
their age. Among the 7/20 who still showed elevated urinary
GAG excretion, the median was 2.1 times the upper normal
limit (ranging from 1.1 to 2.9 times). In the biweekly regi-
men, the urinary GAG excretion of 15/20 patients was within
the normal range. Among the 5/20 who remained with ele-
vated urinary GAG excretion, the median was 1.8 the upper
normal limit (ranging from 1.2 to 3.8 times).?

A limitation of the present study — and others with rare
diseases — was the small number of participants. Another
limitation — common to all retrospective studies using
data from medical records — was the lack of control of the
researcher over the original data collection, which frequently
leads to the loss of some information. Our intention was

not to describe the most effective treatment regimen, but to

REFERENCES

1. Neufeld EF, Muenzer J. The mucopolysaccharidoses.
In: Scriver CR, Beaudet AL, Sly WS, Valle D, editors. The
metabolic & molecular bases of inherited disease. 3rd. New
York: McGraw-Hill; 2001. p.3421-52.

2. Meikle PJ, Hopwood JJ, Clague AE, Carey WF. Prevalence
of lysosomal storage disorders. JAMA. 1999;281:249-54.
3. Moore D, Connock MJ, Wraith E, Lavery C. The prevalence of and

survivalin Mucopolysaccharidosis I: Hurler, Hurler-Scheie and
Scheie syndromes in the UK. Orphanet J Rare Dis. 2008;3:24.

verify if the biweekly regimen was not inferior to the weekly
one, using the single biomarker available at that time — uri-
nary GAG —, as up to that moment no study showed the
clinical effect of a larger interval between infusions, even
with twice the standard dose.

In conclusion, the biweekly laronidase regimen at 1.2 mg/kg
had no negative effect on urinary GAG excretion and clinical
parameters of patients who were previously under weekly ERT
for more than a year remained stable. Also, laronidase is con-
traindicated in the initial phase of infection, leading patients
with acute infection to lose some infusions since we had no
time slot available in the same week to reschedule that dose.
In this regard, the biweekly regimen has an advantage, as it
allows the patient to reschedule the infusion for the following
week, which is not possible in the standard regimen, facilitat-

ing adherence to treatment of 100%.

ACKNOWLEDGMENTS

We would like to thank the patients and their families; nurse
Tatiana Mourio for the medication infusions; doctors Cecilia
Micheletti, Fldvia Balbo Piazzon, Jordio Correa Neto, and
Tania Vertemati for the assistance to patients; Patricia Santos
Braghiroli, Renata O. Aquino, Carolina M. Vincent, Daiana A.
Silva, Vivien J. Coulson-Thomas for the urinary glycosamino-
glycan analysis; Dr. Emil Kakkis and Lisa Unterhill for the crit-
ical review of the manuscript; and Dr. José Augusto Carazedo

Taddei for the help in statistical analysis.

Funding
This study did not receive funding.

Conflict of Interests
Ana Maria Martins is a scientific consultant to Alexion, Biomarin,

and Genzyme. The other authors have nothing to declare.

4. Martins AM, Dualibi AP, Norato D, Takata ET, Santos ES,
Valadares ER, et al. Guidelines for the management of
mucopolysaccharidosis type I. J Pediatr. 2009;155 Suppl
4:532-46.

5. Al-Sannaa NA, Bay L, Barbouth DS, Benhayoun Y, Goizet C,

Guelbert N, et al. Early treatment with laronidase improves
clinical outcomes in patients with attenuated MPS I: a
retrospective case series analysis of nine sibships. Orphanet
J Rare Dis. 2015;10:131-9.

316

Rev Paul Pediatr. 2019;37(3):312-317



Kyosen SO et al.

10.

11.

12.

13.

14.

15.

16.

Muenzer J. Early initiation of enzyme replacement therapy
for the mucopolysaccharidoses. Mol Genet Metab.
2014;111:63-72.

Tolar J, Orchard PJ. alpha-L-iduronidase therapy for
mucopolysaccharidosis type I. Biologics. 2008;2:743-51.

Clarke LA, Wraith JE, Beck M, Kolodny EH, Pastores GM,
Muenzer J, et al. Long-term efficacy and safety of laronidase
in the treatment of mucopolysaccharidosis I. Pediatrics.
2009;123:229-40.

Aldenhoven M, Jones SA, Bonney D, Borrill RE, Coussons
M, Mercer J, et al. Hematopoietic cell transplantation for
mucopolysaccharidosis patients is safe and effective: results
afterimplementation of international guidelines. Biol Blood
Marrow Transplant. 2015;21:1106-9.

Aldenhoven M, Wynn RF, Orchard PJ, O'Meara A, Veys P,
Fischer A, et al. Long-term outcome of Hurler syndrome
patients after hematopoietic cell transplantation: an
international multicenter study. Blood. 2015;125:2164-72.

Grewal SS, Wynn R, Abdenur JE, Burton BK, Gharib M, Haase
C, etal. Safety and efficacy of enzyme replacement therapy
in combination with hematopoietic stem cell transplantation
in Hurler syndrome. Genet Med. 2005;7:143-6.

Yasuda E, Mackenzie WG, Ruhnke KD, Shimada T, Mason RW,
Zustin J, et al. Long-term follow-up of post hematopoietic
stem cell transplantation for Hurler syndrome: clinical,
biochemical, and pathological improvements. Mol Genet
Metab Rep. 2015;2:65-76.

Eisengart JB, Rudser KD, Tolar J, Orchard PJ, Kivisto T, Ziegler
RS, et al. Enzyme replacement is associated with better
cognitive outcomes after transplant in Hurler syndrome.
J Pediatr. 2013;162:375-80.

Kakkis ED, Muenzer J, Tiller GE, Waber L, Belmont J, Passage M,
etal. Enzyme-replacement therapy in mucopolysaccharidosis
I.N Engl J Med. 2001;344:182-8.

Wraith JE, Clarke LA, Beck M, Kolodny EH, Pastores
GM, Muenzer J, 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.

Brasil. Ministério da Saide. Agéncia Nacional de Vigilancia
Sanitaria — ANVISA [homepage on the Internet]. Bulrio
eletronico Brasil [cited 2017 Oct 14]. Available from: http://
www.anvisa.gov.br/datavisa/fila_bula/index.asp

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

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

Giugliani R, Rojas VM, Martins AM, Valadares ER, Clarke
JT, Gdes JE, et al. A dose-optimization trial of laronidase
(Aldurazyme) in patients with mucopolysaccharidosis I. Mol
Genet Metab. 2009;96:13-9.

Pereira VG, Martins AM, Micheletti C, D'’Almeida V.
Mutational and oxidative stress analysis in patients
with mucopolysaccharidosis type | undergoing enzyme
replacement therapy. Clin Chim Acta. 2008;387:75-9.

de Jong JG, Wevers RA, Laarakkers C, Poorthuis BJ.
Dimethylmethylene blue-based spectrophotometry of
glycosaminoglycans in untreated urine: a rapid screening
procedure for mucopolysaccharidoses. Clin Chem.
1989;35:1472-7.

Laraway S, Mercer J, Jameson E, Ashworth J, Hensman
P, Jones SA. Outcomes of Long-Term Treatment with
Laronidase in Patients with Mucopolysaccharidosis Type I.
J Pediatr. 2016;178:219-26.

Vertemati T, Micheletti C, Canossa S, Okubo R, Martins
A. Impact of ERT on familiar life. Abstracts of the Annual
Symposium of the Society for the Study of Inborn Errors
of Metabolism. J Inherit Metab Dis. 2008;31:101.

Kishnani PS, DiRocco M, Kaplan P, Mehta A, Pastores GM,
Smith SE, et al. A randomized trial comparing the efficacy
and safety of imiglucerase (Cerezyme) infusions every 4
weeks versus every 2 weeks in the maintenance therapy
of adult patients with Gaucher disease type 1. Mol Genet
Metab. 2009;96:164-70.

Anbu AT, Mercer J, Wraith JE. Effect of discontinuing of
laronidase in a patient with mucopolysaccharidosis type I.
JInherit Metab Dis. 2006;29:230-1.

Wegrzyn G, Tylki-Szymanska A, Liberek A, Piotrowska E,
Jakébkiewicz-Banecka J, Marucha J, et al. Rapid deterioration
of a patient with mucopolysaccharidosis type | during
interruption of enzyme replacement therapy. Am J Med
Genet A. 2007;143A:1925-7.

Horovitz DD, Acosta AX, Giugliani R, Hlavata A, Hlavata K,
Tchan MC, et al. Alternative laronidase dose regimen for
patients with mucopolysaccharidosis I: a multinational,
retrospective, chart review case series. Orphanet J Rare
Dis. 2016;11:51.

© 2019 Sociedade de Pediatria de Sdo Paulo. Published by Zeppelini Publishers.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

317

Rev Paul Pediatr. 2019;37(3):312-317



