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1 Executive Summary 

1.1 Recommendation 
The submission is acceptable from a Clinical Pharmacology perspective provided that a 
mutually satisfactory agreement can be reached between the sponsor and the Agency 
regarding the language in the package insert.   

1.2 Phase IV Commitments 

None 

1.3 Summary of Clinical Pharmacology Findings 

Eagle Pharmaceuticals Inc., submitted NDA 205579 to market Dantrolene Sodium 
Suspension (250 mg/ 5mL vial) for the prophylaxis and treatment of Malignant 
Hyperthermia under a 505(b)(2) pathway using NDA 018264 ((Dantrium IV) as the listed 
drug.  Malignant Hyperthermia (MH) is an orphan disease and the sponsor obtained an 
orphan designation for the product (Designation number 03-1797).  Previously approved 
Dantrium Infusion (IV) was used to treat MH with limitations on getting adequate 
therapeutic benefit.  To support this 505(b)(2) NDA, sponsor conducted a single clinical 
study “EGL-Dantrolene-1201”  to generate the safety database and clinical experience for 
Ryanodex Suspension for Injection.  The sponsor evaluated PK of Dantrolene sodium 
suspension (Ryanodex) and compared its safety, tolerability and pharmacokinetics to 
Dantrolene Sodium (solution) for Injection (Dantrium IV) in healthy volunteers. 

Dantrium Intravenous (dantrolene sodium for injection) which contains 20 mg of 
dantrolene sodium per vial is the currently marketed product for the treatment of 
malignant hyperthermia (MH). The labeled dose of dantrolene sodium for an MH crisis 
ranges from 1 mg/kg to 10 mg/kg. Therefore, the dose for a 70 kg patient can reach 700 
mg. This dose would require a total of 35 vials to be reconstituted immediately, each with 
60 mL of WFI with a total volume to be rapidly administered exceeding 2 liters. 

The sponsor contends that a nano-particle suspension offers a high concentration for 
delivery, coupled with the opportunity for rapid dissolution of the particles upon dilution 
in the blood due to their large surface area. A product presentation of 250 mg dantrolene 
sodium per vial to be reconstituted with 5 mL of water for injection was chosen to 
accommodate the dose range of 1 to 10 mg/kg. This presentation would require less than 
3 vials and less than 15 mL to deliver a dose of 700 mg.  

Ryanodex is supplied as a sterile lyophilized powder containing 250 mg of dantrolene 
sodium  125 mg of mannitol, 4 mg of povidone  and 25 
mg of polysorbate 80 per vial, hydrochloric acid and sodium hydroxide. 

Ryanodex (after reconstitution with 5 mL sterile water for injection) is a nanoparticle 
suspension designed for rapid intravenous administration.  Dissolution of the nanoparticle 
formulation was evaluated in an in vitro study utilizing human plasma.  Biopharm 
reviewer Dr. John Duan agreed with the sponsor that there were no visible solid material 
present when the dissolution was evaluated in human plasma.  Most of the suspension 
dissolved in human plasma within a minute followed by complete dissolution as 
evaluated in the in vitro dissolution study.  Additionally, the human plasma samples in 
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the dissolution study had slight orange to yellow color, particularly at high 
concentrations.  The drug product is orange to yellow in color and the preclinical studies 
indicate yellow color stain in tissues after significantly high dosing with dantrolene in 
animal toxicology studies.  In addition, the effect of Ryanodex or Dantrium on hemolytic 
potential was evaluated in whole blood incubations and found not to be an issue (See Dr. 
Jay Chang’s Pharmacology Toxicology review). 

Clinical PK study “EGL-Dantrolene-1201” was initiated with  
See attached synopsis) and there after due to 

logistical considerations the sponsor hired Comprehensive Clinical Development 
(Tacoma, WA) to finish the study.   

Part 1 was a dose escalation design where each dose group received Ryanodex at doses of 
1.0 (n=4), 1.75 (n=4) or 2.0 mg/kg (n=2) via 30-second bolus injection, except for 4 
subjects in Cohort 3b (‘Special Cohort’ 1.75 mg/kg Ryanodex as a 30 sec bolus vs. n=4 
as a 5-minute infusion).  A total of 19 subjects received Ryanodex, 4 subjects received 
placebo.  Pharmacokinetic samples were drawn over the first 72 hours.  Subjects who 
received study drug and had an adequate number of concentration-time points to 
delineate a PK profile were included in the PK population for analysis.  PK sample 
analysis for Part 1 was conducted by  

Part 1 of the study was partially evaluated by  with 
placebo as a control, however after the initial Ryanodex dose escalations it became 
apparent that the planned study design was not adequate to generate useful data to 
determine the safety and tolerability of Ryanodex relative to Dantrium.  Results of  
conducted part 1 of the clinical study are described in attached section (4.2.4). 

Therefore, the study was contracted to CCD to complete the dose escalation cohorts and 
the comparison of safety Ryanodex vs. Dantrium at different dose levels.   The sponsor 
amended the protocol to add safety monitoring measures.  Additionally, the study was 
modified as follows:  
 Part 1 was a dose escalation design where each treatment group received either 

Ryanodex or Dantrium at doses of 1.0, 1.75, 2.0, 2.25 or 2.5 mg/kg.  
 Part 2 was conducted as a randomized, two-way crossover; subjects received 2.5 

mg/kg of Ryanodex or Dantrium. Doses of 1.0 to 2.25 mg/kg were administered to 
male subjects (only) and the dose of 2.5 mg/kg was administered to both male and 
female subjects. 

All Ryanodex doses were administered as a 60 second continuous IV push, and all 
Dantrium doses were administered as a 50 mL/min infusion, corresponding to 16.5 
mg/min dantrolene sodium (duration of Dantrium dose administration varied by dose 
group and by subject body weight; range of dose duration was approximately 4 to 13 
mins).  

Details of Treatment Administration 

Two peripheral, contralateral IV lines were started and maintained in each 
of the subjects. The IV line in one arm was used for study drug 
administration, and served as emergency venous access after dosing was 
completed.PK blood sampling was drawn from the IV line in the opposite 
arm, and served as backup for emergency venous access if required. Both 
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Table: Summary of Dantrolene Plasma PK Parameters following 1 mg/kg, 1.75 mg/kg, 2 
mg/kg, 2.25 mg/kg of Treatment A (Ryanodex) and Treatment B (Dantrium). 

 

Part 2 PK: Comparison of Dantrolene PK following administration of Ryanodex and 
Dantrium.   

In part 2 of the PK study conducted by CCD, 2.5 mg/kg dose or Ryanodex and Dantrium 
were administered to approximately 15 subjects in each arm.  Whereas doses of 1.0 to 
2.25 mg/kg in Part 1 were administered to male subjects only and the dose of 2.5 mg/kg 
was administered to both male (N=9) and female subjects (N=6). 
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Table: Summary of Dantrolene Plasma PK Parameters following IV administration 
of Ryanodex and Dantrium.   

Relative Bioavailability: For an intravenous product 
bioavailability is 100%.  Since the two treatments, 
Ryanodex and Dantrium, were administered in a cross-
over fashion in healthy volunteers, comparison of 
bioavailability was possible mathematically because of 
the difference in the duration of administration (bolus vs. 
infusion).  The sponsor evaluated relative bioavailability 
of Dantrolene and 5-hydroxydantrolene, based on Cmax 
and AUC0-inf in all subjects that received both treatments 
of 2.5 mg/kg Ryanodex and Dantrium in the part 2 of the 
study.  A summary statistical analysis is presented in the 
table below.  For dantrolene, the 90% confidence 
intervals (CI) demonstrated that the two treatments were 
equivalent for AUC0-inf (using a 90% CI criteria of 80-
125%).  Significant differences between Ryanodex and 
Dantrium were evident for Cmax as the 90% CI range 
was 1.18-1.75. This is likely a direct result of dosage 
form difference in dantrolene administration rate 
(mg/min). Since Ryanodex doses were administered as a 

60 second continuous IV push, and all Dantrium doses were administered as a infusion 
with a range of duration from 4 to 13 mins, it is reasonable that Ryanodex group had a 
higher Cmax value. 

The relative bioavailability results demonstrate that AUC0-inf and Cmax were 6% and 44% 
higher for Ryanodex as compared to Dantrium based on the GMR.   
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For the metabolite 5-hydroxydantrolene, AUC0-inf and Cmax estimates were comparable 
between Ryanodex and Dantrium as the 90% CI were within the 80-125% equivalence 
criteria. 

OSI Inspection Results: 

Because the study was the sole clinical study supporting the clinical experience with 
Ryanodex, Office of Scientific Investigations was consulted to conduct an inspection of 
the clinical site (CCD, Tacoma, WA) and bioanalytical site  

  OSI review indicates that there were some plasma samples that showed 
possible hemolysis as concluded from red color in the plasma sample.   The OSI review 
also notes that suspected hemolysis was not noted in all plasma samples and also they 
could not conclude a correlation between high dantrolene drug concentration and 
hemolysis.  For example, some hemolysis was noted in several hours post-dose plasma 
samples.  OSI reviewer (dated 6/19/2014 in Darrts) concluded as follows: 

1. The clinical data from study EGL-Dantrolene-1201 are acceptable for review. 

2. The bioanalytical data from study EGL-Dantrolene-1201 are acceptable for review if 
no significant correlation between hemolyzed samples and high dantrolene 
concentrations is confirmed by hemolyzed samples to be identified from the sponsor. 

The sponsor was sent an information request to address hemolysis in the plasma samples 
collected for the Part 2 of the PK study where subjects received Ryanodex and Dantrium 
in a crossover fashion.  A total of 1,156 plasma samples were submitted for visual sample 
color grading and evaluation of hemolytic index (HI). The sponsor’s findings were 
summarized below. 

Results of visual sample color grading: 

A total of 1,112 (of the 1,156) samples were noted as “yellow” (i.e., normal plasma 
color), 43 samples were noted as “orange”, and one sample was noted as “red”. 

Results of Hemolytic Index assessment: 

Hemolytic index was determined for 1,125 (of the 1,156 samples in total) samples; 1,068 
samples returned a HI value of 0, 51 samples returned a HI value of 1, 5 samples a HI 
value of 2, and only 1 sample returned a HI of 3. For the remaining 31 samples a HI 
value of 6 was returned in a repeat analysis and, these samples were visually inspected in 
accordance with SOP-CLP-2. Each of these 31 samples was determined to have no visual 
evidence of hemolysis. The independent sample color grading result recorded for these 
31 samples showed 28 samples to be “yellow” in color and 3 samples to be “orange”. 

A total of 1,156 human plasma samples were analyzed for Dantrolene and 5-
Hydroxydantrolene using a validated bioanalytical method. 

The established bioanalytical method already examined the matrix effect with special 
consideration of hemolysis in plasma samples.  As discussed in the bioanalytical method 
validation, the matrix effect was not found to be significant.  In addition, the sponsor 
indicates that reproducibility of incurred samples was performed and the results met 
acceptance criteria (3.57% of the dantrolene ISR sample results and 13.8% of the 5-
hydroxydantrolene ISR sample results differed from the original result by greater than 
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20%). The results from calibration curve standards and quality control samples 
demonstrated acceptable performance of the method for all reported concentrations. 

A list of all samples suspected of hemolysis is presented in section 4.2.2 of the review.  
There was no pattern to the hemolysis noted in the plasma samples; there was no 
significant correlation between hemolyzed samples and high dantrolene concentrations.  
Small amount of hemolysis was observed irrespective of Dantrium or Ryanodex 
administration, in a random number of samples at different time points after drug 
administration (See section 4.2.2).   

Based on the reasons described above, the PK results from study EGL-Dantrolene-1201 
are acceptable for review.  

Labeling: 
The sponsor should edit the section 12.3 Pharmacokinetics to provide Ryanodex product 
specific pharmacokinetic information. 

Conclusion: 
Overall, the clinical pharmacology submission is acceptable. 
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2 QBR 

2.1 General Attributes 

Eagle Pharmaceuticals Inc., submitted NDA 205579 to market Dantrolene Sodium 
Suspension (250 mg/ 5mL vial) for the and treatment of Malignant 
Hyperthermia.  Malignant Hyperthermia (MH) is an orphan disease and the sponsor 
obtained an orphan designation for the product (Designation number 03-1797).  
Previously approved Dantrium Infusion (IV) was used to treat MH with limitations on 
getting adequate therapeutic benefit. 

Dantrium Intravenous (dantrolene sodium for injection) which contains 20 mg of 
dantrolene sodium per vial is the currently marketed product for the treatment of 
malignant hyperthermia (MH). The labeled dose of dantrolene sodium for an MH crisis 
ranges from 1 mg/kg to 10 mg/kg. Therefore, the dose for a 70 kg patient can reach 700 
mg. This dose would require a total of 35 vials to be reconstituted immediately, each with 
60 mL of WFI with a total volume to be rapidly administered exceeding 2 liters. 

The sponsor contends that a nano-particle suspension offers a high concentration for 
delivery, coupled with the opportunity for rapid dissolution of the particles upon dilution 
in the blood due to their large surface area. A product presentation of 250 mg dantrolene 
sodium per vial to be reconstituted with 5 mL of water for injection was chosen to 
accommodate the dose range of 1 to 10 mg/kg. This presentation would require less than 
3 vials and less than 15 mL to deliver a dose of 700 mg.  

2.2 General Clinical Pharmacology 

Although bioavailability of IV product is apparent and 100%, the sponsor conducted a 
clinical pharmacokinetic study to document safety, tolerability and PK of Ryanodex.  The 
sponsor chose to compare the safety and tolerability of Ryanodex with Dantrium in a 
very limited number of subjects in a dose-escalation scheme.  This was followed by a 
comparison of safety, tolerability and PK of Ryanodex with Dantrium at the proposed 
dose of 2.5 mg/kg.   

 Part 1 was a dose escalation design where each treatment group received either 
Ryanodex or Dantrium at doses of 1.0, 1.75, 2.0, 2.25 or 2.5 mg/kg.  

 Part 2 was conducted as a randomized, two-way crossover; subjects received 2.5 
mg/kg of Ryanodex or Dantrium. Doses of 1.0 to 2.25 mg/kg were administered to 
male subjects (only) and the dose of 2.5 mg/kg was administered to both male and 
female subjects. 

2.3 Intrinsic and Extrinsic Factors 

Very few healthy subjects of different race, ethnicity were recruited in the study.  The 
available data did not facilitate a review of PK data with regard to any influence of 
intrinsic or extrinsic factors.  Most of the healthy subjects recruited in part 1 of the PK 
conducted by CCD were healthy male adults.  However, about six healthy women were 
recruited in Part 2 of the PK study where healthy adult subjects did receive Dantirum and 
Ryanodex in a crossover fashion (See Demographics in the table below).   
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The sponsor presented pharmacokinetic parameters as it relates exposure seemed to be 
higher in women compared to men at the first look in both Dantrium and Ryanodex 
treatments (See table below).  This observation is despite the bodyweight based dosing 
(2.5 mg/kg) of both Dantrium and Ryanodex.   

First, the number of females in the study was very limited (n=6).   

 

Nevertheless, the PK parameters such as volume of distribution and clearance that are 
often affected by bodyweight were plotted with regard to the bodyweight of each subject.  
Volume of distribution and clearance data points for all doses were plotted over 
bodyweight of the subjects.  As suspected, there was linear relationship between 
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bodyweight and volume of distribution or clearance of dantrolene.  The limited range of 
bodyweights evaluated is a drawback. 

Figure: Linear Plot of Volume of Distribution vs. Bodyweight (left) and Clearance 
(L/hr) Vs. Bodyweight (right).  Data derived from males (triangles) from Part 1 and 
Part 2 and data derived from females (circles) from Part 2 only were plotted.  

 

 

Partitioning to Red Blood Cells: 
The sponsor evaluated binding of dantrolene to red blood cells (RBC).   Incubations at 
150 and 1503 ng/mL dantrolene sodium had 46% to 65% of dantrolene bound to RBCs, 
whereas incubations at 20,003 ng/mL dantrolene sodium had 27% to 36% dantrolene 
bound to RBCs (See section 4.2.3). 
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A total of 1,112 (of the 1,156) samples were noted as “yellow” (i.e., normal plasma 
color), 43 samples were noted as “orange”, and one sample was noted as “red”. 

Results of Hemolytic Index assessment: 

Hemolytic index was determined for 1,125 (of the 1,156 samples in total) samples; 1,068 
samples returned a HI value of 0, 51 samples returned a HI value of 1, 5 samples a HI 
value of 2, and only 1 sample returned a HI of 3. For the remaining 31 samples a HI 
value of 6 was returned in a repeat analysis and, these samples were visually inspected in 
accordance with SOP-CLP-2. Each of these 31 samples was determined to have no visual 
evidence of hemolysis. The independent sample color grading result recorded for these 
31 samples showed 28 samples to be “yellow” in color and 3 samples to be “orange”. 

A total of 1,156 human plasma samples were analyzed for Dantrolene and 5-
Hydroxydantrolene using a validated bioanalytical method. 

The established bioanalytical method already examined the matrix effect with special 
consideration of hemolysis in plasma samples.  As discussed in the bioanalytical method 
validation, the matrix effect was not found to be significant.  In addition, the sponsor 
indicates that reproducibility of incurred samples was performed and the results met 
acceptance criteria (3.57% of the dantrolene ISR sample results and 13.8% of the 5-
hydroxydantrolene ISR sample results differed from the original result by greater than 
20%). The results from calibration curve standards and quality control samples 
demonstrated acceptable performance of the method for all reported concentrations. 

A list of all samples suspected of hemolysis are presented in section 4.2.2 of the review.  
There was no pattern to the hemolysis noted in the plasma samples.  Small amount of 
hemolysis was observed irrespective of Dantrium or Ryanodex administration, in a 
random number of samples at different time points after drug administration (See section 
4.2.2).   
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4.2.2 Sponsors response to information request sent by the agency to address 
hemolysis of blood samples utilized for PK analysis: 
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RESULTS 

Visual analysis of each blood collect tube (pre-dose) revealed no evidence of hemolysis prior to test article 
addition. Dosed blood samples at all concentrations and time points were visually inspected for hemolysis; 
the first spin was at ~600 x g for 10 minutes at 4°C (supernatant = plasma, pellet = intact RBC), and second 
and third spin ~600 x g for 10 minutes at 4°C (supernatant = RBC wash, pellet = intact RBC). In all cases 
visual inspection did not indicate hemolysis. Samples were spun at ~600 x g for 10 minutes at 4°C where 
the supernatant is plasma and the pellet is intact RBCs. 

Human Red Blood Cell in vitro Binding of Dantrolene 

Mixture of [3H] Dantrolene and Ryanodex® was formulated for in vitro binding in male human red blood 
cell. Incubations at 150 and 1503 ng/mL had 46% to 65% of dantrolene bound to RBCs. Test article 
incubations at 20,003 ng/mL had 27% to 36% dantrolene bound to RBCs. Similar dantrolene binding 
ranges were seen across incubations of 30, 60, and 120 minutes within the three dose dantrolene 
concentrations. It should be noted that for the 120 minute incubation, for one sample at 1503 ng/mL and all 
three samples at 20,003 ng/mL, very little pellet (cell  membrane/debris) was found for the lysed sample 
after spinning at 12,000 x g for 10 minutes at 4°C. All other samples contained a pellet of approximately 
0.1 g. Mass balance for all samples ranged from 81% to 101% recovery. 

STUDY CONCLUSIONS 
 For human whole blood incubated with [3H]Dantrolene and Ryanodex®, the fraction of total 

radioactivity in plasma increased with increasing dantrolene sodium concentration. 
 The fraction of total dantrolene radioactivity associated with red blood cells (cytosol plus cell debris) 

decreased with increasing dantrolene sodium concentration. 
 Similar dantrolene binding data was seen across incubations of 30, 60, and 120 minutes within the 

three dantrolene sodium treatment concentrations. 
 The data indicates that in the event of blood sample hemolysis, the resultant plasma concentration of 

Dantrolene sodium may be elevated, due to release of Dantrolene from soluble red blood cell contents 
(cytosol). This observed effect would be of less significance for samples of higher Dantrolene whole 
blood concentrations. Incubations at 150 and 1503 ng/mL dantrolene sodium had 46% to 65% of 
dantrolene bound to RBCs, where as incubations at 20,003 ng/mL dantrolene sodium had 27% to 36% 
dantrolene bound to RBCs. 

 Mass balance (total recovery of dantrolene radioactivity) ranged from 81-101%, which validates 
conclusions made regarding partitioning of Dantrolene between plasma and red blood cells from 
human whole blood. 
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In the initial protocol (Amendment 01), the dose escalation (Part 1) compared Ryanodex 
with Placebo, however after the initial Ryanodex dose escalations it became apparent that 
the planned study design was not adequate to generate useful data to determine the 
relative safety and tolerability of Ryanodex [to Dantrium]. This was because confounding 
data were produced whereby the patient was clinically stable with normal oxygen 
saturation, however they also presented with abnormally low (i.e. contradictory) 
maximum inspiratory pressure. It was therefore determined to redesign the dose 
escalation part whereby Ryanodex would be compared to Dantrium at all dose levels. In 
addition, the dose limiting toxicity (DLT) criteria needed to be changed to demonstrate 
safe escalation of dose. See results of amended clinical study next. 
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4.2.5 Study EGL-Dantrolene-1201 (Conducted by Comprehensive Clinical 
Development, Tacoma, WA; Bioanalysis conducted by  

Amendments 3 and 4) 
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Pharmacokinetic Results: 
Part 1: Dose proportionality 
Maximum plasma concentrations for Dantrolene were achieved by approximately 1-4 
minutes postdose for Ryanodex treated subjects and immediately after dosing for 
Dantrium treated subjects and ranged on average from 2,713 ng/mL to 8,978 ng/ml for 
Ryanodex and 2,560 ng/mL to 5,715ng/mL for Dantrium over the dose range tested. The 
highest individual subject Cmax values recorded for Ryanodex and Dantrium were 
20,200 ng/mL and 7,940 ng/mL respectively. Plasma concentrations for the metabolite, 
5-hydroxydantrolene, followed a similar but delayed pattern. Maximum concentrations 
for 5-hydroxydantrolene were achieved by approximately 10 hours to 24 hours (median) 
for Ryanodex and 9 to 24 hours (median) for Dantrium and ranged, on average, from 
254.0 ng/mL to 640.3 ng/mL for 
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Dose proportionality for dantrolene and 5-hydroxydantrolene within a treatment group 
was evaluated using Cmax and AUC0-inf following drug administration. A power model 
was fit to describe the relationship between Y (Cmax and AUC0-inf) and X (dose) using 
the least-squares linear regression model [log(Y) = log(α) + β log(X) where the 
relationship between X and Y are expressed as Y = α X β]. From each model, the α and β 
parameters are presented along with the 95% confidence intervals for β. Statistical 
summaries for the analysis of dose proportionality, presenting the results of the power 
model, are shown for Cmax and AUC0-inf in the table below. 

 

Dose proportionality is evident for both Ryanodex and Dantrium at doses of 1.0 mg/kg to 
2.5 mg/kg for dantrolene Cmax and 5-hydroxydantrolene Cmax and AUC0-inf as the 
95% confidence intervals for the slope term, β, contains 1. A slight deviation from dose 
proportionality is evident for dantrolene AUC0-inf for both Ryanodex and Dantrium as 
the lower limit of the 95% confidence intervals were greater than 1, indicating dantrolene 
exposure was slightly greater than proportional. 

Part 2: Dantrolene PK following administration of 2.5 mg/kg of Ryanodex and 
Dantrium. 

Subjects that participated in Parts (periods) 1 and 2 comprised the 2.5 mg/kg of 
Ryanodex (N=15) or Dantrium (N=16) crossover treatment group.  At 1 minute post end 
of dose, mean (±SD) dantrolene concentration with Ryanodex was significantly higher 
than that of Dantrium (8186 ± 3949 vs. 4445 ± 1618 ng/mL). Concentrations for 
Ryanodex remained higher than those for Dantrium until approximately 15 minutes post 
dose (see Figures below) after which point concentrations for both study drugs were 
comparable. At all other time points the plasma concentrations were, by visual check, 
comparable for both study drugs and well within 1 standard deviation.  Following 
administration of 2.5 mg/kg, mean maximum concentrations for dantrolene were 
achieved by approximately 1.2 minutes (0.02 hours=median tmax) for Ryanodex and 15 
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minutes (median tmax) for Dantrium (see figure below). Mean Cmax was 8978 ng/mL 
for Ryanodex and 5715 ng/mL for Dantrium. Higher Cmax values for Ryanodex (relative 
to Dantrium) are consistent with the more rapid (dantrolene) administration rate of 
Ryanodex.  The individual Cmax for subjects in Part 1 and 2 are presented in the Table 
below. In the majority of subjects (10 out of 16), the Cmax estimates for Ryanodex are 
higher than those observed for Dantrium.   

 

Relative Bioavailability: For intravenous products bioavailability is 100%.  Since the 
treatments, Ryanodex and Dantrium, were administered in a cross-over fashion in healthy 
volunteers, comparison of bioavailability was possible.  The sponsor evaluated relative 
bioavailability of Dantrolene and 5-hydroxydantrolene, based on Cmax and AUC0-inf in 
all subjects that received both treatments of 2.5 mg/kg Ryanodex and Dantrium in the 
part 2 of the study.  A summary statistical analysis is presented in the table below. 

For dantrolene, the 90% confidence intervals (CI) demonstrated that the two treatments 
were equivalent for AUC0-inf (using a 90% CI criteria of 80-125%).  Significant 
differences between Ryanodex and Dantrium were evident for Cmax as the 90% CI range 
was 1.18-1.75. This is likely a direct result of dosage form (i.e. the higher dantrolene 
concentration in the Ryanodex formulation, versus Dantrium) and the difference in 
dantrolene administration rate (mg/min).  The relative bioavailability results 
demonstrate that AUC0-inf and Cmax were 6% and 44% higher for Ryanodex as compared 
to Dantrium based on the GMR.   
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For 5-hydroxydantrolene, AUC0-inf and Cmax estimates were comparable between 
Ryanodex and Dantrium as the 90% CI were within the 80-125% equivalence criteria. 
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ONDQA BIOPHARMACEUTICS REVIEW

NDA#: 205-579/S-000
Submission Date: 1/21/2014, 4/1/2014, 4/17/14, 5/2/14, 6/10/14
Drug Name: Ryanodex® (dantrolene sodium) 
Formulation: lyophilized powder for injection
Strength: Reconstituted to 250 mg/5 mL
Applicant: Eagle Pharmaceuticals
Reviewer: John Duan, Ph.D.
Submission Type: Original NDA 505(b)(2)

Ryanodex® (dantrolene sodium) is a lyophilized product which is reconstituted at the 
time of use with 5 mL of Sterile Water for Injection.

COMMENTS

1. The Agency and the Applicant have reached an agreement on the in vitro dissolution 
method and acceptance criterion as shown below. The NDA has been updated based 
on the agreement.

Apparatus: Apparatus II (Paddles)
Paddle Speed: 50 RPM (and 250 RPM for infinity) 
Temperature: 37.0 ± 0.5°C
Medium: 0.5% BAC (benzalkonium chloride)
Volume: 900 mL
Volume Pulled: 10 mL
Filter: 0.45 µm Nylon Filter 

Acceptance criterion: Q = % at 1 min

2. The dissolution study conducted in human plasma provides evidence (from an in vitro 
perspective) to support a rapid dissolution of Ryanodex upon exposure to human 
plasma at a dose of 175 mg. 

RECOMMENDATION

An approval is recommended from the ONDQA Biopharmaceutics perspective.
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_______________________________________ _________________
John Duan, Ph.D. Date
Reviewer
ONDQA Biopharmaceutics

_____________________________________ ______ _________
Tapash Ghosh, Ph.D. Date
Team Leader 
ONDQA Biopharmaceutics

cc: NDA 205-579 DARRTS
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