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Immunosurveillance of Alglucerase Enzyme Therapy for Gaucher Patients:
Induction of Humoral Tolerance in Seroconverted Patients
After Repeat Administration

By Mireille Rosenberg, Wytske Kingma, Mary Anne Fitzpatrick, and Susan M. Richards

Alglucerase, a macrophage-targeted enzyme replacement
therapy for Gaucher disease, has been successfully used for
several years to improve clinical symptoms and reverse
disease progression. As part of an immunosurveillance pro-
gram, 1,122 Gaucher patients were monitored for antibody
response to glucocerebrosidase, the active component of
alglucerase. Seroconversion was detected in 142 patients
(12.8%) by enzyme-linked immunosorbent assay (ELISA) and
confirmed by radioimmunoprecipitation. The majority (75%)
of the seroconverted population had no detectable levels of
circulating inhibitory antibody as assessed by in vitro inhibi-
tion of enzymatic activity of the therapeutic molecule. Of the
remaining patients with putative inhibitory antibodies, the
majority had only low levels of serum inhibitory activity,

which was transient. A very small number of patients were
identified as developing true neutralizing antibodies, as
defined by the development of antibodies that impacted
clinical efficacy. Many of the patient antibody responses
were also diminished with time. Eighty-two of the 142
seroconverted patients have stopped producing antibody to
the molecule and appear tolerized. The mean time for
humoral tolerization was 28 months from initiation of
therapy. Of 64 seroconverted patients followed for at least 30
months of therapy, the tolerization rate was 93%. These
results show that although 12.8% of the patients on therapy
developed antibodies to the molecule, 90% of these patients
became tolerized over time.
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N 1882, PHILIP GAUCHER was the first to describe the of neutralizing antibodie¥;1° which impaired the clinical

finding of unusual large foamy cells in a patient with an efficacy of the molecule. The incidence of neutralizing antibod-
epithelioma of the spleen, now recognized as a hallmark ofes can be significant. For example, the development of
Gaucher disease. Subsequently, lipid abnormalities, relatedeutralizing antibodies varied from 30% to 50% of the patient
enzymology, and autosomal recessive inheritance were depopulation treated with interferdd:?° Immunologic reactivity
scribed!* Gaucher disease is the most prevalent lysosomals a key determinant in product efficacy.
storage disease affecting 20,000 to 30,000 individuals world- During alglucerase therapy, Gaucher patients generally re-
wide ? The pathology of the disease is associated with a marke@eived frequent infusions (often every 2 weeks) of milligram
accumulation of complex lipids, glucocerebrosides, in tissues irguantities of GCR. It is recommended that patients be moni-
conjunction with a defective activity of the enzyme glucocere-tored for a period of at least 18 months to assess their
brosidase (GCR). This results in an accumulation of glucocereimmunological response to therapy. The development of assays
brosides in cells of the spleen, liver, bone, and infrequently, theand immunosurveillance of 262 patients treated with alglucer-
brain, which ultimately impairs organ functidnin 1991, the  ase has been previously reportéd@hese findings indicated that
Food and Drug Administration (FDA) approved algluceraseWwithin the first year of therapy 13% of the patients developed
enzyme replacement therapy for Gaucher disease. The actiantibodies to the molecule and that a trend toward humoral
component consists of purified placental-derived GCR modifiedinresponsiveness was observed with several patients. This
to exposex-mannose residues on the oligosaccharide. Thesg¢eport describes the updated findings for over 1,100 patients
modifications improved the efficiency of targeting to the treated over the course of 5 years.
mannose receptor on macrophages in the reticuloendothelial
systenf:” Imiglucerase, a replacement therapy using a recombi-
nant form of this enzyme, was subsequently approved. Patients

A safety issue associated with the use of any therapeutic patients with documented Gaucher disease were treated with periodic
protein is the immunogenicity of the molecule and potentialinfusions of alglucerase (approximately 15 to 60 U/kg body weight,
development of immune-mediated complicati8ri3arameters  generally every 2 weeks). Blood was always drawn before the start of
that impact a molecule’s ability to elicit an immune responseinfusion. Samples were obtained from patients before the start of
include the size of the molecule, the structural or sequencgherapy (baseline) and at different times after initiation of therapy,
difference from the native protein, as well as the dose,generally at 3, 6, 9, 12, and 18 months. Serum samples were collected
frequency, and route of administration. An additional consider-PY centrifugation and stored at80°C until analyzed. The majority of
ation for patients with genetic diseases is that the endogenous
molecule may be absent, mutated, or produced in a conforma=
tion that renders it nonfunctional. Consequently, the native From Genzyme Corp, Framingham, MA.
protein could be recognized as foreign and elicit an immune Submitted December 31, 1997; accepted November 9, 1998.
response. Immunologic responses to both natural and recombj- Address reprint requests to Mireille Rosenberg, PhD, Genzyme Corp,
nant therapeutic proteins have been reported. Serum proteir%s“ﬁﬂuntag.Rd’.Fram'”ghimhMAo.“IOl'ng' ¢ .
such as insulif,growth hormoné?%tand Factor VIII'2as well @ publication costs of this article were defrayed in part by page

. . 3 14 - charge payment. This article must therefore be hereby métkeder-
as cytokines such as interferery® interferong, Interleqkln tisement”in accordance with 18 U.S.C. section 1734 solely to indicate
(IL)-2,%5 IL-3,%¢ and granulocyte-macrophage colony-stimulat- this fact.
ing factor (GM-CSFY” have been reported to induce antibody  © 1999 by The American Society of Hematology.

formation. Some of these proteins also elicited the development 0006-4971/99/9306-0007$3.00/0
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the samples were obtained as part of an immunosurveillance prograrted patients and nonseroconverted patients, as well as pooled normal
(provided by Genzyme Corp). human sera, were used for controls. Once a patient had been shown to
Eighty-four percent (1,003 of 1,183) of patients initiating therapy be positive for antibody to GCR by RIP, all subsequent samples from
with alglucerase in the Gaucher registry have been tested for antibodthat patient were evaluated by RIP regardless of the ELISA results.
status. Eleven percent (113 of 1,003) of those tested were found to be In vitro inhibition assay. An assay to measure inhibition of in vitro
antibody positive. enzymatic activity of the GCR enzyme was developed and qualified.
Though participation in the Gaucher Registry is voluntary and Serum samples were diluted 1/10 in substrate buffer (0.01 mol/L
submission of data may be incomplete, it is reasonable to assume thahosphate buffer, 2.3 mmol/L sodium taurocholate, 0.15% Triton
data included in this analysis are representative of the population 0X-100, 0.02% sodium azide, pH 5.9). A twofold dilution series of the

patients treated for Gaucher disease. sera was incubated overnight at 4°C with GCR (17.5 mU diluted from
the stock solution in substrate buffer; one unit is defined as the amount
Evaluation Criteria of enzyme required to hydrolyze 1 pmol of substrate in 1 minute at

To be included in this evaluation, patients were required to have af?"C)- The GCR activity was determined by subsequently incubating a

least one serum sample drawn at least 30 days past the first infusion &{10_d|lutlon of the mixture ('n substrate_buffer_) with a 6.6-mmollL
alglucerase. Patients with only a baseline sample, as well as thos?QéOIUt'On of pNPB-glucopyranoside (pNP, Sigma) in substrate buffer for

treated exclusively with imiglucerase, were excluded from this analysis.2 hours at 37°C with shaking. Enzymatic activity was interpolated from

Samples from patients receiving alglucerase who subsequently wer standard curve (3.5 to 0.3 mU) of GCR. Serum inhibition was

treated with imiglucerase were included in the study up to the timetheyex'are_Ssed as per_centage of activity remaining relative to the control
changed therapy. GCR incubated without serum. Pooled normal human sera, pooled sera

from Gaucher patients with inhibitory activity, and pooled sera from
GCR Gaucher patients without inhibitory activity were included as controls.
During qualification of this assay, it was established that 10% of normal
Clinical grade, unformulated, placental-derived GCR was used in allhyman sera and pretreatment Gaucher patients’ sera inhibited 10% to
the analyses. The enzyme’s carbohydrate structure was enzymaticallyogs of enzyme activity. Therefore, levels of up to 20% of inhibition
modified to yield a molecule with a terminal mannose residue foryere considered nonspecific.
enhanced macrophage targeting. The GCR was further purified over a adverse event testing.In addition to the methods described above,
Protein A (Pierce, Rockford, IL) column, as this preparation containedpatients who experienced hypersensitivity symptoms during treatment
small amounts of contaminating human 1gG that could give falsehad their sera further analyzed for the presence of serum tryptase, C3
positive results in the enzyme-linked immunosorbent assay (ELISA). products, and development of IgE to GCR. These assays were
. performed as described previously.
Patient Immune Response to GCR
ELISA IgG response. An ELISA developed as a screening assay for Clinical Response Parameters
the detection of antibodies in patients’ sera has been previously Four clinical response parameters: platelet counts, hemoglobin, liver
described and validated Briefly, 96-well microtiter plates were coated volume, and spleen volume (expressed as multiple of normal organ
overnight with GCR followed by 2 hours blocking with human serum volumes) were examined to identify statistically significant differences
albumin (HSA, Baxter Healthcare, Glendale, CA) in phosphate-in response between patients with different antibody status.
buffered saline (PBS). Wells were also coated with HSA because it is
used as an excipient in the formulation. Plates were incubated witfStatistical Analysis
patient sera at a 1/100 dilution in PBS-Tween, HSAfor_ 2 hour_s at37°C. Test of differences in frequency of category of disease type,
F’I_ates were was_hed followed by a subsequent 1-_h0ur incubation at 37,°_§enotype, and dose frequency were performed by Peafdest.
with a horseradish peroxidase-labeled goat antihuman IgG Fc specifi

tibody (Jack | h. West G PAY. O-bhenvienedi Comparison of response trends were conducted for patients who were
antibo y (Jac Son Immunoresearch, West trove, ). O-phenylene Ié\ntibody negative versus those who were antibody positive and those
amine (OPD; Sigma, St Louis, MO) was used as a substrate and th

) ; &ho had inhibitory antibodies. Using a weighted analysis of variance,
color reaction measured at 490 nm. Assay controls included thre

it ; led q f tive Gauch tient roups were compared to determine whether there were differences in
fmerent pooled sera prepared Irom seronegative aucher patien esponses achieved over time on enzyme therapy in any of the four

Ser°°°'_“"?”ed GaL_Jc_her patients sera,_and normal human sera. T}?:‘ﬁnical parameters. The group comparisons included antibody positive
upper limit of reactivity to GCR was defined as 2 standard deviations

b h | ¢ iall ilabl led h versus antibody negative patients, patients with inhibitory antibodies
above _t € mean value of commercially avaliable pooled human Serge g ;s those without inhibitory antibodies, and patients with inhibitory
(Scantibodies Laboratory, Santee, CA). All serum samples with value

Sntibodies versus those without antibodies. Patients included in these

abo;(e ﬂ:.e esftabllshft_a d ng;mgl reing(";erRvgrethsubsdgq'u ently testeq _f%{roup analyses had intact spleen at the start of therapy. In addition,
contirmation of spectlic antibodies to in the radioimmunOPrecipl- o4y ation time points were excluded following periods of interruption

tation assay. o . o in enzyme therapy of greater than 3 months.
Radioimmunoprecipitation. A radioimmunoprecipitation (RIP) as-

say developed as a confirmatory assay for antibodies to GCR has been RESULTS

previously described! Briefly, GCR was iodinated using lodobeads .

(Pierce) following the protocol recommended by the manufacturer.S€roconversion

Patient sera was incubated withif] GCR overnight at 4°C with A patient was considered to have developed a circulating
copstant mixing. The following ‘day Sepha_rose bound Protein A bead?mmune response to GCR (ie, seroconverted) if both the ELISA
(Sigma) were added to the mixture and incubated for 1 hour. Afterand the RIP assay were positive. GCR-specific circulating

extensive washing, the immune complex was precipitated by centrifuga- . . . .
tion, the pellet resuspended in sodium dodecyl suh‘ate—polyacrylamid@nt'bodles were not detected in any of the patients before the

gel electrophoresis (SDS-PAGE) sample buffer (sepraSol, ISS, NatickStart of the.rapy. Of the 1,122 evaluable patl.ents (Table 1), a total
MA), boiled, and the samples separated through a 10% separating g&f 142 patients (12.8%) seroconverted while on therapy. These
(Biorad, Hercules, CA). After drying the gel, the radioimmunoprecipi- patients’ sera all had above normal range ELISA values, and the
tate was visualized via autoradiography. Pooled sera from seroconvepresence of GCR-specific antibody was subsequently confirmed
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Table 1. Seroconversion and Adverse Events for Gaucher Patients
Treated With Alglucerase

Total no. of patients with serum sample tested 1,430
Patients with at least one serum sample beyond baseline 1,122

No. of patients seroconverted while on therapy 142
% of seroconverted patients 12.65
No. of patients with reported adverse events 74
No. of seroconverted patients with reported adverse events 34

Immunosurveillance of Gaucher patients treated with alglucerase.
Summary of occurrence of seroconversion and immune-mediated
adverse events of patients evaluated.

by RIP. The time course of seroconversion is shown in Fig 1

after initiation of therapy. The median time to seroconversion
was 6 months with a mean time of 8.2 months. The majority
(87.5%) of the patients seroconverted within the first year of

2083

Inhibitory Antibodies

The presence of inhibitory antibodies was evaluated by the
ability of patient’s serum to interfere with the in vitro enzymatic
activity of GCR using pNP as a substrate. The patient's sera
were incubated overnight with GCR having a known enzymatic
activity. The percent inhibition represents the loss of activity
due to antibody binding. This assay does not discriminate
between inhibitory and neutralizing antibodies, ie, an antibody
binding the catalytic site of GCR and/or an antibody causing
steric hindrance versus an antibody that interferes with the
clinical effect of the therapeutic molecule. Validation of this
assay demonstrated that the sera of normal individuals, as well

. . ‘as pretreatment sera of the Gaucher population, inhibited GCR
Most patients (109 of 142) seroconverted within 3 to 9 months

enzymatic activity at levels ranging from 0% to 20%. Only
patients who were found to have seroconverted were tested for
potential presence of inhibitory antibodies.

No inhibitory activity was detected in sera of most serocon-

therapy. Seroconversion occurring more than 12 months afte\r/erted patients (75%). Sera from an additional 15% of the

initiation of therapy may actually have occurred earlier, as
serum samples drawn within the first year of therapy were no

t

seroconverted patients inhibited GCR enzymatic activity by

<50%. This low level of inhibition was generally transient in

always available for analysis. None of the patients in this studythese patients. This finding is illustrated in Fig 2A. Sera from

developed antibodies to HSA, an excipient used in the alglucer.

ase formulation.

one patient representative of the group with low levels of
inhibition were serially diluted (1/10 to 1/80) and analyzed for

Astatistical analysis was performed to determine whether thg . ivwion of GCR activity. A small level of inhibition was
disease type, genotype, or dose frequency had any impact on

seroconversion. The majority of both antibody positive and
antibody negative groups reported type | disease (935 patients
The distribution of disease types did not differ between those
with antibodies and those withoy{ P = .37).

Patients who developed antibodies were as likely to have th

N370S allele as those who did not develop antibodi@sR =
.71). The same was true for the L444P allel P = .23).
Additionally, N370S homozygoity was equally prevalent in
both the antibody positive and antibody negative groygs (
P = .28). Regarding dose frequency, every 2 weeks was the
most common initial dose frequency (81%) among registry
patients who were tested for antibodies. Those who develope
antibodies were as likely to be treated at this frequency as an
other (2, P = .60).

50

Number of seroconverted patients

>24
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Time post Initiation of Therapy (months)

19-24

Fig 1. Time to seroconversion for Gaucher patients treated with
alglucerase. Sera from patients with at least one sample beyond
initiation of therapy were analyzed by ELISA and RIP. A patient was
considered seroconverted if a positive ELISA result was confirmed by
RIP.
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Fig 2. Titration of in vitro inhibition of GCR enzymatic activity by
sera of seroconverted Gaucher patients. (A) Representative patient
sera showing <50% in vitro inhibitory activity. Transient inhibition
was detected when pretreatment, 13, 15, and 18 months posttreat-
ment sera were compared. (B) Patient sera showing >50% inhibition,
comparison to normal human serum (NHS) and different time points
in therapy.
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detected at 13 months after initiation of therapy. By 15 monthsyitro inhibition of enzyme. Fifteen patients who exhibited
it was below 20% and not detectable at 18 months. Only 10% of>50% in vitro inhibition were examined. Three of these
the patients (1.2% of the total tested population) who seroconpatients were receiving immunosuppressive therapy to manage
verted were found to have antibodies that could inhibit morethe inhibitory antibodies and were clearly thought by their
than 50% of the in vitro activity of the enzyme. Figure 2B physicians to have had either inadequate clinical responses or
illustrates inhibition results for a patient representative of thatdeterioration of clinical responses. Eight of the remaining
group. It is significant to note that the presence of inhibitory patients had sufficient data for evaluation (Table 2). For these
antibodies, as determined by the in vitro assay, did not alwayspatients, the mean time to detection of inhibitory antibodies was
correlate with a decrease in clinical efficacy. A review of these11 months with a range of 3 to 19 months. The mean time to
individual cases indicated that antibodies may have had awmletection of initial IgG antibodies was 6 months with a range of
impact on less than 1% of the treated population. Very few3 to 12 months. Three of these eight patients tolerized after 59,
patients required a specific change in therapy due to tha7, and 17 months, respectively. Two of the eight patients
presence of inhibitory antibodies and therefore developed trughowed a deterioration of clinical response in the parameters
neutralizing antibodies. One of these patients had type lllavailable. One of these patients experienced a decreased
Gaucher disease. Three patients with neutralizing antibodiegesponse in platelet count. However, the resulting value was
have been recently describ&®? Interestingly, analysis of a only slightly below normal. Of important note, this patient's
recent serum sample of one of the described patients showeddbse was reduced 50% 2 to 3 months after development of
decrease in reactivity to the molecule and disappearance dhhibitory antibodies; this dose reduction may have also played
neutralizing antibodies. a role in the decreased response. The second patient who
showed a deterioration in response had only platelet counts
available for assessment. This patient’s platelet count decreased
Clinical data regarding hematologic and organ volume re-31% to 97,000/mrh The patient’s dose of enzyme was reported
sponse were available for review through the Gaucher Registryo have been increased after the development of inhibitory
for a substantial number of patients who had demonstrated imntibodies and the platelet count subsequently improved.

Clinical Analysis

Table 2. Individual Clinical Responses Pre- and Postconversion in High Titer Patients (n = 8)

Time to Hemoglobin Platelet Acid Phos
Patient Spleen a/b (mo)* Treatment Historyt B C P B C P B C P
A Intact 7 120, |60 @ 17 mo 115 12.8 13.6 61 155 142 17.9 6.2 53
B Total Splenectomy 14 120, |60 @ 17 mo 14.6 15.2 14.4 163 243 144 17.1 8.9 9.4
1117 @ 40 mo
C Intact 9 120 X 29 mo 9.9 12.0 13.4 21 22 37 13.3 6.8 5.4
D Intact 10 120,1 100 @ 9 mo 11.8 12.4 12.3 107 139 150 7.6 4.3 4.4
E Intact 12 120, |60 @ 11 mo 11.6 14.2 13.4 97 142 141 15 0.7 0.7
F Intact 3 320 X 14 mo§ 5.3 11.0 12.9 53 97 143 NA
G Intact 19 120, |60 @ 4 mo|| 10.2 9.2 10.7 61 90 87 88.7 70.3 74.1
H Intact 10 120, 7180 @ 14 mof NA 61 140 97 NA
Liver Volume Spleen Volume
Patient B C P B C P Bone
A NA NA NA
B NA NA TUptake at the 16-month evaluation
C 1.8x 111 117 23.6x 18.6x 12.5x NA
D NA NA Baseline: R hip infarct and pain.
MRI improved and bone pain resolved at 18-month evaluation.
E 1.17x 1.04x 0.9x 6.8x 4.49% 3.9x NA
F NA NA NA
G NA Improved by PE NA
H NA NA NA

BCP denotes Baseline (B), Conversion (C), and Postchange (P) values. Postvalues are 4 to 8 months postconversion, unless otherwise indicated.

Abbreviations: NA, not applicable; PE, physical exam.

*Time to detection of inhibiting antibodies.

tTreatment history indicates initial dose in U/kg/4 weeks followed by dose adjustment and timing of dose adjustment.

fPatient (D) had a dose interruption for 1 month after 4 months of ERT. On resuming therapy, the patient received 34 to 80 U/kg/4 weeks during
months 6 to 8. The dose was then increased to 100 U/kg/4 weeks. Spleen volume was 3 cm below costal margin at pretreatment. After 19 months
on ERT, spleen was nonpalpable. Bone involvement improved on MRI and bone pain resolved.

§Patient F has Type Il disease.

|[Patient G interrupted therapy after 5 months on ERT. The interruption lasted for 8 months. The dose at the time of therapy resumption was
60 X 2.

fPatient H has platelet count data available only. Patient refuses other evaluations. Dose increase at 14 months was reported to be due to
inadequate response.
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Of the 22 patients who had low levels:$0%) of inhibitory ~ negative patients. The slight differences were not observed at
antibodies detected, there were 12 for whom sufficient data watater time intervals when the number of patients with observa-
available to evaluate the impact of these antibodies on clinications was sufficient for conclusions, ie, greater than three. Using
response. The mean time to detection of inhibitory antibodiesa weighted ANOVA, no significant differences were observed
for the 12 evaluable patients was 9 months with a range of 3 tdetween responses in any of the group comparisens (05).

17 months (median, 8 months). Nine of these 12 patients Insummary, the presence of inhibitory antibodies in Gaucher
tolerized after a mean time of 24 months on therapy with a ranggatients treated with alglucerase does not necessarily denote
of 7 to 53 months (median, 20 months). Only one of the 12reduced effectiveness of therapy. Rather inhibition of clinical
patients evaluated appeared to have clearly not maintainegffectiveness was restricted to a small fraction of patients,
responses in the clinical parameters after the development gfarticularly those with inhibition of>50% in the assay
inhibitory antibodies. Two additional patients had variable described.

clinical responses, which are somewhat difficult to interpret. )

Four clinical response parameters, two laboratory parameterjéjnmumlog'cany Related Adverse Events
(percent change in platelet count [ffjrand absolute change in Seventy-four patients (about 5% of the total treated popula-
hemoglobin [g/dL]), and two visceral organ parameters (percention) reported symptoms suggestive of imnmediate hypersensitiv-
change in liver volume [multiples of normal (MN)] and percent ity during the time of infusion or shortly thereafter (Table 1).
change in spleen volume [MN]) were examined to identify The majority of these patients had mild cutaneous symptoms,
statistically significant differences in clinical response betweerwhich included urticeria, flushing, and pruritis. All patients
patients with different antibody status. Registry patients onrecovered quickly and without sequalea. Patients were able to
alglucerase therapy with an intact spleen at baseline and knowgontinue treatment and their symptoms were managed by
antibody status were included in the analysis. Data wasslowing the rate of infusion as well as administration of
restricted to that collected while on alglucerase therapy andntihistamines. Patients were tested for the presence of IgG or
prior to any interruption in therapy of more than 3 months. IgE specific to GCR. While 34 of the 74 patients who
Organ volume multiples of normal refer to normal volume experienced symptoms of hypersensitivity developed IgG-
predicted for body weight approximately 2.5% and 0.2% of specific antibodies to GCR, only one patient was found to have
body weight for liver and spleen, respectively. IgE antibodies (0.06% of the total treated population). Most of

Two comparisons were performed: antibody negative pathe adverse events occurred during the first year of therapy (Fig
tients (n= 406) versus those who were antibody positiven  3). A difference was observed between the time of onset of an
60) and antibody negative patients ¢ 406) versus those
antibody positive patients with inhibitory antibodies £n20). 20 A
Two samplet-test was used to compare baseline values of
clinical response parameters. To compare response over time -
each of the clinical response parameters, the slope of chanc
from baseline for each patient was determined by simple Iineaa
regression. Both percent and absolute changes were examineg
The differences between the slopes of groups differing in“a
antibody status were assessed by weighted analysis of variani g
(ANOVA), weighted by the number of observations within
patient contributing to the slope.

There were no statistically significant differences in any of
the four clinical response parameters at baseline within eithe
the two groupings (two-sampteest, allP > .05).

Comparisons of clinical responses of patients with antibodies 20
(n = 60) to patients without antibodies & 406) showed no B
significant differences in platelet count response (% changt.
mm?; P = .13), hemoglobin response (absolute change g/dL;
P = .58), liver volume (% change MNR = .48), spleen volume
(% change MN;P = .32). Clinical responses over time for
patients with inhibitory antibodies (& 20) were not different
compared with those patients without antibodies=<(406) in
any of the four parameters: platelet count response (% chang &
MN; P = .22), hemoglobin response (absolute change g/dL;Z
P = .78), liver volume (% change MNB = .75) spleen volume 0
(% change MN;P = .59). No meaningful differences were
observed in mean clinical responses between antibody positiv
and antibody negative patients when examined as groups.
Patients with inhibitory antibodies achieved only slightly _Ie_sser Fig 3. Time to adverse event for Gaucher patients treated with
responses at 12 and/or 18 months that were not Cllmca”yalglucerase in seroconverted patients (A) and in nonseroconverted
different from patients with noninhibitory antibodies or antibody- patients (B).
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Fig 4. ELISA reactivity and tolerization to GCR in six representative seroconverted patients. Sera from individual patients were analyzed
during their course of therapy by ELISA and RIP. The arrows indicate the time of seroconversion (RIP+) and the time of tolerization (RIP-). A patient
was considered seroconverted if a positive ELISA result was confirmed by RIP and tolerized if after seroconversion, both ELISA and RIP of
subsequent sera samples were negative.

adverse event and patient antibody status. Patients who serocon-Humoral tolerization was evaluated in patients treated for at
verted generally experienced adverse events within the first 14east 1 year (Table 3). Of the 122 seroconverted patients
months of therapy, with a median time of 7 months and a mearfollowed for at least 1 year from the start of therapy, 82 were
of 6.6 months (Fig 3A). Nonseroconverted patients experiencedound to be subsequently negative in both the ELISA and the
adverse events at different times ranging from the day of firstRIP and were therefore considered tolerized. The median time
infusion up to 48 months poststart of therapy with a medianto tolerization was 24 months, while the mean time was 28
time of 6 months and a mean of 10.9 months (Fig 3B). months from start of therapy. Because not all seroconverted
patients had samples tested for extended periods beyond the
initiation of therapy, seroconverted patients with samples be-
After seroconversion, many patients exhibited an increase iryond 30 months of therapy (past the mean time of tolerization)
the levels of antibodies to GCR, as demonstrated by an increasgere analyzed. Of the 142 seroconverted patients, 69 had
in ELISA absorbency values and a sustained or increased RIFamples beyond 30 months of therapy, and 64 of those patients
signal. However, with ongoing treatment, a gradual decrease in
the assay signals was observed. Figure 4 is a composite of six o ] ]
representative patients on therapy. This decrease in reaCtiVitJable 3. Tolerization for Gaucher Patients Treated With Alglucerase

Humoral Tolerization

was initia”y manifested by a reduction in intensity in the Time Postinitiation of Therapy Tolerized  Nontolerized % Tolerized
ELISA, followed by a subsequent decrease in intensity of the >12 months therapy (n = 122) 82 40 62.7
RIP signal. Over time, the patients’ serologic reactivity to GCR >30 months therapy (n = 69) 64 5 93

was .no longer ) detectable and the patients Wer.e therefore A decrease and ultimately absence of antibody to GCR (tolerization)
_cons!dered tolerized. Ge‘_nera”)’v patients were considered t0lefy,s noted in seroconverted patients on prolonged treatment with
ized if after seroconversion, both the ELISA and the RIP assayiglucerase. A patient was considered tolerized if after seroconver-

were negative for two consecutive samples. sion, both ELISA and RIP of subsequent sera samples were negative.
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(93%) were tolerized to the therapeutic molecule. Five patientdactor VIII, has been the treatment of choice. More recently, it
were still showing positive ELISA and RIP reactivity. Two has been reported that recombinant staphylokinase given to
patients receiving immunochemotherapy were excluded fronpatients with myocardial infarctions can rapidly induce neutral-
this analysis because this treatment inherently affected theiizing antibodies, even within 2 weeks of treatmé&hiThe

ability to produce antibodies. development of neutralizing antibodies have also been reported
in cytokine therapy. Injections of IL-3, given subcutaneously or
DISCUSSION intravenously, resulted in 50% of the animals developing

The use of alglucerase enzyme therapy for Gaucher diseadteutralizing antibodie¥ Similar results have been reported for
has proven to be efficacious in treating this genetic disorder!L-2 in humans, although it has been suggested that the use of
Visceromegaly or hematologic abnorma"ties were arrested ”{he natural moleCUIe was not |nh|b|ted by the antibodies raised
most patients with concomitant improvement in quality of life. t0 the recombinant molecuté.Extensive studies performed
Bone involvement, although less understood, also can bavith subcutaneous injections of interferon alpha or beta,
improved with enzyme therap§An ongoing concern with any ~ reported that 30% to 50% of the patients develop neutralizing
protein therapeutic is the immunologic response to the treatantibodies:1820
ment molecule. We previous|y reported in a Study of 262 The development of neUtraliZing antibodies to GCR has been
patienté! that approximately 13% of the Gaucher patient rare, in contrast, most of the antibodies elicited to GCR were not
population developed an antibody response to GCR, whictinhibitory. Only a small percentage of the seroconverted
became diminished with time in some patients. This reportpatients had transient low inhibitory antibodies, the nature of
describes our immunologic findings from 1,122 treated patientswhich is not clear. Of the patients who did have higher levels of
confirming our previous results that only a relatively small in vitro inhibition, the majority did not have this inhibitory
percentage of patients (12.8%) produce antibodies to th@ctivity correlate with deleterious effects on clinical efficacy.
therapeutic molecule. This percentage appears to be lower thabhese patients may have developed a polyclonal response that
what has been reported in the literature for other therapeuti¢learly inhibited the molecule’s in vitro enzymatic activity, yet
molecules. Interferon alpha given subcutaneously in chronigvere clinically irrelevant. Because the enzyme must be active
hepatitis patients resulted in 50% of the patients developingvithin the lysosomes of macrophages, it may be that serum
antibodieg® while given intramuscularly to metastatic renal binding is not relevant. Antibodies may, in fact, enhance the
carcinoma patients, it resulted in 63% of the populationuptake of the enzyme via Fc receptors. Very few patients had
developing antibodie’® The general incidence of antibody their clinical response deleteriously effected by the develop-
production for insulin given subcutaneously was reported agnent of antibodies to GCR and clearly developed neutralizing
20%? However, a study administering insulin intraperitoneally antibodies. One of these patients stopped therapy, while the
indicated that 40% of the patients had antibodies in serunother three patietd?® were treated with immunosuppressive
within 1 year of treatmerf€ emphasizing the importance of regimens, but continued receiving enzyme therapy due to
route of administration. Experience with growth hormone hasdeterioration of their condition. This very low incidence of
been varied primarily due to differences in the source and purityclinically relevant neutralization stands noticeably different
of the molecule. However, an incidence of up to 60% of from the experience with Factor VIII.
seroconversion has been documeriteRecently, it has been An interesting trend described in our previous study was the
reported that administration of a genetically engineered humandevelopment of humoral tolerance with continued treatment.
ized anti-tumor necrosis factor (TNF) antibody gave rise toOur current study confirmed this finding, that with time, the
specific antibodies in 30% of the patiefts. antibody response to GCR is not sustained. The serologic

The lower incidence of antibody production to GCR may response became abrogated despite the fact these patients
reflect several parameters related to immunogenicity. Of significontinue to be infused with enzyme at the same dose and
cance is the fact that the enzyme is generally not absent ifrequency. These findings suggest that patients developed a
Gaucher patients, merely present in a nonactive mutated fornstate of B-cell unresponsiveness toward the therapeutic mol-
Second, many therapies are given subcutaneously and therelegule. This observation has also been reported with other
come in contact with antigen-presenting cells. Alglucerase igherapies. Immunologic tolerization was reported for interferon
given intravenously over a period of hours, and the enzyme getalpha treatment in hairy cell leukenf®After a median of 14.5
readily distributed to target tissues. Last, because the moleculemonths, nonneutralizing antibody patients became seronega-
is targeted to the mannose receptor on macrophages, these ceilge. Within 10 months of the development of neutralizing
do not “see” the molecule in the context of major histocompat- antibodies, 50% of those patients became nonneutralizing and
ability complex (MHC) presentation and may more readily another 30% became seronegafi¥&Vvith alglucerase treat-
recognize GCR as a self-antigen. ment, 80% of the patients developed humoral tolerance to the

As more protein therapeutics are becoming available, reportsnolecule within 2 years of treatment and 93% within 30
in the literature citing the development of antibodies that canmonths. In addition, most of the antibodies detected were not
neutralize the efficacy of the protein are more common. Some ofeutralizing, differentiating the reactivity to GCR from that
the first reports of inhibitory antibodies were for Factor VIII reported generally for other protein therapies.
replacement therapy. The prevalence has been reported at 14%,In conclusion, this evaluation demonstrated that alglucerase
with the most severely affected patients developing predomitherapy does not cause major immunological consequences for
nantly IgG4 subclas¥ To overcome those inhibitory antibod- Gaucher patients. The molecule is not immunogenic in the
ies, immunosuppressive therapy, combined with a high dose afajority of the patients. In a small percentage (12.8%) of the
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treated population, patients seroconvert, but became tolerized 14. Knobler RL, Greenstein JI, Johnson KP, Liblin FD, Panitch HS,
with time. In general, the presence of antibodies does not affecéonway K, Grant-Gorsen SV, Muldoon J, Marcus SG, Wallenberg JC,
the efficacy of the therapy. Of the 74 patients experiencingW””amS GJ, Yoshizawa CN: Systemic recombinant human interfgron
putative immune-related adverse events, only 34 were found tgeatment of relapsing multiple sclerosis: Pilot study analysis and six
have developed IgG specific to GCR, and only one patient ha¥e2" follow-up. J Interferon Res 13:333, 1993

. - Lo ; 15. Allegretta M, Atkins MB, Dempsey RA, Bradley EC, Konrad
developed IgE antibodies to GCR. This incidence was conS|der,-v|Wy Childa A, Wolfe SN, Mier JW: The development of anti-

ably lower than what has been reported for many other prme"?nterleukin 2 antibodies in patients treated with recombinant human
therapies. The mechanism by which nonseroconverted patient§terleukin-2 (IL-2). J Clin Immunol 6:481, 1986

manifest immune-mediated symptoms is unclear, but could be 16. van Gils FC, Westerman Y, Visser TP, Burger H, Van Leen RW,

related to release of other factors such as cytokines. This studywagemaker G: Neutralizing antibodies during treatment of homologous
supports the rationale that continued treatment of patients whoonglycosylated IL-3 in rhesus monkeys. Leukemia 8:648, 1994

have developed antibodies is warranted. 17. Kato Y, Yamamoto M, lkenaga T, Shintome T, Asano M, Okabe
M, Hara T, Deguchi T: In vivo effect of human granulocyte stimulating
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