
R E V I E W

Clinical Utility of Elosulfase Alfa in the Treatment 
of Morquio A Syndrome

Chung-Lin Lee1–5 

Chih-Kuang Chuang6,7 

Huei-Ching Chiu1 

Ru-Yi Tu6 

Yun-Ting Lo5 

Ya-Hui Chang1,5 

Shuan-Pei Lin1,3,5,6,8 

Hsiang-Yu Lin 1,3–6,9

1Department of Pediatrics, MacKay 
Memorial Hospital, Taipei, Taiwan; 
2Institute of Clinical Medicine, National 
Yang-Ming Chiao-Tung University, Taipei, 
Taiwan; 3Department of Medicine, 
MacKay Medical College, New Taipei 
City, Taiwan; 4MacKay Junior College of 
Medicine, Nursing and Management, 
Taipei, Taiwan; 5Department of Rare 
Disease Center, MacKay Memorial 
Hospital, Taipei, Taiwan; 6Division of 
Genetics and Metabolism, Department of 
Medical Research, MacKay Memorial 
Hospital, Taipei, Taiwan; 7College of 
Medicine, Fu-Jen Catholic University, 
Taipei, Taiwan; 8Department of Infant and 
Child Care, National Taipei University of 
Nursing and Health Sciences, Taipei, 
Taiwan; 9Department of Medical 
Research, China Medical University 
Hospital, China Medical University, 
Taichung, Taiwan 

Abstract: Mucopolysaccharidosis type IVA (MPS IVA or Morquio A) is an autosomal 
recessive disorder and is one of the lysosomal storage diseases. Patients with MPS IVA have 
a striking skeletal phenotype but normal intellect. The phenotypic continuum of MPS IVA 
ranges from severe and rapid progress to mild and slow progress. The diagnosis of MPS IVA 
is usually suspected based on abnormal bone findings and dysplasia on physical examination 
and radiographic investigation in the preschool years. In the past, only supportive care was 
available. Due to the early and severe skeletal abnormalities, the orthopedic specialist was 
usually the main care provider. However, patients need aggressive monitoring and manage-
ment of their systemic disease. Therefore, they need an interdisciplinary team for their care, 
comprising medical geneticists, cardiologists, pulmonary specialists, gastroenterologists, 
otolaryngologists, audiologists, and ophthalmologists. After the US Food and Drug 
Administration approved elosulfase alfa in 2014, patients older than 5 years could benefit 
from this treatment. Clinical trials showed clinically meaningful improvements with once- 
a-week intravenous dosing (2.0 mg/kg per week), significantly improving the 6min walk test, 
the 3min stair climb test, and respiratory function when compared with placebo. Elosulfase 
alfa is well-tolerated, and there is a good response indicated by decreasing urine 
glycosaminoglycans. 
Keywords: elosulfasealfa, enzyme replacement therapy, GALNS, lysosomal storage 
disorder, Morquio A, MPS IVA, mucopolysaccharidosis

Introduction
Mucopolysaccharidosis IVA (MPS IVA, Morquio A syndrome, Morquio–Brailsford 
syndrome, OMIM 253000) is a lysosomal storage disease (LSD). It is an inherited 
autosomal recessive disorder characterized by a deficiency in the enzyme 
N-acetylgalactosamine-6-sulfatase (GALNS; EC 3.1.6.4) due to mutations of the 
GALNS gene. The result is an accumulation of the glycosaminoglycans (GAGs), 
keratan sulfate (KS), and chondroitin-6-sulfate (C6S) in the tissues, bones, and 
major organs.1‒5

Morquio A syndrome was first described by a pediatric physician, Dr. Luis 
Morquio, from Uruguay, and an English radiologist, Dr. James Brailsford, from 
Birmingham, UK, in 1929.6,7 Therefore, the disease is sometimes called the 
Morquio–Brailsford syndrome. Dr. Morquio described 4 siblings from a Swedish 
family with corneal clouding, aortic valve disease, and high levels of urinary KS 
(uKS).6

The prevalence of MPS IVA is 1/323,000 in Denmark, 1/599,000 in the UK, 1/ 
926,000 in Australia, and 1/1,872,000 in Malaysia. The birth prevalence rate of MPS 
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IVA ranges from 1/71,000 in the United Arab Emirates to 1/ 
500,000 in Japan.8,9 Patients with Morquio A syndrome 
appear healthy at birth and, subsequently, develop multiorgan 
signs and symptoms. They may be diagnosed as early as 6 
months old.

The GALNS gene is located on chromosome 16q24.10 

It contains 14 exons with 2339 base pairs and is approxi-
mately 50 kb. It encodes a 522-amino acid enzyme. There 
are numerous heterogeneous mutations of the GALNS gene 
which can occur throughout the coding sequence. 
According to ClinVar Database, as of August 2021, 738 
known variants of the GALNS gene were found, of which 
276 are pathogenic or likely pathogenic, 327 are of 
unknown clinical significance, and 135 are benign or 
likely benign.

The signs and symptoms of patients with MPS IVA 
include short stature for their age with a short neck, 
abnormal skeletal development and spinal deformities, 
joint hypermobility and laxity, genu valgum (knock 
knees), large elbows and wrists, a waddling gait, and 
a bell-shaped chest. They may have deficient tooth 
enamel, abnormal heart development, respiratory com-
promise, corneal clouding, hearing impairment, and mild 
hepatosplenomegaly11‒16. Patients also have greater 
anesthetic risks because they have macroglossia, tempor-
omandibular joint stiffness, difficult or failed intubations, 
abnormal laryngeal anatomy, trachea deformity, and sub-
glottic narrowing.17 Figure 1 showed computed tomogra-
phy angiogram in a 16-year-old boy with MPS IVA.18 

The deficient enzyme activity and resulting abnormal 
GAG excretion can be detected in the first trimester.19,20

Compared with other types of MPS, Morquio A does 
not involve the brain or cause significant impairment of 
cognitive development.21,22 The range of clinical manifes-
tations is diverse in Morquio A. Due to the genetic hetero-
geneity, a spectrum of disease progression is present (ie, 
severe/classical, intermediate, and mild/attenuated). 
Patients with milder “nonclassical/attenuated” forms can 
have a normal life expectancy.23 According to a study by 
Lavery et al,24 the main cause of death in nearly two-thirds 
of patients (63%) with Morquio A is respiratory failure. 
Other causes are cardiac failure (11%), posttraumatic 
organ failure (11%), complications of surgery (11%), and 
myocardial infarction (4%).

Diagnosis of Morquio A
Morquio A syndrome is initially suspected because of the 
appearance of the symptoms described above. However, 

differentiating it from other disorders is difficult because 
of its heterogeneous expressions, which may delay the 
diagnosis.23,25 At ages 2 to 3 years, the symptoms progress 
due to a significant GAG accumulation in the tissues, 
bones, and organs. Because there is a natural decline in 
uKS levels with age, age-appropriate reference ranges in 
screening tests are needed to avoid false negatives, espe-
cially in older patients.26,27 To confirm the diagnosis of 
Morquio A syndrome, we must detect low GALNS activ-
ity in leukocytes and fibroblasts and perform molecular 
testing.23,26

Management of Morquio A
A multidisciplinary approach is necessary for managing 
Morquio A. Having orthopedic intervention in MPS IVA 
patients is important.28 They need an experienced anesthe-
sia care team because of the possible airway complications 
secondary to GAGs accumulation in the upper and lower 
airways. There may be odontoid hypoplasia, impaired 
respiratory function, and cardiac problems.29,30 

Appropriate growth charts should be used to avoid severe 
growth abnormalities in children.4 Because of the abnorm-
alities of the spine and malalignment of both upper and 
lower extremities, MPS IVA patients usually have disabil-
ities. They should have a close evaluation by orthopedics 
specialists and neurosurgeons at least annually. Because of 
the risk of spinal cord compression, they should have 
a neurological examination at least every 6 months, 
including annual radiography of the spine and lower extre-
mities and whole-spine MRI or when clinically indicated.

The involvement of a pulmonary specialist is needed to 
manage respiratory compromise and sleep apnea.28,31,32 

A cardiology team should also closely follow patients to 
monitor and treat valvular heart disease.33,34 For hearing 
impairment, an audiology team should treat them aggres-
sively as necessary, and eye examinations and intervention 
for corneal clouding will help to optimize visual outcomes.3 

If patients have conductive hearing loss due to middle ear 
fluid, they should be treated with ventilation tubes. Patients 
should have slit lamp biomicroscope of the cornea. If vision 
is reduced due to corneal clouding, keratoplasty is consid-
ered. Although hepatomegaly is not acutely dangerous, other 
organs may be affected by the size of the liver because MPS 
IVA patients have short stature. Furthermore, pain and cos-
metic difficulties may develop due to dental abnormalities if 
patients do not have appropriate dental care early.3 To reduce 
the total number of hospital visits and facilitate care 
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coordination, multidisciplinary clinics can improve patient 
satisfaction and quality of life.

The care team needs to improve the learning and social 
environment for MPS IVA patients due to their numerous 
systemic complications. MPS IVA patients have normal 
intelligence; thus, optimizing the environment and neuro-
logic protection can prevent damage and facilitate good 
outcomes for patients.28 The “International guidelines for 

the management and treatment of MPS IVA syndrome” 
was released in 2014. The guidelines summarized the 
extensive experience in managing MPS IVA based on 
two meetings of international experts. It includes an exten-
sive baseline evaluation and reevaluation at intervals to 
identify systemic changes early to allow for monitoring 
and intervention. Table 1 shows the monitoring recom-
mendations for MPS IVA patients.22,28,35

Figure 1 Computed tomography angiogram in a 16-year-old boy with mucopolysaccharidosis type IVA. (A) Three-dimensional reconstruction of the trachea in a sagittal 
oblique projection shows a severe narrowing of the trachea at the thoracic inlet (arrow). (B) Sagittal image shows that the brachiocephalic artery (dashed arrow) 
contributes to crowding at the thoracic inlet but does not directly indent the trachea (solid arrow). (C) Three-dimensional coronal reconstruction posteriorly in the chest 
shows tortuosity of the descending thoracic aorta, crossing the midline (arrow). Reprinted by permission from Springer Nature, Averill LW, Kecskemethy HH, Theroux MC, 
et al. Tracheal narrowing in children and adults with mucopolysaccharidosis type IVA: evaluation with computed tomography angiography. Pediatr Radiol. 2021;51(7):1202– 
1213. Figure 1 is copyright protected and excluded from the open access licence.18
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Until recently, MPS IVA patients only had supportive 
care for their symptoms like adenotonsillectomy for 
obstructive sleep apnea, hearing aids for sensorineural 
hearing loss, and keratoplasty for corneal clouding. 
Patients also had aggressive supportive and symptomatic 
surgical and nonsurgical interventions to treat skeletal 
abnormalities. There are benefits from hematopoietic 
stem cell transplantation (HSCT) in MPS. According to 
Yabe et al in 2016,36 there were four MPS IVA patients 
with HSCT being followed at least 10 years. All of them 
had normal level of GALNS activity in lymphocytes after 
HSCT. Only one patient had osteotomy in both legs and 
others had no orthopedic surgical intervention. Their activ-
ity of daily living (ADL) was better than untreated 
patients. However, due to few MPS IVA patients with 
HSCT, there are no clear mortalities about HSCT for 
MPS IVA having been reported.37

For many forms of LSD, enzyme replacement therapy 
(ERT) has become the standard treatment. In 1996, the 
first ERT was approved for Gaucher disease. ERT has 
many limitations, including high cost, low penetration of 
the central nervous system, and infusion reactions. 
However, with more clinical experience, infusion reactions 
could be prevented. The low penetration of enzymes 
through the blood–brain barrier reduces central nervous 
system penetration and limits the efficacy of all ERTs. 

For instance, type 1 Gaucher disease patients have 
improvements in systemic symptoms after ERT. 
However, peripheral administration of ERT cannot 
improve neurological regression in MPS type II and III 
patients who often die from neurological complications. 
Because MPS IVA patients do not have intellectual dis-
abilities, ERT can provide beneficial outcomes, including 
preventing disease progression to a certain extent. 
Nevertheless, it cannot reverse most pathology that had 
developed before treatment. There are five types of MPSs 
for which ERT has currently been approved: MPS 
I (laronidase; Aldurazyme®, Genzyme, Boston, MA, 
USA), II (idursulfase; Elaprase®, Shire, Dublin, Republic 
of Ireland), IVA (elosulfasealfa; Vimizim®, Biomarin, 
Novato, CA, USA), VI (galsulfase; Naglazyme®, 
Biomarin), and VII (vestronidase alfa; Mepsevii®, 
Ultragenyx, Novato, CA, USA).

Elosulfase Alfa Mechanism of Action
ERT can only be administered by intravenous infusion. The 
mechanism of action of elosulfase alfa is to provide enzy-
matic activity to reduce the enzyme deficiency caused by 
MPS IVA. Elosulfase alfa is a purified human enzyme; 
recombinant DNA technology (recombinant human enzyme 
or rhGALNS) in the Chinese hamster ovary cell line is used 
to produce it. It is identical in sequence and enzymatic 

Table 1 Monitoring Recommendations for Mucopolysaccharidosis Type IVA Patients

At Diagnosis Every 6 Mo Annually Every 1–3 Yr

Medical history Medical history Eye examination Electrocardiogram
Physical examination Physical examination Hearing test Echocardiogram

Growth evaluation Growth evaluation Pulmonary function Spine MRI

Neurological examination Neurological examination Electrocardiogram Sleep study
Eye examination Dental evaluation Echocardiogram

Hearing test Endurance test

Pulmonary function Quality of life and pain assessment
Sleep study Cervical spine imaging

Electrocardiogram
Echocardiogram

Dental evaluation

Endurance test
Quality of life and pain assessment

Functional/ADL assessment

Hip/pelvis imaging
Whole Spine imaging

Spine MRI

Notes: Reproduced with permission from Dove Medical Press, Regier DS, Tanpaiboon P. Role of elosulfase alfa in mucopolysaccharidosis IVA. Appl Clin Genet. 
2016;9:67–74.35 

Abbreviations: mo, months; yr, years; ADL, activities of daily living.
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activity with the human form of GALNS. Elosulfase alfa and 
human GALNS have the same amino acid sequence and 
N-linked glycosylation.38,39 Because it contains bis- 
mannose 6 phosphate, one of the oligosaccharide chains can 
bind to a cell surface receptor (cation-independent mannose- 
6-phosphate receptor). Elosulfase alfa metabolizes GAGs, 
C6S, and KS.40,41 Elosulfase alfa is active in a low pH 
environment; thus, it has a low activity outside the lysosome.

Pharmacokinetics and 
Pharmacodynamics
Qi et al reported the pharmacokinetics of elosulfase alfa42 

based on a Phase III trial for 24 weeks in 2014.2 They 
analyzed the pharmacokinetics during and after the initial 
infusion of elosulfase alfa. Figure 2 shows the pharmaco-
kinetics during and after week 22 of infusion.42,43 This 
figure reflects the mean plasma concentration profiles of 
elosulfase alfa during and after infusion. They collected 
blood samples before and 15, 60, and 120 min after begin-
ning the infusion and 5, 15, 30, 60, 120, and 180 min after 
completing the infusion. Noncompartmental analysis of 
pharmacokinetic parameters was done with WinNonlin® 

(Certara, L.P., Princeton, NJ, USA) software. According to 
this figure, it shows that after 22 weeks treatment, the dose 
of 2 mg/kg/QW could keep higher level of elosulfase alfa 
than the dose of 2 mg/kg/QOW. Table 2 shows that after 
repeated administration over 22 weeks, the plasma half- 
life of elosulfase alfa increased from approximately 7 
min in the first infusion to approximately 36 min.42,43 

The intracellular half-life of elosulfase alfa is estimated 
to be 5–7 days. This was determined in vitro in human 

Morquio A fibroblasts.44 The appearance of neutralizing 
anti-elosulfase alfa antibodies in patients is thought to be 
associated with the increase in the plasma half-life.42 The 
total exposure assessed by AUC0-last increased 181% or 
192% after 22 weeks of administration. The pharmacody-
namics, efficacy, or safety outcomes in patients are not 
influenced by this apparent increase in exposure.

Elosulfase alfa normalizes the levels of the deficient 
endogenous enzyme in lysosomes via a mannose- 
6-phosphate-mediated mechanism.45 According to pre-
clinical and clinical studies, the major pharmacodynamic 
effect of elosulfase alfa is to reduce the uKS by increas-
ing the lysosomal degradation of this metabolite45‒47. 
Although we could use uKS to differentiate MPS IVA 
from other forms of MPS and to demonstrate pharma-
codynamic effects of ERT treatment, we could not pre-
dict the skeletal improvement during ERT for MPS IVA 
by uKS.48 Biodistribution throughout the heart layers, 
the entire growth plate thickness, and in macrophages 
and hepatocytes was observed with the intravenous 
administration of elosulfase alfa to wild-type mice in 
preclinical studies.45

Preclinical Data
In a study to determine the safety, efficacy, and tolerability 
of elosulfase alfa, using MPS IVA mice, after 12 weeks of 
treatment, there was an apparent reduction of GAGs sto-
rage in the visceral organs, bone marrow, heart valves, 
connective tissues, and ligaments.49 There was further 
evaluation in newborn MPS IVA mice at birth. 
According to the bone pathology study, although the chon-
drocytes were vacuolated, the columnar structure remained 
organized. This result showed that before the cartilage cell 
layer became mature bone in MPS IVA, the enzyme 
entered the cartilage and prevented the disorganization of 
the cartilage structure. It also showed that prompt treat-
ment with ERT could prevent the bone pathology of MPS 
IVA.50 According to Tomatsu et al in 2010,51 the treatment 
effect is better when we treat mice for a longer term or 
from birth. GALNS with hexaglutamate sequence (E6) 
tagged (E6-GALNS) could clear the storage materials in 
bone, bone marrow, and heart valves substantially, espe-
cially after 24 weekly infusions.

Clinical Trial Data
In MOR-002 trial (Patients with MPS IVA, who enrolled 
in a prior BioMarin sponsored clinical study of BMN 110; 
NCT00884949; Study Identification Number MOR-002; 

Figure 2 Mean plasma concentration profiles of elosulfase alfa during and after 
infusion. QOW: every other week; QW: once per week. Reprinted by permission 
from Springer Nature, Qi Y, Musson DG, Schweighardt B, et al. Pharmacokinetic 
and pharmacodynamic evaluation of elosulfase alfa, an enzyme replacement therapy 
in patients with Morquio A syndrome. Clin Pharmacokinet. 2014;53(12):1137–1147. 
Figure 2 is copyright protected and excluded from the open access licence.42
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Baseline and every 12 weeks for up to 72 weeks), elosul-
fase alfa was generally well tolerated at all doses. Over 5 
years of treatment, no new safety concerns emerged during 
sustained treatment with elosulfase alfa 2.0 mg/kg per 
week. Adverse events occurred in patients in all studies; 
however, most were mild or moderate in severity. 
Hypersensitivity reactions were frequent; however, they 
could be managed by additional medications and altering 

the infusion rate. There was one patient with a type 
I hypersensitivity reaction and another with recurrent infu-
sion reactions. These patients discontinued the study. 
Nevertheless, in the subsequent Phase 3 trial, no hyper-
sensitivity adverse events were seen.2

In the MOR-002 trial (72 weeks) and the MOR-100 
long-term extension (192 weeks), patients could maintain 
their performance in the 6min walk test (6MWT) and 3min 

Table 2 Pharmacokinetic Parameters for Elosulfase Alfa in Patients with Morquio a Syndrome

Parameter Elosulfase alfa 2.0 mg/kg/QOW Elosulfase alfa 2.0 mg/kg/QW Ratio of Elosulfase alfa QOW/QWa (%)

Week 0
n 24 22

AUC 0–∞, ng·min/mL 287,597 (96,432.1), 14 231,074 (103,207.4), 15 124.5

AUClast, ng·min/mL 248,720 (97,063.7), 24 237,884 (100,328.6), 22 104.6
Cmax, ng/mL 1,438 (435.3), 24 1,494 (534.1), 22 96.2

CL, mL/min/kg 7.54 (2.002), 14 10.04 (3.733), 15 75.1

Vss, mL/kg 219.42 (95.483), 12 395.74 (315.636), 14 55.4
Vz, mL/kg 68.79 (34.008), 14 123.66 (144.115), 15 55.6

t1/2, min 6.57 (3.110), 14 7.52 (5.484), 15 87.4
tmax, min 150 (58.1), 24 172 (75.3), 22 87.2

Week 22

n 23 22
AUC 0–∞, ng·min/mL 463,460 (491,418.9), 19 619,080 (422,048.3), 20 74.9

AUClast, ng·min/mL 411,687 (420,279.7), 23 577,371 (416,316.6), 22 71.3

Cmax, ng/mL 2,616 (2,702.1), 23 4,036 (3,237.1), 22 64.8
CL, mL/min/kg 6.50 (2.942), 19 7.08 (12.997), 20 91.8

Vss, mL/kg 245.19 (273.145), 17 649.67 (1,841.703), 20 37.7

Vz, mL/kg 120.11 (71.076), 19 299.52 (543.309), 20 40.1
t1/2, min 19.25 (19.217), 19 35.86 (21.485), 20 53.7

tmax, min 159 (60.6), 23 202 (90.8), 22 78.5

Week 22/Week 0b (%)
n 23 21

AUC 0–∞, ng·min/mL 179.2 328.6

AUClast, ng·min/mL 176.3 280.6
Cmax, ng/mL 183.6 291.6

CL, mL/min/kg 87 46.4

Vss, mL/kg 127 188.9
Vz, mL/kg 147 246

t1/2, min 280 696

tmax, min 119.8 145.7

Notes: Values are expressed as mean (SD), n unless otherwise indicated. 
For patients who have missing values of AUC0–∞, t1/2, CL, Vz and Vss, the parameters could not be estimated due to insufficient data in the terminal phase of the plasma 
profile. For patients who have missing values of Vss only, their Vss was not reported due to a negative value. Adjusting for infusion caused a negative MRTinf value. The Vss 
value was also negative because of the relationship: Vss = MRTinf·CL 
AUC0–∞ area under the plasma concentration–time curve from time zero to infinity, AUClast area under the plasma concentration–time curve from time zero to the time 
of last measurable concentration, CL total clearance of drug after intravenous administration, Cmax observed maximum plasma concentration, MRTinf mean residence time 
extrapolated to infinity, SD standard deviation, QOW every other week, QW weekly, Vss apparent volume of distribution at steady-state, Vz apparent volume of distribution 
based upon the terminal phase, t1/2 elimination half-life. 
aRatio is ratio of means 
bOnly patients with pharmacokinetic data available for both visits are included. Reprinted by permission from Springer Nature, Qi Y, Musson DG, Schweighardt B, et al. 
Pharmacokinetic and pharmacodynamic evaluation of elosulfase alfa, an enzyme replacement therapy in patients with Morquio A syndrome. Clin Pharmacokinet. 2014;53 
(12):1137–1147. Table 2 is copyright protected and excluded from the open access licence.42 

Abbreviations: AUC0-last, area under the plasma concentration–time curve from the start of infusion to the last measurable observation; CL, total clearance of drug after 
intravenous administration; Cmax, maximum observed concentration; tmax, time of observed Cmax; t1/2, plasma elimination half-life; Vss, apparent volume of distribution at 
steady state; Vz, apparent volume of distribution based upon the terminal phase t½; QOW, every other week; QW, once per week.
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stair climb test (3MSCT). One patient even had slightly 
better results in both tests. However, there was no exclu-
sion of surgical procedures during the studies. The surgical 
procedures could affect the 6MWT and 3MSCT results. 
Due to the small sample size and absence of a control 
group, we could not evaluate efficacy. In the Morquio 
A Clinical Assessment Program (MorCAP) natural history 
study, which followed the progression of untreated 
Morquio A syndrome over 2 years, 6MWT distances in 
untreated patients decreased over this period.52 These 
results contrast the MOR-002 trial and the MOR-100 long- 
term extension. However, we should note that the mean 
age of patients at baseline was higher in the MorCAP 
observational study than in the MOR-002 study (14.4 ± 
11.97 years vs 8.4 ± 2.90 years).

MPS IVA patients risk declining pulmonary function as 
the condition progresses; however, in the MOR-002 and 
MOR-100 studies, there were increases in forced vital 
capacity (FVC), forced expiratory volume in 1s (FEV1), 
and maximum voluntary ventilation (MVV). However, 
since there was no comparison with an age-matched 
group of untreated patients, these results could be partially 
attributed to growth.53 Therefore, the true impact of treat-
ment on pulmonary function is yet to be determined. 
Furthermore, there were no negative effects in the quality- 
of-life measures in children with Morquio A syndrome,54 

even though the quality-of-life measures would be 
expected to decline as the disease progresses. In the 
MOR-002 and MOR-100 studies, patients maintained 
a consistent level of function in the domains of self-care, 
mobility, and caregiver assistance over the 5-year study 
according to the MPS health assessment questionnaire 
(MPS-HAQ).

The 2.0 mg/kg per week elosulfase alfa dosing demon-
strated the greatest reduction of uKS levels. Additionally, 
there was superior plasma availability with the 2.0 mg/kg 
per week dose. Concerning pharmacokinetic parameters, 
the maximum observed concentration in plasma (Cmax) 
increased. The areas under the curve from time 0 to last 
measurable concentration (AUC0−t) were nonlinear and far 
exceeded the dose increases from 0.1 to 1.0 to 2.0 mg/kg 
per week. We also observed that the decreases of clear-
ance, the volume of distribution based on the terminal rate 
constant (Vdz), and the volume of distribution at steady 
state (Vdss) were also nonlinear. This indicated the possible 
saturation of clearance mechanisms such as protease 
degradation and/or cation-independent mannose 

6-phosphate receptor (CI-M6PR) receptor-mediated cellu-
lar uptake.

The impact of neutralizing antibodies on the pharma-
cokinetics, seen in MOR-002 and MOR-100, is consistent 
with the placebo-controlled MOR-004 study.55,56 In the 
MOR-004 study, we were also aware that there were no 
relationships between efficacy outcomes and neutralizing 
antibody positivity or titer according to the alternative cell- 
based flow cytometry neutralizing antibodies assay.57 This 
result indicated that neither total antibodies nor neutraliz-
ing antibodies are related to the incidence of adverse 
events, loss of efficacy, or altered pharmacodynamics.

Treatment
Based on infusion volume, 2.0 mg/kg per week intrave-
nous infusion over 3.5–4.5 h is currently the recommended 
dose. For patients <25 kg and >25 kg, the final volume is 
100 mL and 250 mL respectively. The ERT is diluted with 
0.9% sodium chloride injection. For patients <25 kg and 
≥25 kg, the infusion rate should be 3 mL/h and 6 mL/h for 
the first 15 min, increasing to 6 mL/h and 12 mL/h for the 
next 15 min. If this rate is tolerated, the rate can be 
increased by 6 mL/h for patients <25 kg and 12 mL/h 
for patients ≥25 kg every 15 min. The maximum rates are 
36 mL/h for patients <25 kg and 72 mL/h for patients 
≥25 kg. An antihistamine with or without antipyretics 
should be administered 30–60 minutes before infusion. 
Due to the risk of sleep apnea and airways difficulties, 
a nonsedating antihistamine is preferred.

Adverse Events and Reactions
Clinical studies investigating adverse events enrolled 235 
patients in all.39,58 Symptoms and signs of anaphylaxis 
(cough, erythema, throat tightness, urticaria, hypotension, 
dyspnea, gastrointestinal symptoms) occurred in 16 (6.8%) 
patients. Anaphylaxis occurred as early as 30 minutes after 
beginning the infusion to 3 hours after completing it. 
Subsequent elosulfase alfa infusion with infusion rate 
adjustments and/or medical intervention were completed 
in all patients except two. The rate of hypersensitivity 
reactions was 18.7%, and the reactions were observed as 
early as 30 minutes after starting the infusion to as late as 
6 days afterward. According to the MOR-004 clinical trial 
(Time Frame: Baseline to Week 24), the most common 
adverse events were headache (20.3%), pyrexia (18.6%), 
vomiting (15.3%), nausea (13.6%), diarrhea (11.9%), fati-
gue (11.9%), upper abdominal pain (8.5%), cough (8.5%), 
oropharyngeal pain (5.1%), abdominal pain (3.4%), and 
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chills (1.7%).2 Based on the study of children under 5 
years of age who received 2.0 mg/kg per week for 52 
weeks,59 the rate of adverse events requiring infusion 
interruption and medical intervention was 0.8%. After 
treatment, growth velocity and uKS levels were improved.

Prevention and Management of 
Adverse Reactions
The adverse reaction risk in phase I/II clinical trials could 
be reduced by nonsedating antihistamines with or without 
antipyretics.2 If patients have a history of adverse reactions 
or allergies, we should consider premedication like sedat-
ing antihistamines, antipyretics, H2 blockers, leukotriene 
receptor antagonists, oral cromolyn sodium (personal com-
munication), and/or steroids. Additionally, the infusion 
rate should be decreased by 25%–50%, especially during 
the first 1–2 hours.36 Patients should have an airway 
patency evaluation before beginning ERT if they have 
airway management or positive pressure during sleep to 
manage sleep apnea. These patients also need oxygen 
during infusion therapy.

Because of the increased risk of hypersensitivity reac-
tions, ERT should be avoided if patients have an acute 
infection, a fever, or respiratory illness.40 Patients should 
have immediate medical care if they develop an acute 
hypersensitivity reaction. For mild-to-moderate reactions, 
the infusion could be slowed or stopped and antihista-
mines, antipyretics, and/or steroids administered. For 

severe anaphylaxis reactions, the infusion should be 
stopped immediately and breathing, and circulation eval-
uated. One should stabilize the airway, give oxygen sup-
plementation, and administer intramuscular epinephrine 
and intravenous fluids for hypotension.

Expert Commentary
Pharmacokinetic studies outside of clinical trials and clinical 
settings are needed. Immunogenicity is not correlated with the 
efficacy of elosulfase alfa. Although only a small proportion of 
patients are hypersensitive,60 some clinicians remain con-
cerned about the drug’s immunological risk. They believe the 
risk of infusion-associated reactions and infusion-site reactions 
may increase due to the presence of anti-elosulfase alfa anti-
bodies. However, clinical trials have shown no correlation 
between the immune response and infusion-associated or infu-
sion-site reactions.39 Only a small minority of patients have an 
elevated immune response.

We cannot currently predict which Morquio A patients will 
respond to ERT.61 About 10% of patients have an excellent 
response that exceeds expectations. There is also a small group 
of patients who do not respond to ERT at all. Therefore, 
Morquio A patients receiving elosulfase alfa should have at 
least 12 months of treatment before assessing their response. 
The current quality-of-life assessment tools do not adequately 
capture the treatment benefits for patients.62 We must develop 
improved and more innovative daily lifestyle measures to 
adequately assess clinical response. Lifestyle tracker apps 
could provide an all-day record of activity and sleep habits in 

Figure 3 The spine X-ray findings before and after the enzyme replacement therapy in a Japanese boy with MPS IVA. Reproduced from Nakamura-Utsunomiya A, Nakamae 
T, Kagawa R, et al. A case report of a Japanese boy with MorquioA syndrome: effects of enzyme replacement therapy initiated at the age of 24 months. Int J Mol Sci. 2020;21 
(3):989.72
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the future63‒69. Blood KS directly derived from the bone is an 
important biomarker of improvement in true clinical endpoints 
including bone pathology or any other skeletal signs and 
symptoms.70

Orthopedic surgeries are necessary because ERT have 
provided only modest benefit for skeletal deformities.71 

X-ray and MRI of spine showed that ERT had limited 
effects on bones72 (Figures 3 and 4). Patients with MPS 
IVA usually have odontoid hypoplasia with subluxation, 
gibbus deformity, hip dysplasia and osteonecrosis, and 
lower extremity valgus. Due to these symptoms, patients 
should necessitate monitoring and often surgical interven-
tion like realignment osteotomy, corrective knee surgery 
and hip replacement.

Most patients in the UK and Canada are infused at 
home. Conversely, patients in the USA are infused in infu-
sion centers which increases treatment costs. Nevertheless, 
infusion centers offer additional benefits like emotional 
support from other patients, families, and healthcare work-
ers. Experienced clinicians and healthcare providers, includ-
ing infusion nurses, are important. They can provide the 
proper and effective rate of ERT infusion and drug dose and 
act to prevent or manage adverse reactions.

Elosulfase alfa has improved the walking distance of 
MPS IVA patients and their respiratory function. However, 
compared with the growth charts for untreated patients, 
patients treated with ERT did not show any significant 
increase in growth in any age group, even if they had 
early ERT intervention before 5 years of age.73 We still 

have much to learn to improve our management of 
Morquio A syndrome. There was no effective drug for 
Morquio A before elosulfase alfa; however, now, there is 
hope for the future in this field.

Five-Year View
ERT could only slow skeletal disease progression even 
when startedin infancy before 2 months of age.74 There 
are studies aimed at increasing the effectiveness of ERT 
with targeted therapies.69,75 In preclinical research, gene- 
targeted therapy has shown some efficacy in treating 
Morquio A75‒77. It may be more effective to use small, 
specific, targeted molecules in addition to ERT to treat 
Morquio A, which will solve the problems of immuno-
genicity and bone uptake in the future.75,76 In the next 5 
years, we should be able to predict which mutations of the 
GALNS gene are responsive to ERT.

According to a study by Donida et al in a cohort of 
MPS IVA patients receiving ERT therapy,78 interleukin-6 
and decreased glutathione levels were elevated. This sug-
gests a proinflammatory and prooxidant state. However, 
there were no MPS IVA patients who had not received 
ERT for comparison. Further investigation of combined 
antioxidant and anti-inflammatory agent therapy with ERT 
is needed to optimize patient outcomes.

Conclusions
Morquio A is not just a skeletal disorder; there is a multiorgan 
involvement. Elosulfase alfa could be effective in improving 

Figure 4 The changes in MRI findings. (A) The spinal cord compression at C1 level was already present at the first examination. (B) The lesion was slowly progressive after 
the ERT started, (C) which was relieved by resecting the posterior arch of the atlas vertebra. Reproduced from Nakamura-Utsunomiya A, Nakamae T, Kagawa R, et al. A 
case report of a Japanese boy with MorquioA syndrome: effects of enzyme replacement therapy initiated at the age of 24 months. Int J Mol Sci. 2020;21(3):989.72.
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patient endurance, pulmonary function, and quality of life. It is 
important to have long-term outcome studies to determine the 
effect of elosulfase alfa on the bone outcomes of patients. 
Moreover, we must evaluate the efficacy of ERT treatment in 
moderating the long-term progression of MPS IVA.
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