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1. Introduction
Eagle Pharmaceuticals, Inc. (the Applicant), has submitted a 505(b)(2) new drug application
(NDA) for dantrolene sodium. The reference product is Dantrium (NDA 018264). The
(b) (4)
proposed indication is
and prevention of malignant hyperthermia. The proposed
proprietary name is “Ryanodex,” which has been found to be acceptable.
This review will provide an overview of the regulatory and scientific facts of this application and
issues that were identified during the course of the review of the submission. Aspects that will be
touched upon include the regulatory history, the adequacy of the data to support the application,
and the labeling requested by the Applicant.

2. Background
Malignant hyperthermia (MH) is a potentially fatal condition with clinical manifestations that
include muscle rigidity, hyperthermia, tachycardia, increased oxygen consumption and carbon
dioxide production, metabolic acidosis, and rhabdomyolysis. It can be triggered by exposure to
volatile halogenated inhalational anesthetic agents and/or a depolarizing muscle relaxant, such as
succinylcholine. The underlying mechanism is believed to be a mutation in the ryanodine
receptor in the sarcoplasmic reticulum of muscle cells, which is genetically transmitted as an
autosomal dominant trait. The mutation results in excessive release of calcium ions into the
intracellular compartment, resulting in a state of hypermetabolism within the skeletal muscle.
As noted in Dr. Simone’s review, the mortality rate from an episode of malignant hyperthermia
was over 60% prior to the use of dantrolene; currently, it is estimated to be less than 5%.
The Division and the Applicant had several interactions during the drug’s development program,
conducted under IND 105411, beginning with a pre-IND meeting in August, 2009. Additional
meetings included an End-of-Phase 2 meeting in January, 2011; and a pre-NDA meeting in
August, 2013. The significant issues discussed during these interactions with the Applicant are
documented in the primary reviews.
It is worth noting that during the early interactions with the Applicant, it had been agreed that an
appropriate regulatory pathway to pursue would be an evaluation of the NDA under Subpart I,
also known as the “Animal Rule,” whereby the efficacy of the product would be demonstrated
through the use of an appropriate animal model. Therefore, a significant amount of the early
discussions and interactions revolved around the identification of the animal model and the
design and conduct of the nonclinical trial.
As the development program progressed, additional internal discussions within the Agency
concluded that another potential pathway for approval of the product would be through
establishment of the comparability of certain pharmacokinetic parameters of Ryanodex to an
already approved drug. An approval by this pathway would not, in and of itself, require any
post-marketing requirement for additional studies. It was agreed, however, that the data from the
nonclinical studies would still be informative and potentially supportive of the application.
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the efficacy was primarily based on the clinical pharmacology data; specifically, an assessment
of the relative systemic exposure of Ryanodex compared to the reference drug, Dantrium.
As noted above, the clinical pharmacology data indicated that the relative bioavailability
between Ryanodex and Dantrium were comparable for AUC0-inf, and that the Cmax for Ryanodex
was higher (by approximately 40%). The potential implications for a higher Cmax are more likely
to be manifested as a safety issue, rather than an efficacy issue, and will be discussed further
below. Based on the findings from the clinical pharmacology study, the review team concluded
that the efficacy and appropriate dosing for Ryanodex for the proposed indications could be
extrapolated from the previous efficacy and dosing recommendation for Dantrium.
Outstanding or Unresolved Issues
I concur with the overall conclusion reached by the review team that the efficacy and dosing
recommendations proposed by the Applicant have been adequately supported in the application.

9.

Safety

As noted by Dr. Simone and Dr. Breder, the safety database in the application consisted of the
subjects enrolled in the clinical pharmacology study. For purposes of evaluation of the safety
profile, the trial was considered as two trials, due to the extensive protocol design and safety
monitoring modifications that were made after the initial dose-escalating cohorts were
completed. The three tables below, reproduced from Dr. Simone’s review, summarize the
number of subjects exposed to the different doses of Ryanodex.
Dosing exposures for Trial 1201A
30 second infusion
(n)
3 female subjects
1 male subjects
3 female
6 male subjects

5 minute infusion
(n)

Total
(n)

0

4

2 female subjects
2 male subjects

13

2 mg/kg

2 male subjects

0

2

Total

15

4

19

Dose Ryanodex
1 mg/kg
1.75 mg/kg

Dosing exposures for Part 1 of Trial 1201 (based on Table 2.7.4-2, p. 11 Section 2.7.4 of NDA submission)
Dantrolene Sodium
Dose Level
1.0 mg/kg
1.75 mg/kg
2.0 mg/kg
2.25 mg/kg
2.5 mg/kg
Totals
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Treatment Groups
Ryanodex
1 minute infusion

Dantrium
50 mL/min infusion

3 male subjects
4 male subjects
4 male subjects
4 male subjects
4 male subjects
19

3 male subjects
4 male subjects
4 male subjects
4 male subjects
4 male subjects
19
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Dosing exposures for Part 2 of Trial 1201
Dantrolene Sodium
Dose Level
2.5 mg/kg

Ryanodex (1 minute infusion)/
Dantrium (50 mL/min infusion) Crossover*
From Part 1; 2.5 mg/kg dose groups
New Enrollees
(treated with alternative study drug)
2 male subjects
7 male subjects
6 female subjects

* One subject treated with Dantrium did not participate in the crossover; therefore, 16 subjects were treated with Dantrium but only 15 subjects
were treated with Ryanodex.

Deaths or Non-fatal Serious Adverse Events
There were no deaths or non-fatal serious adverse events (SAEs) identified in the safety
database.
Early Discontinuations
There were no early discontinuations reported in the clinical trials.
Common Adverse Events
The adverse events reported, their severity, timing and duration are well-detailed in Dr. Simone’s
review. There were six treatment-emergent adverse events in Trial 1201A that were classified as
severe. All occurred with 30 second infusions of Ryanodex. These events occurred in three
subjects. Two of the events (both incidents of generalized weakness) occurred in two subjects
treated with a 1.75 mg/kg dose; the other four events (hypotension, dizziness, oxygen
desaturation and respiratory muscle weakness) occurred in a subject treated with a 2 mg/kg dose.
All the adverse events reported in Trial 1201 were classified as either mild or moderate, and
resolved without sequelae. Dr. Simone noted that, of the 90 events that were classified as
moderate, 80 were related to the administration of Ryanodex, and 55 occurred with Ryanodex
infusions that were administered over 30 seconds.
The most commonly reported treatment-emergent adverse events were dizziness, somnolence,
asthenia, and fatigue, all of which are already listed as adverse events in the Dantrium label.
Dr. Simone’s final conclusion regarding the safety profile observed in the clinical studies was the
following:
In summary, the safety data indicate that Ryanodex poses no new risks to patients compared to
Dantrium, the currently marketed, approved formulation of dantrolene sodium. Ryanodex appears
to be associated with a greater frequency of the known adverse reactions to dantrolene than
Dantrium; however, these reactions are generally not life-threatening, occur within a few hours
after drug administration while patients are still being carefully monitored, are easily detected, can
be readily dealt with, and resolve within 72 hours.

Post-marketing experience
There is no post-marketing experience with Ryanodex, as it has not been approved or marketed
outside of the United States. Although the concentration of dantrolene and the amount of
mannitol administered with the reference drug, Dantrium, is different, Office of Surveillance and
Epidemiology was consulted to help determine whether the post-marketing experience with
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Dantrium had identified any safety concerns that were not addressed in the current label. The
Division of Pharmacovigilance II queried the FDA’s Adverse Event Reporting System (FAERS)
database for the time period of January 1, 1969 to April 11, 2014. They also conducted a search
of the published medical literature for the last 10 years.
They did not identify any new safety signals from the published literature or from the FAERS
database, however, they were able to identify two adverse event descriptions in the label that,
based on review of the current knowledge, are inadequate.
Outstanding or Unresolved Issues
Dr. Simone and Dr. Breder noted in their respective reviews that, those treatment-emergent
adverse events that could be considered to a pose a risk to patient safety, e.g., dyspnea,
respiratory muscle weakness and oxygen saturation decreases, were mild and limited in duration.
There was no apparent change in respiratory function occurred, i.e., there were no oxygen
saturations <95%, supplemental oxygen and airway manipulations were not required, and arterial
blood gas parameters were not abnormal. As for the other adverse events that were reported by
the healthy volunteers (such as muscle weakness, dizziness, and somnolence), the risk to the
patients being treated for an episode of malignant hyperthermia are low, because the patient is
under monitored care. In addition, they noted that the duration of these events is on the order of
a couple hours; subsequently, most will have subsided before the patient is conscious and
permitted to ambulate.
They do note that these treatment-emergent adverse events may pose a different risk to the
patient that is being treated prophylactically prior to their anesthetic, and recommend that the
label should clearly inform the clinician about the need for careful monitoring when used for this
indication.
I concur with the review team that the safety profile of Ryanodex has been adequately described.

10. Advisory Committee Meeting
An advisory committee meeting was not convened for this application, as there were no issues in
this application that required presentation or discussion at an advisory committee meeting.

10. Pediatrics
Under the Pediatric Research Equity Act (PREA) of 2003, all applications or supplements
submitted on or after April, 1, 1999, for a new active ingredient, new indication, new dosage
form, new dosing regimen, or new route of administration are required to contain a pediatric
assessment to support the safety and effectiveness of the product for the claimed indication in all
relevant pediatric populations, and to support dosing and administration for each pediatric
subpopulation for which the drug is safe and effective, unless the requirement is waived or
deferred.
The application was considered to be subject to the requirements of PREA because the shorter
infusion time required for Ryanodex was considered a new dosing regimen. However, the
Applicant received orphan designation for Ryanodex under the Orphan Drug Act; therefore, the
application is not subject to the requirements stipulated by PREA.
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The Applicant proposed dosage recommendations in the labeling for pediatric patients that the
review team concluded was accurate based on the information currently available.

11. Other Relevant Regulatory Issues
Consultations were obtained from the Pediatric and Maternal Health Staff, Office of Scientific
Investigations (OSI), the Office of Professional Drug Promotion, and the Division of Medication
Error Prevention and Analysis. Their recommendations were reviewed and incorporated in the
appropriate places in the label.
OSI / Division of Bioequivalence and Good Laboratory Practice Compliance Audit
The Division of Bioequivalence and Good Laboratory Practice Compliance (DBGLPC)
conducted a routine audit of the site where the clinical portion of Study EGL-Dantrolene-1201
was conducted, as well as the site where the analytical portion of the study was performed.
The audit of the clinical study records did not identify any significant findings, and no FDA
Form 483 was issued. The audit of the analytical site included an examination of study records,
facilities, and equipment. Similarly, there were no significant findings and no FDA Form 483
was issued. The clinical data from the study were deemed acceptable for review.
Financial Disclosure
The Applicant certified that there was no financial arrangement with the study investigators
whereby the value of compensation to the investigators could be affected by the outcome of the
study as defined in 21 CFR 54.2(a). The Applicant also certified that no listed investigator was
the recipient of significant payments of sorts as defined in 21 CFR 54.2 (f). The Applicant also
indicated that the clinical investigators were required to disclose to the Applicant whether the
investigator had a proprietary interest in the product or a significant equity in the Applicant, as
defined in 21 CFR 54.2(b).
Outstanding or Unresolved Issues
There are no other unresolved relevant regulatory issues.

12. Labeling
The indication in the reference drug is written in a manner that is not consistent with the current
labeling format. Although the indication will be essentially the same as in the reference drug, it
will be modified to read in the following manner:



Treatment of malignant hyperthermia in conjunction with appropriate supportive
measures
Prevention of malignant hyperthermia in patients at high risk.

Additional issues that the review team identified as needing to be addressed in the labeling
included the following:
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1. The need to administer a diuretic to prevent late renal injury due to myoglobinuria,
because the amount of mannitol in Ryanodex is insufficient to maintain diuresis.
(b) (4)
2. Modification of the wording describing certain adverse events
because, based on a recent review of the FAERS, the description is no longer
adequate.
In addition to the review disciplines mentioned above, representatives from the Division of
Medication Error Prevention and Analysis and the Office of Prescription Drug Promotion were
also consulted and their recommendations were incorporated during the discussion of the label.

13. Decision/Action/Risk Benefit Assessment
Regulatory Action
Approval.
Risk:Benefit Assessment
I concur with the review team that the Applicant has submitted substantial
evidence to support the effectiveness and safety of Ryanodex when used as
directed in the accompanying package insert.
Although the safety assessment did identify several adverse events that were
more frequent in the Ryanodex-treated subjects than in the Dantrium-treated
subjects, they were deemed to not be clinically significant, particularly when
one considers the close monitoring that will be present in the clinical
situations where the product is going the be used. In view of the significant
morbidity, and potential mortality, that can be associated with an episode of
malignant hyperthermia, the risk:benefit assessment is in favor of approval of
this application.
Recommendation for Postmarketing Risk Management Activities
None.
Recommendation for other Postmarketing Study Commitments
None.
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