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1. Introduction
Genzyme has submitted the NDA for Cerdelga (eliglustat tartrate) for the following indication:
1) Long term treatment of adult patients with Type 1 Gaucher Disease who are CYP2D6
poor, intermediate or extensive metabolizers.
This submission was comprised of multiple clinical trials delineated below in Table 1. The
substantial evidence of efficacy and safety was based on two phase 3 trials (GZGD02507ENGAGE, GZGD02607–ENCORE) and one phase 2 trial (GZGD00304) and safety based on
three phase 3 trials (GZGD02507- ENGAGE, GZGD02607–ENCORE and GZGD03109 EDGE) and one phase 2 trial (GZGD00304).These trials are described below in Table 1.
Table 1: Studies/Clinical Trials for Eliglustat

Table reproduced from Medical review, Dr. Karyn Berry

I have concluded that there is sufficient evidence of clinical benefit to justify acceptance of
this NDA as evidence of efficacy and safety, as fulfilled. I do agree that the indication for
Cerdelga should be labeled accordingly, as: Long-term treatment of adult patients with
Gaucher disease type 1 who are CYP2D6 extensive metabolizers (EMs), intermediate
metabolizers (IMs), or poor metabolizers (PMs) as detected by an FDA-cleared test. My
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review will focus on the salient issues related to this risk/benefit assessment as a
recommendation to the Signatory, Dr. Amy Egan.

2.

Background

Gaucher disease is the most common of the lysosomal storage diseases. It is inherited as an
autosomal recessive trait and is caused by a deficiency of β-glucocerebrosidase activity. This
enzyme deficiency results in accumulation of glucosylceramide in tissue macrophages,
particularly in the liver, spleen, bone marrow, and lungs. These lipid-filled macrophages are
the so-called “Gaucher cells” characteristic of the disease. Gaucher disease is a clinically
heterogeneous disorder, with three main phenotypes based on the presence or absence of
primary neurologic disease and severity of neurologic disease. Type 1 Gaucher disease is the
most common variant and accounts for about 94% of all Gaucher cases. Type 1 Gaucher
disease does not involve the CNS. Typical manifestations of type 1 Gaucher disease include
hepatomegaly,
splenomegaly,
thrombocytopenia,
bleeding
tendencies,
anemia,
hypermetabolism, skeletal pathology, growth retardation, pulmonary disease, and decreased
quality of life. The estimated worldwide incidence of type 1 Gaucher disease is 1 in 50,000 to
100,000. Further details of the indication can be accessed through the Medical Review
summary.
Cerdelga (eliglustat tartrate), a SRT, is a new molecular entity. It is a member of a novel class
of glucosylceramide (GL-1) synthase inhibitors that resembles the ceramide substrate for the
enzyme (Figure 1).

Figure 1: Eliglustat tartrate chemical structure
Pharmacological class: Glucosylceramide (GL-1) synthase inhibitors
Eliglustat is a potent and specific inhibitor of glucosylceramide synthase. Inhibition of
glucosylceramide synthase by eliglustat results in a reduction of the accumulation of
glucosylceramide, thereby allowing the patient’s residual endogenous acid β -glucosidase
levels to clear the substrate. This biochemical pathway is reproduced below (Figure 2)
demonstrating the critical interaction between glucocerebrosidase and the GL-1 synthase
involved in reformation of GL-1.
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PBPK Reviewer:

Yuzhuo Pan, Ph.D., Ping Zhao, PhD

Overall, the application was found to be acceptable for approval recommendation to Dr. Egan.
This approval though is based on the outcome of the ongoing negotiations with the Applicant
concerning the labeling of Cerdelga. Clinical Pharmacology has recommended changes to:
1) The proposed dosing regimen, for Partial metabolizers (PMs)
2) Labeling revisions, especially related to drug-drug interactions; and
3) Post-marketing requirements/commitments that assess hepatic and renal impairment on
eliglustat PK (see Section 13 - Recommendations/Risk Benefit Assessment).
1. Effect of CYP2D6 Genotype on Cerdelga Metabolism and QTc Effects:
One of the major issues with this application centered on the CYP2D6 genotype metabolizer
status of the patients as the metabolism of Cerdelga is intimately associated with this
polymorphism. This genotype status also impacted the cardiovascular effects specifically on
the QtC interval. A key safety concern for Cerdelga is the potential for significant drug-drug
interactions. Though the result of the TQT was “negative”, eliglustat increased the QTc and
PR intervals in a concentration dependent manner. Based on the concentration QT
relationship, there appears to be no QTc related safety concerns for drug concentrations below
250 ng/ml. As noted in the QTc evaluation here was a concentration dependent increase in
QTc. An increase in ΔΔ QTcF is observed with increasing drug concentration. The mean
(upper 90% CI) predicted ΔΔQTcF at the mean Cmax of 16.7 ng/ml and 237 ng/ml for the 200
mg and 800 mg doses achieved in the QT study are 0.18 (1.7) ms and 6.06 (8.9) ms. For a
Cmax of 250 ng/mL, the mean (upper 90% CI) of ΔΔQTcF are predicted to be 6.4 (9.4) ms,
which is below the regulatory threshold (Table 9). Thus based on the concentration-QT
relationship, clinical pharmacology reviewers identified no QT related safety concerns for drug
concentrations below 250 ng/mL (Tables 3 and 4, below)
Table 3: Predicted change of ΔΔQTcF interval at geometric mean Cmax of eliglustat
observed in the thorough QT study
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Table 4: Predicted QT prolongations at the steady state mean Cmax of 250 ng/mL

Predicted mean
(90%CI, ms)
change in

At mean Cmax of 250
ng/mL

QTcF

6.4 (3.4, 9.4)

PR

11.2 (8.9, 13.4)

QRS

3.5 (1.9, 5.1)

Source: Clinical Pharmacology review

2. Implication of Genotype and Drug-Drug Interactions
PD/PK modeling suggests that there is a potential for prolongation at concentrations that could
be achieved with significant drug-drug interactions. Drug-drug interactions and pre-existing
cardiac disease, specifically AV nodal disease will be important considerations in dosing
patients to minimize risk of adverse reactions. These will need to be clearly described in the
product label. The reader is referred to the Clinical Pharmacology reviews for further details.
The label will reflect appropriate dosing recommendation for each of the metabolizer
genotypes. As a result of new data presented at the late cycle meeting, the sponsor indicated
that several study subjects originally classified as CYP2D6 intermediate metabolizers (IMs)
have been reclassified as extensive metabolizers (EMs) (see Dr. Shang’s clinical
pharmacology review addendum for details on reclassification and studies being affected by
this reclassification). Because the reclassification does not affect datasets used for model
development, simulation results remain unchanged. However, observed PK values used for
comparison with simulated values in several figures and tables should be updated with new
information which is available in Dr. Shang’s review.
The final dose recommendations for all CYP2D6 metabolizer status are reflected below in
Tables 5-7:
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level, liver volume, and platelet count. The currently ongoing Open-Label Treatment Period
suggests a sustained efficacy profile with respect to the aforementioned four parameters.
Efficacy was further supported by the ENCORE trial (in previously treated patients), which
demonstrated that patients who had reached therapeutic goals with CEREZYME remained
stable 52 weeks after switching to oral treatment with eliglustat. The currently ongoing LongTerm Treatment Period suggests that this maintained clinical response is durable in the long
run.” The Statistical Reviewer, Benjamin Vali supported the adequacy of the ENGAGE trial
to support approvability. Primary and secondary endpoints in the ENGAGE trial were
statistically significantly different. Please see statistical review for further details.
1. GZGD02507 (ENGAGE)-Phase 3 Treatment Naïve Patients
Table 8: Comparison of Organ Volume and Hematology Results from ENGAGE and the
Phase 2 Trial

Reproduced from CDTL review, Dr. Dimick
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Importantly, the issue of impact of Cerdelga on Bone Mineral Density and Marrow Burden
changes was not deemed to be clinically meaningful and used non-validated measurement
assessments. Further details are described in review of Drs. Berry and Dimick.
2. GZGD02607 (ENCORE)-Phase 3 Switchover of patients from Imiglucerase
(Cerezyme):
Concerns were raised by Benjamin Vali concerning the ENCORE trial (the supportive trial)
related to the non- inferiority margin of 25% that was pre-specified for the primary efficacy
assessment. This margin was deemed clinically unacceptable by the clinical review team.
There was also no agreement on the non-inferiority margin of 15%, proposed for the
additionally requested assessment of percentage change from baseline in spleen volume.
Benjamin Vali notes that the “non- inferiority margin of 25% that was pre-specified for the
primary efficacy assessment. This margin was deemed clinically unacceptable by the clinical
review team. There was also no agreement on the non-inferiority margin of 15%, proposed for
the additionally requested assessment of percentage change from baseline in spleen volume.
Neither of these margins was acceptable from a statistical perspective. Each margin was
chosen by the applicant based on the data from phase 2 study GZGD00304, which was an
open-label study in 26 treatment-naïve adult GD1 patients who received monotherapy with
eliglustat. It was not feasible to assess assay sensitivity when evaluating the proposed noninferiority margins without a placebo-controlled trial with CEREZYME. Note that a placebocontrolled trial with CEREZYME has never been conducted. In addition, the aforementioned
hypothetical placebo-controlled trial with CEREZYME would have to utilize the same trial
design and also be in the same population of patients as those studied in ENCORE to ensure
constancy. The differences between the GZGD00304 and ENCORE study designs and patient
populations ultimately precluded the constancy assumption from being met.” Dr. Dimick states
that “While the noninferiority margin was not ideal, the overall results of the trial supported
the efficacy of eliglustat in previously treated GD1 patients.” Dr. Dimick and the Clinical team
based this on the analysis of an alternate primary efficacy endpoint which was the percentage
(%) of patients who remained stable for 52 weeks (the primary analysis period) assessed for
both treatment groups separately along with a difference between the 2 treatment groups. For a
patient to be considered to have demonstrated a clinically meaningful response to treatment
with eliglustat or Cerezyme, patients must have remained stable in hematological parameters
(hemoglobin levels and platelet counts), and organ volumes (spleen, when applicable, and liver
volumes in multiples of normal [MN]). As she notes that ENCORE was an open-label study,
the design was appropriate per the measurement/evaluation of the endpoint values based on the
blinded image evaluations and objective laboratory measures which would not be expected to
introduce bias. In addition, a double-blinded study would have been difficult to conduct
because a double-dummy (i.e., additional placebo IV QOW for patients randomized to receive
eliglustat or additional placebo capsules BID for patients randomized to receive CEREZYME)
would have to be instituted in order to ensure study blinding.
Tables 9 and 10 below reflect the data analyses from this trial supporting efficacy and
durability of response of Cerdelga in the treatment of adult Gaucher disease.
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Table 9: Summary of Values and Percentage Change in Spleen Volume (MN) from
Baseline to Week 52: Per Protocol Set

Reproduced from CDTL summary, Dr. Dimick

Table 10: Summary of Percentage of Patients who remained stable for 52 Weeks:
Composite Endpoint: per Protocol set

Reproduced from CDTL summary, Dr. Dimick

Specific details regarding bone density results and metabolizer status are discussed by the
Medical reviewer and summarized in the CDTL memorandum. The labeling implications for
these issues reflects the absence of specific bone related effects of Cerdelga and the DDI
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concerns of Cerdelga with recommended dosing adjustments described below. I agree with
these assumptions and data analysis to support an approval recommendation for Cerdelga.

8. Safety
The reader is referred to the Safety analysis of Dr. Berry, Medical officer. Particular issues
worthy of comment are related to the analyses of safety related to potential of cardiac events
related to the potential effects of DDI. Concerns of cardiac specific ADRs were reviewed, in
light of the results of the TQT study which were deemed “negative” (see Clinical
Pharmacology Section 5.1). According to the medical reviewer, eliglustat increased the QTc
and PR intervals in a concentration dependent manner. Based on the concentration QT
relationship, there appears to be no QTc related safety concerns for drug concentrations <250
ng/ml. PK/PD modeling suggests that there is a potential for prolongation at concentrations
that could be achieved with significant drug-drug interactions. Drug-drug interactions and preexisting cardiac disease, specifically AV nodal disease will be important considerations in
dosing patients to minimize risk of adverse reactions. These issues have been discussed above
in Clinical Pharmacology and had labeling implications for DDI.
Dr. Berry notes, “The Phase 2 and Phase 3 trials included repeat dosing over an extended
period of time. No sudden cardiac deaths, torsades de pointes or clinically meaningful AVblock cases were reported in the eliglustat Safety Set. One subject was withdrawn from the
study after the first dose of eliglustat due to a ventricular tachycardia episode that required
hospitalization and was considered by the investigator to be possibly related to eliglustat.
Three patients had non-sustained ventricular tachycardia episodes that were asymptomatic.
Four patients reported 2nd-degree AV block that were asymptomatic and taken from
unscheduled Holter monitoring. Data reported from electrocardiogram monitoring during
phase 2 and 3 studies showed no clinically relevant changes in QTcF. Seven subjects had PR
intervals > 200 ms and increase from Baseline of ≥ 25%. One had a clinically meaningful PR
prolongation. Eighteen subjects had a post-baseline QRS ≥ 120 ms; two of them had post
baseline increases of 30 and 50%, which were considered clinically meaningful. While some
changes were observed in ECG and Holter monitor parameters with eliglustat, most patients
were asymptomatic and continued treatment. As noted in the Table 45, some cases of cardiac
arrhythmias were also observed at baseline screenings and in patients who received placebo or
Cerezyme.”
Pooled data from the Eliglustat Safety Set were generally the same as those seen across the
individual clinical studies (Phase 2, ENGAGE, and ENCORE). For all eliglustat patients, the
highest rates of AEs included: diarrhea 39 patients (10%); headache 66 patients (77%);
dizziness 38 patients (10%); syncope 8 patients (2%); arthralgia 55 patients (14%). According
to Dr. Berry, in the ENGAGE trial, a total of 18 (90%) of patients in the eliglustat group and
14 (80%) of patients in the placebo group had at least 1 TEAE. The most frequent TEAEs
were headache and arthralgias. Both of these TEAEs occurred more frequently in the
eliglustat group compared to the placebo group. Arthralgia occurred in 9 patients (45%) in the
eliglustat group for a total of 11 events, and 2 patients (10%) in the placebo group for a total of
4 events. Headache occurred in 8 patients (40%) in the eliglustat for a total of 23 events, and 6
patients (30%) in the placebo group for a total of 13 events. Combining headache, tension
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requirement for a FDA cleared test to be used for pharmacogenomics analysis of genotype
associated with CYP2D6 isoforms which are related to Benefit-Risk assessment of Cerdelga
for individual patients, as discussed above in several aspects of this review. Furthermore,
extensive labeling detailing the DDI is detailed in multiple sections of the labeling in sections
5.1 and 7.1, including the following specific details:
 Eliglustat is a CYP2D6 and CYP3A substrate. Co-administration of CERDELGA with
drugs that inhibit CYP2D6 and CYP3A may significantly increase the exposure to eliglustat
and result in prolongation of the PR, QTc, and/or QRS cardiac interval, which could result in
cardiac arrhythmias. Consider potential drug interactions prior to and during therapy (5.1,
7.1)
 CYP2D6 IMs and PMs taking moderate CYP3A inhibitors: not recommended (7.1)
 CYP2D6 PMs taking weak CYP3A inhibitors: not recommended (7.1)
 CYP2D6 EMs and IMs taking strong or moderate CYP2D6 inhibitors and CYP2D6 EMs
taking strong or moderate CYP3A inhibitors: reduce the dosage to 84 mg once daily (2.2,
7.1)
 Eliglustat is an inhibitor of P-gp and CYP2D6. Co-administration with drugs that are
substrates for P-gp or CYP2D6 may result in increased concentrations of the other drug (7.2)
 See Full Prescribing Information for a list of clinically significant drug interactions (7.1, 7.2)

13. Decision/Action/Risk Benefit Assessment
13.1 Regulatory Action:
All of the review disciplines recommended the product for approval pending approved labeling
specifying the revisions. This Signatory concurs with the approval recommendation as
discussed above specifying the indication of Long term treatment of adult patients with Type 1
Gaucher Disease who are CYP2D6 poor, intermediate or extensive metabolizers.
13.2 Risk Benefit Assessment:
I concur with the CDTL recommendation that the benefit and risk of Cerdelga in adult patients
with Gaucher disease and provide an alternative to the management of this orphan disease.
With full knowledge of the DDI with multiple medications, the safety profile is acceptable
based on what was found in the clinical trials of Cerdelga. The experimental clinical trial data
focus on cardiovascular safety and determination of the CYP2D6 metabolizer status. These
issues are well documented in labeling of Cerdelga.
Recommendation for Postmarketing Risk Evaluation and Mitigation Strategies:
There are no requirements for postmarketing risk evaluation and mitigation strategies.
Recommendation for other Postmarketing Requirements and Commitments
POSTMARKETING REQUIREMENTS UNDER 505(o)
We have determined that an analysis of spontaneous postmarketing adverse events reported
under subsection 505(k)(1) of the FDCA will not be sufficient to assess the known serious risk
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of high systemic exposure to eliglustat in patients with renal or hepatic impairment that could
result in prolongation of PR and QTc and cardiac intervals and the potential for cardiac
arrhythmias. .
Furthermore, the new pharmacovigilance system that FDA is required to establish under
section 505(k)(3) of the FDCA will not be sufficient to assess this serious risk.
Finally, we have determined that only a clinical trial (rather than a nonclinical or observational
study) will be sufficient to assess this serious risk. Therefore, based on appropriate scientific
data, FDA has determined that you are required to conduct the following:
2766-1

Conduct a clinical trial to evaluate the effect of renal impairment on eliglustat
pharmacokinetics. A reduced design may be used.

The timetable you submitted on August 11, 2014, states that you will conduct this trial
according to the following schedule:
Final Protocol Submission:
Trial Completion:
Final Report Submission:
2766-2

06/15
01/17
07/17

Conduct a clinical trial to evaluate the effects of hepatic impairment on
eliglustat pharmacokinetics.

The timetable you submitted on August 11, 2014, states that you will conduct this trial
according to the following schedule:
Final Protocol Submission:
Trial Completion:
Final Report Submission:

06/15
01/17
07/17

POSTMARKETING COMMITMENTS NOT SUBJECT TO THE REPORTING
REQUIREMENTS UNDER SECTION 506B
2766-3

Develop 21-mg and/or 42-mg dosage strength(s) to accommodate various
situations requiring further dosage adjustments. Conduct a single- and
multiple-dose pharmacokinetics study in healthy subjects to characterize dose
proportionality of 21, 42, and 84 mg dose strengths.

The timetable you submitted on August 11, 2014, states that you will conduct this study
according to the following schedule:
Final Report Submission:
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