Drug Evaluation

Velaglucerase alfa in the treatment of
Gaucher disease type 1: an update

Gaucher disease (GD) is an autosomal recessive lysosomal storage disorder caused
by deficiency of the enzyme acid B-glucosidase. Enzyme replacement therapy is
the standard of care for the treatment of GD type I. Currently, three preparations,
including imiglucerase (Cerezyme®, Genzyme Corporation, MA, USA), taliglucerase
alfa (Elelyso®, Pfizer Inc., NY, USA) and velaglucerase alfa (VPRIV®, Shire Human Genetic
Therapies Inc., Dublin, Ireland), are commercially available. Here, we will review the
recent literature addressing the safety and efficacy of velaglucerase, particularly
as compared with the other enzyme replacement therapy products, as well as the

treatment of GD type 1 with velaglucerase alfa.
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Background
Gaucher disease (GD), an autosomal reces-
sively inherited lysosomal storage disease, is
caused by mutations in the gene-encoding
acid B-glucosidase, GBAI. Insufficient activ-
ity of this enzyme results in accumulation of
glucosyl ceramide (GL-1) and other gluco-
sphingolipids in visceral tissue. Their accu-
mulation predominantly in cells of mono-
cyte/macrophage origin lead to the majority
of visceral manifestations. The worldwide
incidence of GD is estimated to be one in
111,111. [1]. Three variants of GD are clas-
sically described. Type 1, a variant that does
not manifest early onset rapid neuronopathic
involvement, is the most commonly diag-
nosed in the Western world, while the neu-
ronopathic variants (types 2 and 3) appear to
be the most prevalent worldwide [1].

The accumulation of ‘Gaucher cells,
glucosylceramide-engorged
in the liver, spleen and bone marrow leads

macrophages,

to the primary clinical manifestations of
type 1 disease, including hematologic (ane-
mia, thrombocytopenia), visceral (hepa-
tomegaly and splenomegaly) and skeletal
(osteoporosis, lytic lesions and bone pain).

GD types 2 and 3 have variably progressive
primary CNS manifestations in addition to
the visceral signs observed in GD type 1.
While individuals of all ages with GD type 1
may develop disease signs and require treat-
ment, onset of GD type 2 is in infancy and
neurologic progression occurs rapidly, result-
ing in death in early childhood. GD type 3
has a more slowly progressive primary neu-
rologic course. While the major clinical fea-
tures of GD type 1 can be attributed to accu-
mulation of Gaucher cells, the pathogenesis
of neurologic abnormalities in the neurono-
pathic forms of GD are likely more complex,
for example, related to inflammation, toxic-
ity of storage material, ultimately leading to
neuronal death [1]. Although these classical
variants provide a useful clinical nosology,
types 2 and 3 variants represent a continuum
of phenotypes unified by the similar CNS
pathogenesis of neuronal death [2].
Recombinant, exogenously produced acid
B-glucosidase has been available since the
early 1990s for intravenous administration
(enzyme replacement therapy [ERT]) to
patients with GD type I. The initial thera-
peutic (alglucerase) and its successor (imiglu-
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cerase) were/are manufactured to contain glycan struc-
tures with exposed mannose residues to allow their
recognition and internalization by macrophages via
the mannose receptor. Although not approved for use
in patients with neuronopathic variants of GD, ERT
does have positive effects on visceral manifestations
of GD type 3 [3]. The blood-brain barrier prevents
enzyme entry into the CNS, therefore, it is ineffec-
tive at reversing or stabilizing the primary neurologic
manifestations [1].

Three ERT products are commercially available
and approved by the US FDA and EMA, among
other countries, for treatment of GD type 1 in all age
groups: imiglucerase (Cerezyme®, Genzyme Corpora-
tion, MA, USA), velaglucerase alfa (VPRIV®, Shire
Human Genetic Therapies Inc., Dublin, Ireland) and
taliglucerase alfa (Elelyso®, Pfizer Inc., NY, USA).
Although conceptually similar, differences in produc-
tion and structures of the products exist. Imiglucerase
is produced in Chinese hamster ovary cells engineered
to overexpress a recombinant analog of human acid
B-glucosidase, velaglucerase alfa is produced in a
human fibrosarcoma cell line to overexpress the endog-
enous GBA1 using gene-activation technology and
taliglucerase is produced in carrot root cells expressing
recombinant human glucocerebrosidase [4.5]. Related
to these differences in production, the glycan chain
compositions of the three enzymes are distinct. Imi-
glucerase contains short chain core mannose residues,
which are exposed via in vitro exoglycosidase treat-
ment after expression and purification. Velaglucerase
contains longer chain high-mannose residues cre-
ated by incorporation of a mannosidase I inhibitor
(kifunensine) during cell culture. Like imiglucerase,
taliglucerase contains a shorter chain of mannose resi-
dues, but it does not require postproduction modifi-
cation for mannose exposure as plants naturally have
mannose-terminated glycoproteins [4-6]. The amino
acid sequences of the three enzymes are also distinct.
Velaglucerase has an identical sequence to the natural
human protein, but imiglucerase and taliglucerase dif-
fer at amino acid residue 495, with histidine replac-
ing the natural arginine [s]. Taliglucerase also contains
an additional two amino acids at the N-terminus and
seven amino acids at the C-terminus [5].

Studies comparing velaglucerase and imiglucerase
have demonstrated that the enzymatic properties are
essentially identical, drug elimination is similar and in
vitro kinetic parameters and pH denaturation are also
similar [4-8]. The two drugs performed similarly with
regards to half-life and efficacy in the mouse model of
GD, and both showed comparable dose and duration-
dependent effect on the disappearance of Gaucher
cells and glucosylceramide clearance. Phase I/1I trials

and early Phase III trials demonstrated that safety and
efficacy of velaglucerase are similar to imiglucerase
in adults and children, although seroconversion rates
with imiglucerase appear greater (seroconversion of 1%
for velaglucerase vs ~15% for imiglucerase) [9,10]. Both
drugs are effective and have similar profiles of increas-
ing hemoglobin concentration and platelet counts,
and reducing liver and spleen volumes in children and
adults with type 1 GD. Like imiglucerase, velaglu-
cerase has a proportional dose-sensitive response, with
greater improvement in clinical parameters noted at
higher dosing [9].

The importance of having multiple products avail-
able for ERT of a disease was emphasized by the 2009
global shortage of imiglucerase. This article serves as
an update to Burrow and Grabowski’s 2011 review
article, which addressed velaglucerase alfa treatment of
GD type 1 [9]. Key themes of clinically oriented pub-
lications published since 2011 include safety and effi-
cacy of switching from imiglucerase to velaglucerase;
safety and efficacy of velaglucerase as compared with
imiglucerase; evaluation of the effect of velaglucerase
on GD-related bone disease and safety and efficacy of
velaglucerase in pregnant woman afflicted by GD.

Safety & efficacy of switching from
imiglucerase to velaglucerase

The Early Access Program to velaglucerase in Israel
was started in 2009 in response to the impending
global shortage of imiglucerase. A retrospective study
examined the safety and efficacy of velaglucerase
in 71 patients [11]. All 71 were included in the safety
report, but only 44 were included in efficacy evalua-
tion because the remaining 27 were either on therapy
for less than 6 months or had not had follow-up evalu-
ations at appropriate times. The cohort of 44 included
five adult patients who were treatment-naive, three
who had been off imiglucerase for 2-3 years and 36
patients (ten who were <16 years old) who were pre-
viously treated with imiglucerase. Among the 36 pre-
viously treated patients, the duration without imiglu-
cerase therapy ranged from 0 (14 patients) to 9 months
(one patient). The cohort of 27 included three patients
who were withdrawn from taliglucerase trials due to
allergic reactions. Overall, two drug-related adverse
events (AEs) were described: One was an allergic reac-
tion during the first infusion in a patient who previ-
ously had an allergic reaction to taliglucerase, and
who was positive for IgG antibodies to velaglucerase.
The patient continued to use velaglucerase alfa with
premedication. The other was a putatively fixed drug
eruption on the chin of a switchover patient that
resolved spontaneously and never reappeared despite
continued use of velaglucerase alfa. Improvements in
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the mean hemoglobin concentration, platelet count
and spleen and liver volumes were noted in both swi-
tchover and ERT-naive groups. As expected, greater
improvements were noted in the ERT-naive group. A
so-called booster effect in platelet count improvement
(>30% increase) was claimed for two subgroups of
switchover patients: those with longer history of ERT
treatment (58—224 months) and children, although no
inferential statistical analyses were conducted [11]. In
addition, the critical relationship of this ‘booster effect’
to time off of imiglucerase therapy was not provided.
Therefore, data are not sufficient to attribute this effect
to the switch in therapy in such patients.

A retrospective analysis evaluated the effects of
switching from a reduced dosage of imiglucerase
to velaglucerase in a cohort of 26 adults with GD
type 1 [12]. Prior to the switch, these patients experi-
enced reduced dosage and/or discontinuation of ERT
due to the global supply shortage of imiglucerase. Vela-
glucerase treatment was initiated at a dose equivalent
to the preshortage imiglucerase dose in all patients
except for one, whose dose was doubled. Clinical out-
come measures included hemoglobin concentration,
platelet count and liver and spleen volumes. These
parameters were assessed 1 year prior to the shortage,
at the last visit prior to the onset of the shortage prior to
shortage, at time of velaglucerase initiation, and 1 year
after velaglucerase initiation. The duration of reduced
or discontinued imiglucerase dosing ranged from 1 to
8.5 months. Hemoglobin concentration remained sta-
ble during the period of reduced dosing of imiglucerase
and after the switch to velaglucerase. Four patients
experienced reduction in platelet counts prior to and/or
during the imiglucerase shortage. After switching to
velaglucerase, platelet count stabilized in one of these
patients and increased in the other three. Nine patients
had MRI at baseline, 6 and 12 months. In five patients,
liver volumes increased by 10% or more after 6 months
of treatment with velaglucerase. Liver volume returned
to baseline in three of these patients after 12 months
treatment. Of note, the potential association between
duration of reduced/discontinued imiglucerase dosing
and clinical outcome measures was not shown. Only
one patient experienced an AE thought to be related to
velaglucerase infusion: back pain occurred during the
first three infusions but resolved without sequelae dur-
ing the fourth infusion. The timing of the back pain in
relationship to infusion was not discussed [12]. Overall,
given the heterogeneity in treatment regimens among
this cohort, it is difficult to draw a meaningful conclu-
sion about efficacy based on this study. It is interesting
that the authors report inability to evaluate a possible
‘booster effect’ (as described by Elstein ez al.) as a result
of reduced drug dosing in patients. Although there

were no dose reductions in the Elstein study, 22 of
36 switchover patients had experienced discontinued
imiglucerase dosing prior to switching [11].

Zimran et al. [13] reported on safety and effi-
cacy of velaglucerase alfa in 40 patients, ages 2 years
and older, previously treated with imiglucerase for
at least 30 months. There was no washout period
between medications. Qutcomes were measured after
12 months of velaglucerase treatment. The primary
outcome was the safety of every other week dosing of
velaglucerase in patients previously on imiglucerase.
Secondary outcomes included change from baseline
to 12 months in hemoglobin concentration, platelet
counts and spleen and liver volumes. Mild and mod-
erate AEs were reported in 14/40 and 15/40 patients,
respectively. The most frequently reported AEs were
headache (12/40), arthralgia (9/40) and nasopharyn-
gitis (8/40). One patient experienced a drug-related
serious AE (Grade 2 anaphylactoid reaction) that led to
study discontinuation. No antivelaglucerase antibod-
ies were detected in this patient at three time points:
prior to, 24 h after and 2 weeks after drug adminis-
tration. None of the patients developed antibodies to
velaglucerase during the study. Two patients who had
anti-imiglucerase antibodies showed cross-reacting
positivity to velaglucerase. Overall, clinical parameters
remained stable over the 12 months of velaglucerase
treatment, without clinically or statistically significant
differences detected between the beginning and end
of the study [13]. This suggests that velaglucerase has
similar safety and efficacy as compared with imiglu-
cerase. The clinical significance of antivelaglucerase
antibodies (if any) remains to be determined.

A retrospective analysis of nine adults with GD
type 1 assessed safety and efficacy of switching from
imiglucerase to velaglucerase, without treatment inter-
ruption or reduced dosing prior to the switch [14].
Patients who were switched from imiglucerase to vela-
glucerase between 2010 and 2012 were included, if
they had been on imiglucerase for at least 12 months
and had not experienced dose reduction or greater than
15 days of treatment interruption. Hemoglobin concen-
tration, platelet count and chitotriosidase (a potential
biomarker of macrophages) were assessed at five time
points: initiation of treatment, 1 year before switch,
time of switch, 6 months after switch and 1 year after
switch and after the switch. There was no statistically
significant difference detected between these param-
eters after 1 year of velaglucerase treatment. No AEs
were associated with the switch to velaglucerase treat-
ment, supporting the assessment that switching from
imiglucerase to velaglucerase was safe [14].

Pastores ¢t al. [15] reported on the safety and toler-
ability of velaglucerase alfa in an open-label treatment
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protocol of 205 GD type 1 patients previously treated
with imiglucerase and six treatment-naive patients. The
cohort consisted of American patients aged 2 years and
older. Information about imiglucerase treatment dura-
tion and dosing was not reported since the primary
outcome was safety of velaglucerase alfa. Of the six
treatment-naive patients, three experienced treatment-
emergent AEs (TEAEs), only one of which was thought
to be related to study drug (an infusion-related episode
of back pain). Of the 205 previously treated patients,
89 experienced at least one TEAE. The majority of the
TEAEs were mild or moderate severity, with the most
frequent being headache, nasopharyngitis, nausea and
fatigue. Infusion-related AEs were reported in 28/211
patients; no anaphylactoid events were reported. Four
treatment-naive patients and 163 previously treated
patients were assessed for presence of velaglucerase
alfa reacting antibodies (IgG and IgE, with IgM and
IgA assayed as needed). None of the treatment-naive
patients tested positive for such antibodies at any time
point during velaglucerase treatment. Thirty-one of the
163 patients previously treated with imiglucerase were
positive for antibodies that reacted with imiglucerase
at baseline; in ten patients, these anti-imiglucerase
antibodies showed cross-reactivity with velaglucerase.
One patient with anti-imiglucerase antibodies at base-
line developed non-neutralizing antivelaglucerase IgG
antibodies over the course of the study. As with previ-
ous ERT analyses, the presence of antidrug antibodies
did not directly correlate with AEs. Treatment-naive
patients demonstrated increases in hemoglobin and
platelet counts, and previously treated patients main-
tained hemoglobin and platelet counts. Overall, the
authors concluded that velaglucerase was generally well
tolerated, with a safety profile similar to that observed
in controlled trials, and that the data support the safety
of initiating velaglucerase treatment or transitioning
from imiglucerase to velaglucerase [15].

Safety & efficacy: velaglucerase versus
imiglucerase

A 9-month randomized, double-blind, multi-institu-
tional noninferiority trial compared the safety and effi-
cacy of velaglucerase to imiglucerase for the treatment
of GD type 1 [16]. The primary end point was the differ-
ence in mean change from baseline to 9 months between
the two treatment groups in hemoglobin concentration.
Secondary end points included the difference in changes
from baseline between the two treatment groups in
mean platelet count, spleen/liver volumes and plasma
chitotriosidase and CCL 18 levels. Seventeen treatment-
naive patients, aged 2 years and older, were included in
each treatment group. The hemoglobin response in the
velaglucerase treatment group was noninferior to that

of the imiglucerase treatment group (+1.624 vs +1.488
g/dl mean change from baseline, respectively). Similar
improvements in secondary end points were observed
between the two treatment groups. Four of the patients
in the imiglucerase treatment group developed antidrug
antibodies, while none of the patients in the velaglucerase
group developed such antibodies. The anti-imiglucerase
antibodies in one patient demonstrated cross-reactivity
with velaglucerase. Study drug-related AE reports were
reported in 8/17 patients in the velaglucerase group and
6/17 patients in the imiglucerase group, but the study
was not powered to detect differences between types
of AEs [16].

Investigational outcome: skeletal disease

The effect of velaglucerase ERT on bone mineral den-
sity (BMD) of the lumbar spine (LS) and femoral neck
(FN) was measured as an investigational outcome dur-
ing the seminal Phase I/IT and extension trial conducted
at a single site in Jerusalem [17]. Assessment of BMD
using dual-energy x-ray absorptiometry (DXA) was
performed at baseline, 9 months, 24 months and then
yearly in ten patients. Changes from baseline in BMD
z-scores at LS and FN were reported up to 69 months.
Velaglucerase was initially dosed at 60 units/kg every
other week, through the extension trial, but stepwise
dosage reduction to 30 units/kg every other week was
allowed based on achieving therapeutic goals. Of note,
4 out of 10 patients received bisphosphonates either
prior to enrollment or during the trial/extension. Sta-
tistically significant improvements in BMD z-scores
were noted by month 24 for LS (mean change + 0.39)
and by month 33 for FN (mean change + 0.39). Larger
improvements were noted in the six patients who were
not concurrently receiving bisphosphonates (mean
increase in BMD of 0.58 at LS by month 24 and of
0.48 at FN by month 33). In the four patients who
were receiving bisphosphonates, the average z-score
of BMD at LS and FN increased from baseline, but
this was not statistically significant. Across the group,
the increase in BMD was continuous and sustained
over the 69-month study period [17]. Overall, these
data are difficult to interpret in the context of previ-
ously published, more robust studies. One double-
blind placebo-controlled study of 34 adults with GD
type 1 compared effects on BMD of dual therapy
with alendronate and ERT with ERT alone. Results
demonstrated that alendronate treatment resulted in
significant and relatively rapid improvement of BMD
compared with placebo (i.e., ERT alone), which had
no effect on BMD over the 2-year study period [13].
Another large study compared the effect of imi-
glucerase to no treatment on BMD in 502 patients
with GD type 1 (160 untreated, 342 treated) 19] and
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found that imiglucerase treatment was associated
with improvement in BMD over a longer time period
(8 years to become ‘normal’). Larger, controlled stud-
ies are needed to determine the effect velaglucerase has
on BMD in comparison to bisphosphonates alone or
in conjunction with ERT.

Assessment of bone marrow involvement in GD
can be performed using quantitative chemical shift
imaging (QCSI), or the more widely available MRI-
based semiquantitative bone marrow burden (BMB)
score [2021]. A maximum of eight points each can be
assigned to the femoral and lumbar sites, with higher
score indicating more severe disease. A reduction in
femoral or lumbar BMB score of at least two points has
previously been shown to be associated with improve-
ment in Gaucher-related skeletal disease and response
to ERT [20]. The effect of long-term velaglucerase
alfa treatment on BMB score in adults with GD1 was
assessed in eight patients who completed the initial
and 7-year extension Phase I/II trial 22]. By year 7,
all eight patients had a decrease of at least two points
from baseline lumbar BMB score, and five of the eight
had a decrease of at least four points. Femoral BMB
scores were only available for five patients at baseline
and during ERT. Four of the five experienced a BMB
score reduction of 2; the fifth did not but only had one
post-ERT measurement available, which was obtained
9 months after ERT initiation [22].

Safety/efficacy in pregnancy

Pregnancy outcomes in women receiving velaglucerase
from conception to delivery were studied in a retro-
spective review of 25 pregnancies in 21 women [23]. The
live birth rate was 84% (three women had four early
first trimester spontaneous abortions). All babies were
born at term and were healthy. All had APGAR scores
greater than 8 at 5 and 10 min, with the exception of
one infant with APGAR score of 5 at 5 min, which
was attributed to nuchal cord and the baby recovered
shortly thereafter. One woman had two pregnancies
included; she was initially in the extension trial and
was allowed to continue on compassionate use during
pregnancy and then her second pregnancy occurred
while on commercial drug. One woman was switched
from imiglucerase to velaglucerase and had three preg-
nancies while on velaglucerase, one of which resulted
in an early first trimester spontaneous abortion. The
pregnancies and deliveries in the study cohort were
generally uncomplicated: One patient had a postpar-
tum hemorrhage secondary to placental bleeding. Two
women had previously been denied epidural anesthesia
due to thrombocytopenia; they had sufficient plate-
let levels with velaglucerase ERT to safely receive the
epidural block for delivery and were included in this

study. Pre- and postpregnancy hemoglobin and total
platelet count were recorded for 22 pregnancies. The
mean change in hemoglobin was +9.45% and mean
change in total platelet count was +26%. Drug dos-
age ranged from 20 to 80 units/kg per month and was
at the discretion of each patient’s prescribing clinician.
Opverall, the authors concluded that maternal and neo-
natal outcomes of women with GD treated with vela-
glucerase during pregnancies were comparable to those
reported for imiglucerase [23.24]. It is important to note
that the VPRIV package insert currently states that
velaglucerase alfa should only be used during preg-
nancy if clearly needed, due to lack of well-controlled
studies of velaglucerase in pregnant women (VPRIV
drug label section 8.1).

Dosage effects

A multinational, Phase III, randomized, double-
blind, parallel group, two dose-study evaluated the
safety and efficacy of velaglucerase given every other
week at 60 or 45 units/kg per dose [25]. The treatment
cohort included 25 treatment-naive patients with GD1
between the age of 4 and 62 years. The primary end
point was the change in hemoglobin concentration
from baseline to 12 months in the 60 unit/kg dosing
group. Secondary end points included change in hemo-
globin concentration from baseline to 12 months in
the 45 unit/kg dosing group, and change from baseline
to 12 months in platelet counts, spleen volume, liver
volume, chitotriosidase and CCL18 in both dosing
groups. Although the different doses were not directly
compared, both dosing regimens were associated with
statistically significant increases in mean hemoglobin
concentration from baseline. Mean spleen and liver
volumes decreased in both dosing groups, although
only the decrease in spleen volume was statistically
significant. The EMA has predefined three response
categories (good, moderate, none) for hemoglobin
concentration, platelet count and normalized organ
volume at 12 months. Trends in favor of the higher
dose were noted for platelet count and liver volume.
AEs were reported by 15/25 participants; 14 of these
were considered to be infusion related. The most com-
mon AEs were headache, nasopharyngitis, traumatic
injury, arthralgia, cough, pyrexia, dizziness, influenza,
nasal congestion, vomiting, bone pain and prolonged
partial thromboplastin time. Three severe or serious
AEs occurred and were considered unrelated to ERT.
One patient developed neutralizing IgG antibodies to
velaglucerase enzyme activity after 12 months of treat-
ments. This patient did not experience any AEs. Of
note, two patients included in the analysis were later
found to be carriers of GD and not truly affected (both
were diagnosed based on a false-positive-dried blood
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spot test). A repetition of the analyses excluding these
two carriers did not change the conclusions of the
study [25].

Conclusions

Over the past 3 years, research has focused on the
safety and efficacy of switching from imiglucerase to
velaglucerase, effects on secondary outcome measures
and safety in pregnancy. Data suggest that velaglu-
cerase and imiglucerase have comparable safety and
efficacy profiles, and importantly, that it is safe to
switch directly from imiglucerase to velaglucerase. It
is intriguing that one study [11] suggested a ‘booster
effect’ on platelet count in patients who were switched
to velaglucerase after long-term treatment with imiglu-
cerase, but did not take into account the time off imi-
glucerase before initiating velaglucerase. It remains to
be determined whether this effect is maintained, or if
habituation is a result of treatment duration rather than
specific to the drug preparation used; that is, would re-
initiation of imiglucerase result in a booster effect after
a period of time without treatment? Having multiple
treatment options available for ERT of GD type 1

allows physicians and patients the option of personaliz-
ing treatment based on experience and drug response.
It has been our personal experience that some patients
do better clinically on one ERT product versus another
(Burrow, Personal Observation). Future studies are
likely to focus on resolving these questions through
longer-term follow-up. As well, further follow-up will
allow additional comparisons of effectiveness between
velaglucerase and imiglucerase.
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Executive summary

receiving one product versus another.

taliglucerase alfa.

¢ Data suggest that velaglucerase and imiglucerase have comparable safety and efficacy profiles, and
importantly, that it is safe to switch directly from imiglucerase to velaglucerase.

e Having multiple treatment options available for enzyme replacement therapy of Gaucher disease type 1 allows
physicians and patients the option of personalizing treatment based on experience and drug response. It has
been our personal experience that some patients do better clinically on one enzyme replacement therapy
product versus another (Burrow, Personal Observation).

e Future studies are likely to focus on resolving these questions regarding long-term stability in individuals

e Further follow-up will allow additional comparisons of effectiveness between velaglucerase, imiglucerase and
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