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Executive Summary:  

Organon USA, a subsidiary of Merck & Co submitted response to Agency’s complete 
response action taken on 9/30/2014.  From a clinical pharmacology perspective the 
submission has one study assessing pharmacokinetics of Sugammadex in patients with 
renal impairment.  The results of the renal impairment study (P105) are discussed below 
briefly.   

This study (P105) was a 2-center, 2-part, open-label, single-dose (sugammadex 4 mg/kg) 
study evaluating the effect of chronic renal impairment on sugammadex PK in subjects 
with severe or moderate renal impairment compared to healthy matched control subjects. 
Part 1 (n=24) of this study included eight (8) subjects with severe (CLcr <30 mL/min), 
eight (8) subjects with moderate (CLcr 30 - <50 mL/min) renal impairment and eight (8) 
healthy control subjects (CLcr ≥80 mL/min). The spsonsor utilized previously established 
(and reviewed) bioanalytical methodology for assessing sugammadex plasma levels.  The 
sponsor indicated that a preliminary review of the sugammadex concentration data from 
Part 1 of the study combined with dosing irregularities reported from the clinical research 
units indicated that in some subjects, doses may not have been administered directly into 
the vein, and likely infiltrated surrounding tissue. Substantial delays in Tmax (range: 1 to 
4 hours) and an apparent absorption phase in the pharmacokinetic (concentration-time) 
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profiles provided additional evidence of dosing issues. Given the apparent dosing 
irregularities in Part 1, the pharmacokinetic data from Part 1 are considered to be 
uninterpretable; therefore, the study was subsequently amended to include a Part 2 in 
order to achieve the original pharmacokinetic objectives of the study. Part 2 provided 
clarification on the dosing procedures in order to ensure that bolus IV administration was 
achieved (a direct stick method of administration through a fixed needle was used in Part 
1) and the duration of pharmacokinetic collection was reduced to 10 days postdose in 
subjects with moderate and severe renal impairment with flexibility to extend the 
pharmacokinetic collection in subjects with severe renal impairment, if warranted. This 
reduction in collection time was based on Part 1 data indicating that, despite the dosing 
irregularities, none of the subjects with severe or moderate renal impairment had 
measurable sugammadex concentrations (all were < lower limit of quantitation [LLOQ]) 
on Day 7 (144 hours) and Day 4 (72 hours), respectively. In Part 2 (n=18) of this study, 
six (6) subjects with severe (CLcr <30 mL/min), six (6) subjects with moderate (CLcr 30 
- < 50 mL/min) renal impairment and six (6) healthy control subjects (CLcr > 80 
mL/min) received single doses of IV sugammadex (4 mg/kg). The total enrollment in this 
study was N=33. Eligible subjects from Part 1 could enroll in Part 2 (n=9 subjects 
participated in both parts).  

Results and Conclusions: As a result of the dosing issues in Part 1, the final 
pharmacokinetic and subsequent statistical analyses were not conducted for Part 1 of the 
study. Based on data from Part 2, sugammadex exposure (AUC0-∞) was higher in 
subjects with moderate and severe renal impairment compared to healthy control 
subjects. Specifically, the GMR (90% CI) of AUC0-∞ in subjects with moderate and 
severe renal impairment compared to healthy subjects was 2.42 (1.84, 3.17) and 5.42 
(4.12, 7.11), respectively. By comparison, the GMR (90% CI) of Cmax in subjects with 
moderate and severe renal impairment compared to healthy subjects was 0.92 (0.72, 1.18) 
and 0.94 (0.73, 1.21), respectively. Clearance progressively decreased and apparent half-
life (t1/2) was progressively prolonged with increased levels of renal dysfunction. 

Table: Statistical summary and comparison of plasma sugammadex PK parameters 
following IV dose of 4 mg/kg to subjects with varying degrees of renal insufficiency 
(Part 2 only). 
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Re-evaluation of population PK model of sugammadex including newly available data in 

the renally impaired population 

Sponsor submitted a modeling and simulation report (Dated August 14th, 2014) that  

1.  Re-evaluated the original 2-compartment population PK model for its appropriateness 
to describe sugammadex with newly generated PK data from the renally impaired 
population 
2. Simulated PK parameters of sugammadex in various typical populations based on the 
updated population PK model. 

 

The original 2-compartment population PK model for sugammadex was able to 
adequately described additional renally impaired data.  Renal function, as determined by 
creatinine clearance, continued to be a major predictor of sugammadex pharmacokinetics. 

Reviewer’s Comments : The findings from the analyses are similar to those from previous 
review cycle.  No new labeling statements are being proposed based on updated 
population pharmacokinetic analyses. 

The submission is acceptable from a clinical pharmacology perspective. 
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Labeling 

A number of labeling changes were recommended in the previous clinical pharmacology 
reviews by this reviewer and the previous reviewers.  All labeling changes should be 
conveyed to the sponsor.   

As it relates to the current submission of a new renal impairment study, a slight 
modification in renal impairment section of the label was made by the sponsor.  The 
sponsor’s proposal is indicated as regular text and the reviewers edits are marked as strike 
through text for deletions or as bold font text for additions. 
 
Renal Impairment and Geriatric Patients 
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Synopsis of Study P105 (Renal Impairment study): 

 
 
 
 
 
 
 
 
 
 

Reference ID: 3721520

      
       

    
 

          
        

        
          

  
    

    

    
      

    
   

   
    

     
   

         
          

          
         

  
          

          
            

             
             

        
           

               
           

             
         

           
 



 

 22

 
 
 
 
 
 
 
 
 
 

Reference ID: 3721520

 
 

   
  

          
          

             
              

          
             

         
        

      
          

          
              

           
        

  

 
   
         

        

      
     

           
             

 
                 

               
   

          
         

           
      

       
     

    
     

   
    

    
     





 

 24

 
 
 
 
 

Reference ID: 3721520

 
 

 
 

 
 

 
 

 

 
 

  
       

   
      

    
       

    
       

       
      

      

  
       

        
     

        
             

       
       

         
       

      
       

    
     

     
       

     
           
    
     

        
        
       
       

      
      

       
      

       
 

     
    

   



 

 25

 
 
 

Reference ID: 3721520

  
 

 
 

 
 

         
          
            

        
              

      

  
     

   
     

             
             

    
    

  
     

   
     

           
             

    
    

               
             

   

  
         

           
        

          
        

         
       

         
        

         
        

        
         

       
         

         



 

 26

 
 
 
 
 
 

Reference ID: 3721520

 
 

 

  
         

           
       

       
            

 
 

              
 

  
 

 

 

       
            

          
            

         

 

 
        

         
          

        
           

            
      

           
             

       
            

        
        

          
            

         
        

         
          

            
  

         
        

          
         

           
         

         
         



 

 27

 

 

 
 
 

 

Reference ID: 3721520

 
 

  
   

           
              

         
          

       
          

       
          

         
        

        
          

         
    

          
              

           

       
   

           

              
             

              
           

           
           

           
           
              

                
             

           
           

    
    

       

         
         

           
            

                  
   

               
  

                   
 

         
        

      



 

 28

 

 

 

Reference ID: 3721520

        
          

       
  

        
        

       
        

        
        

       
             

         
 

            
         

   

           
         
        

  
   
    



---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

SRIKANTH C NALLANI
03/25/2015

VENKATESH A BHATTARAM
03/25/2015

KEVIN M KRUDYS
03/25/2015

YUN XU
03/25/2015

Reference ID: 3721520



 
 
 
 
 

1

CLINICAL PHARMACOLOGY REVIEW 

NDA: 22-225 SDN 51 Submission Date(s): 12/21/2012 

Brand Name  

Generic Name Sugammadex Sodium 

Clinical Pharmacology Reviewer 

Pharmacometrics Team Leader 

Srikanth C. Nallani, Ph.D. 

Atul V. Bhattaram, Ph.D. 

Clinical Pharmacology Team 
Leader 

Yun Xu, Ph.D. 

OCP Division Division of Clinical Pharmacology II 

OND Division Anesthesia and Analgesia Products 

Sponsor Merck/Organon USA 

Submission Type; Code Response to CR action 

Formulation; Strength(s) IV Injection; 100 mg/mL 

Indication 

 

 

Proposed Dosage Regimen 

Routine reversal of moderate or deep 
neuromuscular blockade (NMB) by rocuronium or 
vecuronium, and immediate reversal of NMB at 3 
minutes after administration of rocuronium. 

2 – 4 mg/kg for Routine reversal of moderate to 
deep NMB. 

16 mg/kg for immediate reversal of NMB. 

 

Table of Contents 

1  Executive Summary ..................................................................................................... 2 
1.1  Recommendation ............................................................................................................... 2 
1.2  Phase IV Commitments ...................................................................................................... 2 
1.3  Summary of Clinical Pharmacology Findings ..................................................................... 2 

2  Clinical Pharmacology Review .................................................................................... 4 
2.1  Bioanalytical methods used ................................................................................................ 12 
2.2  Labeling ............................................................................................................................ 13 

3  Appendix .................................................................................................................... 19 
3.1  Proposed labeling ............................................................................................................. 19 
3.2  Individual Study Reviews ................................................................................................. 36 

3.2.1  Synopsis of Clinical Study (P07044) ............................................................................ 36 
3.2.2  Synopsis of Clinical Study P07025 .............................................................................. 40 
3.2.3  Synopsis of Clinical Study P05773 or 19.4.333 ............................................................. 42 
3.2.4  Synopsis of Clinical Study P05769 (or 19.4.328)........................................................... 46 
3.2.5  Synopsis of Clinical Study 19.4.112 ............................................................................. 50 
3.2.6  Synopsis of Clinical Study 19.4.113 or P05861 ............................................................. 52 
3.2.7  Synopsis of Clinical Study P05997 .............................................................................. 57 

 

Reference ID: 3362325

(b) (4)



 
 
 
 
 

2

1 Executive Summary 

1.1 Recommendation 

The application is acceptable from a clinical pharmacology perspective provided that a 
mutually satisfactory agreement can be reached between the Agency and the Sponsor 
regarding the labeling changes. 

1.2 Phase IV Commitments 

None. 

1.3 Summary of Clinical Pharmacology Findings 

Originally, Organon (now acquired by Merck) sought Agency’s approval of its product, 
Sugammadex for two indications: a) routine reversal of shallow or profound 
neuromuscular blockade (NMB) induced by rocuronium or vecuronium, and b) 
immediate reversal of neuromuscular blockade at 3 minutes after administration of 
rocuronium.   

Sugammadex, if approved, will be the first in a new class of NMB reversing agent.  This 
is a resubmission by Merck in response to the Not Approvable letter issued by the 
Agency on July 31, 2008 for NDA 22-225 mainly due to the lack of adequate 
characterization of (1) hypersensitivity reactions and (2) effect on coagulation of the 
product.  Additional clinical pharmacology studies were also submitted to support 
labeling claims. 

Clinical study (P07044) was conducted in healthy subjects to assess sugammadex-
anticoagulant (enoxaparin or heparin) interaction.  There was no effect of 4 mg/kg and 16 
mg/kg sugammadex on anti-Xa and APTT effects of enoxaparin 40 mg SC or 5000 units 
of unfractionated heparin.    

Clinical study (P07025) was conducted in healthy subjects to assess sugammadex-aspirin 
interaction.  There was no effect of 4 mg/kg of platelet aggregation effects of aspirin.   

Second TQT study (Study 19.4.116 or P06315) was conducted to evaluate the potential 
for QT/QTc prolongation after administration of 4 mg/kg sugammadex as compared to 
placebo in the presence of the maintenance anesthetic agents, propofol or sevoflurane in 
healthy volunteers.  No significant QTc prolongation effect of sugammadex was detected 
in this TQT study. 

In three clinical studies (19.4.304 (already previously reviewed by Dr. Lei K. Zhang in 
2008), 19.4.328, and 19.4.333), PK of sugammadex and removal of sugammadex from 
plasma circulation of patients with severe renal impairment by hemodialysis was 
investigated.  In subjects with severe renal impairment, clearance of sugammadex was 
reduced approximately 10-fold, terminal half-life increased 13-fold, and volume of 
distribution increased by a factor of approximately 2 compared to the control group. This 
resulted in prolonged exposure to sugammadex, with AUC being 8-fold higher in 
subjects with severe renal impairment.  Using high-flux dialysis filter, compared to low-
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flux filter, results in a more efficient clearance of sugammadex (and sugammadex+ 
rocuronium) from plasma. 

Clinical study 19.4.112 or P05861 was conducted to assess the potential for recurrence of 
NMB through displacement of rocuronium or vecuronium by diclofenac or flucloxacillin 
5 minutes after reversal of NMB by sugammadex.  Diclofenac or flucloxacillin did not 
alter pharmacokinetic disposition of rocuronium or vecuronium in plasma.  No 
reoccurrence of neuromuscular block was observed after the administration of the 
administration of diclofenac or flucloxacillin based on TOF Watch SX monitoring during 
anesthesia.    

Clinical Study 19.4.113 or P05861 evaluated re-use of rocuronium and vecuronium after 
NMB with Sugammadex.  This was an open-label study to assess the safety of re-use of 
1.2 mg/kg rocuronium and 0.1 mg/kg vecuronium after reversal of neuromuscular 
blockade by 4 mg/kg sugammadex in anesthetized healthy volunteers.   

 After re-use of rocuronium, subjects showed neuromuscular block after the 
shortest reuse time at 5 minutes following sugammadex reversal.  

o NMB onset time ranged from 1.92 to 4.72 min (arithmetic mean: 3.06).  

o For later re-use time points (30 min onwards) NMB onset times decreased, 
ranging between 1.23 and 1.43 min.  

 Clinical duration of the NMB with rocuronium re-use time-point at 5 minutes, 
ranged from 17.8-41.0 min.  

 After re-use of vecuronium, neuromuscular block with onset times below 3 
minutes was only observed with a wait time of 3.5 hours onwards.  

o Complete NMB did not occur after vecuronium re-use at 2 hours and 2.5 
hours after sugammadex administration. Therefore, it was decided not to 
proceed with earlier time-points of re-use of vecuronium.  

o Onset times of neuromuscular block at re-use times ≥3.5 hours ranged 
from 1.68 minutes (re-use at 3.5 h) to 3.15 minutes (re-use at 4 h) with 
NMB durations between 24.2 minutes (reuse at 4 h) and 31.4 minutes. 
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2 Clinical Pharmacology Review 

Originally, Organon sought Agency’s approval of its product, Sugammadex for two 
indications: a) routine reversal of shallow or profound neuromuscular blockade (NMB) 
induced by rocuronium or vecuronium, and b) immediate reversal of neuromuscular 
blockade at 3 minutes after administration of rocuronium.  Merck acquired Organon and 
Scherring Plough since 2008 and hence the studies make reference to different study 
number classification and different drug ID’s.   

Sugammadex, if approved, will be the first in a new class of NMB reversing agent.  This 
is a resubmission by Merck in response to the Not Approvable letter issued by the 
Agency on July 31, 2008 for NDA 22-225 mainly due to the lack of adequate 
characterization of (1) hypersensitivity reactions and (2) effect on coagulation of the 
product.  Merck considers this to be a complete response to the deficiencies outlined in 
the Not Approvable letter cited above for NDA 22-225.  Clinical safety and clinical 
pharmacology studies were submitted in response to deficiency #2 described below.   

2. Studies evaluating the effects of sugammadex on coagulation in patients 
undergoing surgical procedures. The studies should be designed to 
evaluate the magnitude and duration of sugammadex’s effect, the 
mechanism by which it occurs, and its clinical relevance in the 
perioperative setting. 

In addition to the deficiencies, Agency issued various comments (not required for 
approval) in the not approvable letter which were relevant to the clinical pharmacology 
discipline. 

2. A study of the frequency and severity of cardiac arrhythmias and QTc 
prolongation occurring in patients receiving sugammadex versus those 
receiving other NMBA reversal agents and those not receiving reversal 
agents but who were administered an NMBA during their surgical 
procedure. The study should be powered to detect differences for these 
adverse events based on findings from the clinical trials submitted in the 
NDA. 

3. A study to assess clearance of sugammadex-rocuronium complexes in 
patients with renal failure who undergo hemodialysis using high flux 
filtration. 

4. Studies to assess safety, efficacy, and dosing requirements for 
sugammadex when used in patients with hepatic impairment. The studies 
should characterize the pharmacokinetics and pharmacodynamics of 
rocuronium and vecuronium in these patients following the administration 
of sugammadex. 

5. Studies to assess safety and efficacy and appropriate dosing regimens in 
pediatric patients. Such studies should not be started until the safety issues 
for the adult population have been fully vetted by the Agency. 
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The following clinical pharmacology studies were submitted and reviewed in the current 
review cycle.  In addition, original clinical pharmacology review was also reviewed to 
reconcile labeling recommendations. 

Studies conducted to address the deficiency 2, in part, as described above: 

The following two clinical pharmacology studies were conducted in healthy volunteers as 
a randomized, double-blind, placebo-controlled, 4-period, crossover trials.   

 Clinical study (P07044) in healthy subjects to assess sugammadex-anticoagulant 
(enoxaparin or heparin) interaction.  There was no effect of 4 mg/kg and 16 mg/kg 
sugammadex on anti-Xa and APTT effects of enoxaparin 40 mg SC or 5000 units of 
unfractionated heparin (See details in attached study synopsis or review by Dr. 
George Shashaty).    

The results of the primary and secondary analysis can be summarized as follows: 

No interaction on Anti-Xa activity was observed, exceeding the pre-specified non-
inferiority margin after the addition of 4 mg/kg or 16 mg/kg sugammadex to background 
prophylactic enoxaparin dosing (Part 1). 

The two sided 90% upper confidence limits of the GMRs representing the anti-Xa effect 
of sugammadex in combination with enoxaparin versus enoxaparin alone were 1.07 and 
1.08 for 4 mg/kg and 16 mg/kg sugammadex respectively, i.e. below the pre-specified 
non-inferiority margin of 1.50. 
Figure: Mean and 90% CI percentage change from pre-dose sugammadex/placebo 
by treatment group for anti-Xa/APTT (Part 1). 
 
 
 
 
 
 
 
 
 
 
� No interaction on APTT was observed, exceeding the pre-specified non-inferiority 
margin after the addition of 4 mg/kg or 16 mg/kg sugammadex to background 
prophylactic UFH dosing (Part 2). 
Figure: Mean and 90% CI percentage change from pre-dose sugammadex/placebo 
by treatment group for anti-Xa/APTT (Part 2). 
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The two sided 90% upper confidence limits of the GMRs representing the APTT effect of 
sugammadex in combination with UFH versus UFH alone were 1.06 and 1.15 for 4 
mg/kg and 16 mg/kg sugammadex respectively, i.e. below the pre-specified non-
inferiority margin of 1.50. 

 Clinical study (P07025) in healthy subjects to assess sugammadex-aspirin interaction.  
There was no effect of 4 mg/kg of platelet aggregation effects of aspirin (See details 
in attached study synopsis or review by Dr. George Shashaty). 

The area under effect curve (AUEC) 3-30min geometric mean ratio (GMR) for platelet 
aggregation of aspirin in combination with sugammadex versus aspirin alone was 1.01 
and the corresponding two sided 90% lower confidence limit was 0.91, which was above 
the pre-specified non-inferiority margin of 0.75. 

Table: Treatment GMRs and corresponding lower limits of 90% CI’s for the 
AUEC3 -30 min of platelet aggregation (PA). 

 

The GMR for bleeding time of aspirin in combination with sugammadex versus aspirin 
alone was 1.20 and the corresponding two sided 90% upper confidence limit was 1.45, 
which was below the pre-specified non-inferiority margin 1.5. 

Figure: Unadjusted GMR of sugammadex alone to placebo and aspirin with 
sugammadex + aspirin and corresponding 90% CI of platelet aggregation, by time 
point. 
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Studies conducted to address comments (2 -5) provided by the Agency (as described 
above): 

Response to comment 2: 

 TQT study to evaluate the potential for QT/QTc prolongation after administration of 
4 mg/kg sugammadex as compared to placebo in the presence of the maintenance 
anesthetic agents, propofol or sevoflurane in healthy volunteers (Study 19.4.116 or 
P06315). See the review by QT - Integrated Review Team dated March 21, 2013. 

Summary: No significant QTc prolongation effect of sugammadex was detected in this 
TQT study. The largest upper bounds of the 2-sided 90% CI for the mean difference 
between propofol/sugammadex and placebo and sevoflurane/ sugammadex were below 
10 ms, the threshold for regulatory concern as described in ICH E14 guidelines. In this 
randomized, blinded, four-treatment parallel study, 132 healthy subjects received 
sugammadex with propofol or sevoflurane, or placebo with propofol or sevoflurane. The 
overall summary of findings is presented in the table below: 

The Point Estimates and the 90% CIs Corresponding to the Largest Upper 
Bounds for Sugammadex (FDA Analysis) 

 

There was no significant concentration-QT relationship observed for the studied 
sugammadex dose of 4 mg/kg. In addition, there was no supratherapeutic dose evaluated 
in this study, and the evaluated dose is not sufficient to address the high exposure 
scenario (e.g., elderly subject with moderate renal impairment treated with 16 mg/kg for 
immediate reversal), which would result in an 8.8-fold increase in AUC compared to 
sugammadex 4 mg/kg. However; a previous submission evaluated a supratherapeutic 
dose of sugammadex 32 mg/kg, and the mean QT prolongation was less 10 ms. The 
combination of the previous study results where an appropriate supratherapeutic dose was 
evaluated and the current study results, which demonstrate no significant concentration-
QT relationship support that substantial QT prolongation under the high exposure 
scenario is unlikely with the proposed maintenance regimens. 

Response to comment 3:  

 Clinical study to evaluate the dialyzability of the sugammadex-rocuronium complex 
in vivo in subjects with renal impairment (Study 19.4.333 or P05773).   

 Clinical study evaluating effectiveness of sugammadex in subjects with normal or 
severely impaired renal function (Study 19.4.328 or P05769).   

 Clinical study evaluating effectiveness, PK, and safety of sugammadex after 
rocuronium in subjects with normal or impaired renal function (updated Study 
19.4.304 or P05948, previously reviewed in the original NDA review cycle).   
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Summary: Previous studies indicate that sugammadex is eliminated unchanged via renal 
excretion and accordingly, increased exposure is noted in patients with mild, moderate or 
severe renal impairment.  In three clinical studies in the program (19.4.304 (already 
previously reviewed by Dr. Lei K. Zhang in 2008), 19.4.328, and 19.4.333), removal of 
sugammadex from plasma circulation by hemodialysis was investigated.  In study 
19.4.333 (or P05773), over an average six hours of dialysis episode a mean reduction in 
plasma sugammadex and rocuronium concentration was about 70% and 75% during the 
first episode and about 50% during the sequential episodes.  Study 19.4.328 was 
conducted as a Follow-up Measure (FUM) at the request of the European Medicines 
Agency (EMA) and was an open-label, multicenter, parallel-group, comparative Phase 3 
trial investigating the PK, and safety of sugammadex to reverse deep NMB (at 1-2 PTC) 
in subjects with severe renal impairment compared with subjects with normal renal 
function. In subjects with severe renal impairment, clearance of sugammadex was 
reduced approximately 10-fold, terminal half-life increased 13-fold, and volume of 
distribution increased by a factor of approximately 2 compared to the control group. This 
resulted in prolonged exposure to sugammadex, with AUC being 8-fold higher in 
subjects with severe renal impairment.  In this study (19.4.328), the median reduction in 
sugammadex plasma concentrations after a 3 to 4 hours of dialysis for the high-flux filter 
(n=5) was 70.2% and for the low-flux filter (n=5) the reduction was only 29.8%. In 
addition, the sponsor indicated that a high-flux filter in study 19.4.304 instead of the 
reported low flux dialysis filters.  Results of this study were already reviewed in the 
original review cycle.   In conclusion, using high-flux dialysis filter, compared to low-
flux filter, results in a more efficient clearance of sugammadex (and 
sugammadex+rocuronium) from plasma.   

Response to comment 4 

 Sponsor does not plan to propose specific recovery times of T4/T1 ratio to 0.9 in the 
label in patients with hepatic impairment. Therefore, a dedicated PK-PD trial in 
subjects with hepatic impairment has not been conducted. The Sponsor states that 
hepatic impairment is unlikely to affect PK of sugammadex, as it is predominantly, if 
not exclusively, eliminated via renal excretion of the unchanged product. The 
Sponsor also states that it cannot be entirely excluded that in some individuals with 
severe hepatic impairment (especially in cases of ascites or general edema in severe 
hepatic impairment with significantly impaired protein synthesis function) the time of 
distribution of sugammadex and/or rocuronium/vecuronium may be altered, 
potentially resulting in some delay in the recovery time from NMBA effects.  A 
recent publication of 3 cases with hepatic impairment, in whom variable and 
somewhat prolonged recovery times from NMB were reported, supports this note of 
caution.[Ref. 5.4: 160] 

Therefore, the Sponsor proposes a general statement in the label stating that sugammadex 
should be used with caution in subjects with severe hepatic impairment with 
coagulopathy or severe edema.  This is an acceptable approach, as the caution is meant 
towards the use of NMB’s rocuronium and vecuronium that may be cleared by the 
hepatic route and not meant towards use of renally cleared sugammadex. 
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Other studies 

 Clinical study to assess the potential for recurrence of NMB through displacement of 
rocuronium or vecuronium by diclofenac or flucloxacillin 5 minutes after reversal of 
NMB by sugammadex (Study 19.4.112 or P05861).   

Summary: Diclofenac or flucloxacillin did not alter pharmacokinetic disposition of 
rocuronium or vecuronium in plasma.  No reoccurrence of neuromuscular block was 
observed after the administration of the administration of diclofenac or flucloxacillin 
based on TOF Watch SX monitoring during anesthesia.    

 Clinical study to evaluate re-use of rocuronium and vecuronium after NMB with 
Sugammadex (Study 19.4.113 or P05861).  This was an open-label study to assess the 
safety of re-use of 1.2 mg/kg rocuronium and 0.1 mg/kg vecuronium after reversal of 
neuromuscular blockade by 4 mg/kg sugammadex in anesthetized healthy volunteers.   

Summary:  

Rocuronium re-use: After re-use of rocuronium, subjects showed fast onset times of 
neuromuscular block already after the shortest reuse time at 5 minutes following 
sugammadex reversal. For the 6 subjects with rocuronium re-use at 5 min, NMB onset 
time ranged from 1.92 to 4.72 min (arithmetic mean: 3.06). For later re-use time points 
(30 min onwards) NMB onset times decreased, ranging between 1.23 and 1.43 min. 
Clinical duration of the NMB among the 6 subjects with rocuronium re-use time-point at 
5 minutes, ranged from 17.8-41.0 min (arithmetic mean 25.3 minutes) and was around 30 
min and longer for subjects with rocuronium re-use time points from 22 minutes (N=7) 
onwards.   
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Vecuronium re-use: In Part 2, six subjects received the second dose of vecuronium with 
re-use time points between 2 hours and 5 hours after sugammadex administration. A 
complete neuromuscular block with onset times below 3 minutes was only observed for 
vecuronium re-use times from 3.5 hours onwards. No complete NMB occurred after 
vecuronium re-use at 2 hours and 2.5 hours after sugammadex administration. Therefore, 
it was decided not to proceed with earlier time-points of re-use of vecuronium. Onset 
times of neuromuscular block at re-use times ≥3.5 hours ranged from 1.68 minutes (re-
use at 3.5 h) to 3.15 minutes (re-use at 4 h) with NMB durations between 24.2 minutes 
(reuse at 4 h) and 31.4 minutes. 
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2.1 Bioanalytical methods used 

 
Assays 1, 2, and 3 (determination of sugammadex, rocuronium [Org 9426], and 
vecuronium [Org NC 45], respectively, in human plasma) were the same as applied in 
clinical trials described in the original NDA submission. A modified liquid 
chromatography coupled to tandem mass spectrometry (LC-MS/MS) assay for the 
determination of sugammadex in human plasma (Assay 6) was developed, validated, and 
applied in Trials P07044 and P07038 (validation report DM-1011A/AMR DM-1011A). 
The major modifications of this assay compared with the assay previously used (Assay 1) 
are: 

Furthermore, 2 new assays (Assays 4 and 5) were developed and validated for the 
determination of sugammadex and rocuronium, respectively, in dialysate (Trial 19.4.333; 
validation reports 080064/INT00077119 and 080101/INT00082710, respectively). 
Anti-Activated Coagulation Factor Xa (Anti-Xa) 
Anti-Xa was analyzed in Trials P07044 and P07038. The anti-Xa assay was performed 
using a commercially available amidolytic chromogenic assay for the determination of 
heparin(s). The principle of the test was to determine in human plasma the capacity to 
neutralize added bovine Factor Xa activity. The residual Factor Xa activity is inversely 
proportional to the heparin concentration. After a reaction with substrate, the amount of 
heparin was determined spectrophotometrically. The results were to be recorded in 
international units (IU)/mL. 
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3.2 Individual Study Reviews 

3.2.1 Synopsis of Clinical Study P07044 

Study Title: A randomized, double-blind, placebo-controlled, 4-period, two part cross-
over study to evaluate the potential interaction effect between 4 mg/kg and 16 mg/kg 
sugammadex and enoxaparin or unfractionated heparin on  anticoagulant activity in 
young healthy male volunteers (Protocol No. P07044). 
OBJECTIVES: 
Part 1: Enoxaparin 
Primary Objective: 
To investigate the potential effect of 4 mg/kg and 16 mg/kg sugammadex on the Anti-Xa 
anticoagulant 
activity of enoxaparin. 
Primary Hypotheses: 
1. Administration of a single subcutaneous (SC) dose of 40 mg enoxaparin in 
combination with 4 mg/kg sugammadex does not increase the Anti-Xa activity AUEC3-
30 min to a ratio exceeding 1.5 as compared to enoxaparin alone. 
2. Administration of a single SC dose of 40 mg enoxaparin in combination with 16 mg/kg 
sugammadex does not increase the Anti-Xa activity AUEC3-30 min to a ratio exceeding 
1.5 as compared to enoxaparin alone. 
Secondary Objectives: 
� To investigate the potential effect of 4 mg/kg and 16 mg/kg sugammadex on the APTT 
anticoagulant activity of enoxaparin. 
� To evaluate the effect of enoxaparin on the potential APTT anticoagulant activity of 4 
mg/kg sugammadex. 
� To evaluate the potential anticoagulant activity of 4 mg/kg sugammadex as compared 
to baseline. Anti-Xa activity and APTT will be the secondary endpoint measures. 
� To evaluate the safety and tolerability of sugammadex alone or in combination with 
enoxaparin. 
Part 2: Unfractionated Heparin (UFH) 
Primary Objective: 
To investigate the potential effect of 4 mg/kg and 16 mg/kg sugammadex on the APTT 
anticoagulant activity of UFH. 
Secondary Objectives: 
� To evaluate the effect of UFH on the potential APTT anticoagulant activity of 16 
mg/kg sugammadex. 
� To evaluate the potential anticoagulant activity of 16 mg/kg sugammadex as compared 
to baseline. APTT and Anti-Xa activity will be the secondary endpoint measures. 
� To evaluate the safety and tolerability of sugammadex alone or in combination with 
UFH. 
STUDY DESIGN: 
This study was conducted as a randomized, double-blind, placebo-controlled, 4-period, 
two part cross-over study to evaluate the potential interaction between 4 mg/kg and 16 
mg/kg sugammadex and enoxaparin or unfractionated heparin on anticoagulant activity in 
young healthy male volunteers. A double-blind design for sugammadex and placebo was 
used to avoid biases in (subjective) safety reporting. Furthermore, the 
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anticoagulant/placebo was administered in a double-blind fashion to avoid the unblinding 
of the randomization sequence (i.e. after placebo anticoagulant sugammadex is always 
administered). A 4-period cross-over study to be performed in 2 parts was considered to 
be an efficient and powerful design for the evaluation of the potential interaction of 4 
mg/kg and 16 mg/kg sugammadex on the anticoagulant activity of enoxaparin (Part 1) 
and UFH (Part 2), in both parts applying a within-subject comparison. Part 1 and Part 2 
consisted of the following treatments: 

 
Pharmacodynamics: 
Blood sampling for Anti-Xa activity and APTT was to be performed at - 3:00 (i.e. pre-
dose anticoagulant  (-3 h 00 min), -2:30, -2:00, - 1:00, -0:30, -0:10, -0:05 hrs:min (i.e. 
pre-dose sugammadex/placebo), and 0:03, 0:10, 0:20, 0:30, 1:00, 3:00 and 6:00 hrs:min 
post sugammadex/placebo for both Part 1 and Part 2. 
For other PD parameters (i.e. PT(INR)), TGT and Factor Xa generation), samples were to 
be collected at - 0:05 (i.e. pre-dose sugammadex/placebo) and 0:03, 0:10, 0:20, 0:30, 
1:00, 3:00 and 6:00 hrs:min post sugammadex/placebo for both Part 1 and 2. All PD 
blood samples were to be taken from the arm opposite to the arm used for 
sugammadex/placebo administration. PD parameters were to be assessed using validated 
assays.  Details of the PD sample collection schedule is given below. 
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Part 1: Enoxaparin 
Primary objective: 
Endpoint: AUEC3-30min of Anti-Xa 
� The AUEC3-30min GMR for Anti-Xa of enoxaparin in combination with 
sugammadex 4 mg/kg versus enoxaparin alone was 1.02 and the corresponding two sided 
90% upper confidence limit was 1.07, which was below the prespecified non-inferiority 
margin of 1.50.  
� The AUEC3-30min GMR for Anti-Xa of enoxaparin in combination with 
sugammadex 16 mg/kg versus enoxaparin alone was 1.04 and the corresponding two 
sided 90% upper confidence limit was 1.08, which was below the prespecified non-
inferiority margin of 1.50. 
 
Part 2: Unfractionated Heparin 
Primary objective 
Endpoint: AUEC3-30min of APTT 
� The AUEC3-30min GMR for APTT of UFH in combination with sugammadex 4 
mg/kg versus UFH alone was 1.04 and the corresponding two sided 90% upper 
confidence limit was 1.06, which was below the prespecified non-inferiority margin of 
1.50. 
� The AUEC3-30min GMR for APTT of UFH in combination with sugammadex 16 
mg/kg versus UFH alone was 1.13 and the corresponding two sided 90% upper 
confidence limit was 1.15, which was below the prespecified non-inferiority margin of 
1.50. 
 
Pharmacokinetics 
The plasma concentration profiles of sugammadex during the period of pharmacokinetic 
measurements (3 minutes to 6 hours) after treatment with 4 mg/kg sugammadex alone 
and after treatment with 4 mg/kg sugammadex on top of enoxaparin treatment are similar. 
Likewise, the plasma concentration profiles of sugammadex during the same period after 
treatment with 16 mg/kg sugammadex alone and after treatment with 16 mg/kg 
sugammadex on top of UFH treatment are similar. 
Summary of Results: 
The results of the primary and secondary analysis can be summarized as follows: 
� No interaction on Anti-Xa activity was observed, exceeding the pre-specified non-
inferiority margin after the addition of 4 mg/kg or 16 mg/kg sugammadex to background 
prophylactic enoxaparin dosing (Part 1). 
� The two sided 90% upper confidence limits of the GMRs representing the anti-Xa 
effect of sugammadex in combination with enoxaparin versus enoxaparin alone were 1.07 
and 1.08 for 4 mg/kg and 16 mg/kg sugammadex respectively, i.e. below the pre-
specified non-inferiority margin of 1.50. 
Figure: Mean and 90% CI percentage change from pre-dose sugammadex/placebo 
by treatment group for anti-Xa/APTT (Part 1). 
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� No interaction on APTT was observed, exceeding the pre-specified non-inferiority 
margin after the addition of 4 mg/kg or 16 mg/kg sugammadex to background 
prophylactic UFH dosing (Part 2). 
Figure: Mean and 90% CI percentage change from pre-dose sugammadex/placebo 
by treatment group for anti-Xa/APTT (Part 2). 
 
 
 
 
 
 
 
 
 
� The two sided 90% upper confidence limits of the GMRs representing the APTT effect 
of sugammadex in combination with UFH versus UFH alone were 1.06 and 1.15 for 4 
mg/kg and 16 mg/kg sugammadex respectively, i.e. below the pre-specified non-
inferiority margin of 1.50. 
� Sugammadex treatment alone resulted in similar limited APTT increases, with two 
sided 90% upper confidence limits of the GMRs 1.08 and 1.15 for 4 mg/kg and 16 mg/kg 
sugammadex respectively. 
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3.2.2 Synopsis of Clinical Study P07025  

Study Title: A Randomized, Double-Blind, Placebo-Controlled, 4-Period 
Cross-Over Drug-Drug Interaction Study to Evaluate the Effect Of Sugammadex and 
Aspirin on Platelet Aggregation and Coagulation Parameters in Young Healthy Male 
Volunteers. 
Primary Objective: 
To investigate the potential of an interaction between 4 mg/kg sugammadex and aspirin 
on platelet aggregation (PA) using collagen-induced whole blood aggregometry in young 
healthy male volunteers. 
Secondary Objectives: 
1 To investigate the potential of an interaction between 4 mg/kg sugammadex and aspirin 
on activated partial thromboplastin time (APTT). 
2 To compare the effect of single intravenous doses of 4 mg/kg sugammadex on APTT 
with placebo. 
3 To investigate the potential interaction between 4 mg/kg sugammadex and aspirin on 
cutaneous bleeding time. 
Treatment: The study consisted of 4 cross-over treatment periods and each treatment 
period consisted of three confinement days (i.e. Day -1, Day 1 and Day 2). In each 
period, subjects received a single intravenous injection of placebo or of 4 mg/kg 
sugammadex, according to a sponsor provided randomization schedule. In periods 1 and 
2, subjects received placebo or sugammadex with an in-between washout period of at 
least 4 days, without a co-administration of 75 mg aspirin. After the washout period 
following treatment period 2, once daily oral administration of 75 mg aspirin was started 
and continued until period 4, for maximally 16 days. A single intravenous injection of 
placebo or sugammadex was administered after at least 7 and 11 consecutive days of 
once daily treatment of 75 mg aspirin in periods 3 and 4 respectively. 
In the occasion that aspirin treatment was interrupted temporarily after 
sugammadex/placebo dosing in period 3, intake of at least 7 consecutive daily doses of 
aspirin was required prior to sugammadex/placebo dosing in Period 4. 
EVALUATION CRITERIA: 
Pharmacodynamics: 
Platelet aggregation, APTT, PT/INR, ACT, TGT and the factor Xa generation test were 
evaluated at pre-dose (i.e. -5 minutes) and 3, 15 and 30 minutes and 1, 3 and 6 hours 
post-dose. All pharmacodynamic blood samples were to be taken from the arm opposite 
to the arm used for drug infusion. For the bleeding time, evaluations were conducted at 
pre-dose (i.e. -15 minutes) and 5 minutes and 6 hours post-dose. The bleeding time 
assessment was performed in the same arm as used for drug infusion. 
Pharmacokinetics: 
Plasma concentrations of sugammadex were determined at pre-dose (i.e. -5 minutes) and 
3, 15 and 30 minutes and 1, 3 and 6 hours post-dose using a validated assay. All 
pharmacokinetic blood samples were taken from the arm opposite to the arm used for 
drug infusion. Samples drawn after placebo treatment were not analyzed. 
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RESULTS: 
Pharmacodynamics: 
� The AUEC3-30min GMR for platelet aggregation of aspirin in combination with 
sugammadex versus aspirin alone was 1.01 and the corresponding two sided 90% lower 
confidence limit was 0.91, which was above the pre-specified non-inferiority margin of 
0.75. 

 
� The AUEC3-30min GMR of the statistical interaction between sugammadex and 
aspirin on APTT was 1.01 and the corresponding two sided 90% upper confidence limit 
was 1.04, which was below the prespecified non-inferiority margin 1.50. 
� The AUEC3-30min GMR for APTT of sugammadex alone versus placebo was 1.06 
and the corresponding two sided 90% upper confidence limit was 1.07, which was below 
the pre-specified non-inferiority margin 1.5. 
� The GMR for bleeding time of aspirin in combination with sugammadex versus aspirin 
alone was 1.20 and the corresponding two sided 90% upper confidence limit was 1.45, 
which was below the prespecified non-inferiority margin 1.5. 
 

 
 
Pharmacokinetics: 
� The plasma concentration profiles of SCH 900616 during the period of 
pharmacokinetic measurements (3 minutes to 6 hours) after treatment with sugammadex 
alone and after treatment with sugammadex on aspirin medication background were 
similar. 
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3.2.3 Synopsis of Clinical Study P05773 or 19.4.333 

Title of Study: A Single Center, Open-Label Trial In Subjects With Severe Renal 
Impairment Evaluating The Dialysability Of The Sugammadex (Sch 900616, Org 25969) 
- Rocuronium Complex (Protocol No. P05773, Formerly 19.4.333) 
 

Objective(s): The clinical trial objectives were: 
To evaluate the dialysability of the sugammadex-rocuronium complex in subjects with 
severe renal impairment; 
To evaluate the safety of sugammadex in subjects with severe renal impairment; 
To evaluate the efficacy of sugammadex in subjects with severe renal impairment. 
Methodology: 
This was a single center, exploratory, open label trial. It was designed to evaluate the 
dialysability of the sugammadex-rocuronium complex in vivo in subjects with severe 
renal impairment. At day 1, the subjects with severe renal impairment were to receive a 
single dose of 4.0 mg.kg-1 sugammadex at 15 minutes after administration of 
rocuronium. From day 1 on, the dialysability of the sugammadex-rocuronium complex 
was evaluated. Dialysis was done using the Fresenius 4008H hemodialyzer, with a 
hemodiafilter standard helixone membrane FX 600. Plasma samples taken 15 minutes 
and 6 hours after end of dialysis were used for determining rebound by comparison to 
arterial concentrations just before end of dialysis. For neuromuscular 
monitoring a TOF-Watch® SX was used.  
This study was performed in compliance with good clinical practice, including the 
archiving of essential documents. 
Number of Subjects: 
In total, six subjects were treated with sugammadex in this study, four males and two 
females. Their mean age was 76 years. Five subjects were American Society of 
Anesthesiologists (ASA) class 3, one was ASA class 4. 
Diagnosis and Criteria for Inclusion: 
Males or females of at least 18 years of age; who were ASA class ≤ 4; had creatinine 
clearance < 30 mL/min and clinical indication for dialysis; were hospitalized at the 
intensive care unit (ICU) and scheduled for a (surgical) procedure under general 
anesthesia requiring neuromuscular relaxation with the use of rocuronium; scheduled for 
a (surgical) procedure in supine position; and had provided written informed consent (of 
the legal representative). 
Test Product, Dose, Mode of Administration, Batch No(s): 
Esmeron® (rocuronium bromide); supplied in colorless 10-mL vials containing 100 mg 
(ie, 10 mg.mL-1) of rocuronium bromide (further referred to as rocuronium), batch 
number CB040. Each subject received an intravenous (IV) single bolus dose of 0.6 
mg.kg-1 rocuronium. Rocuronium was considered trial medication, not test product, in 
this study. 
Sugammadex (investigational medicinal product, IMP); supplied in 5-mL vials 
containing 500 mg active entity (ie, 100 mg.mL-1) of sugammadex, batch numbers 
CA050 and CB133. At 15 minutes after administration of rocuronium, a single IV bolus 
dose of 4.0 mg.kg-1 sugammadex was administered. 
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The bolus doses of rocuronium and sugammadex were administered within 10 seconds 
into a fast running infusion. Rocuronium and sugammadex were dosed on the actual body 
weight. 
Duration of Treatment:Full recovery from neuromuscular blockade is expected at the 
end of anesthesia. The trial period consisted of four major periods: a screening period of 
maximally 7 days, a 1-day peri-procedural period, a post-procedural visit, and a 7-day 
follow-up period. 
Criteria for Evaluation: 
Pharmacokinetic variables: Rocuronium and sugammadex concentrations were measured 
in plasma and dialysate at several time points before, during and (until 6 hours) after 
dialysis. The following pharmacokinetic parameters were calculated for each dialysis 
episode: the dialysis clearance in plasma and dialysate (CLblood and CLdialysate) and 
the reduction ratio (RR). 
Safety variables: (Serious) Adverse Events (from signing informed consent until follow-
up visit), Medical Device (near) Incidents (during neuromuscular monitoring), vital signs, 
ie, blood pressure and heart rate (at screening, before rocuronium, before sugammadex, at 
2, 5, 10, and 30 minutes after sugammadex at the post-procedural visit and at the follow-
up visit), physical examination (at screening, at the post-procedural visit and at the 
follow-up visit). 
Other safety variables: Recurrence of neuromuscular blockade based on the TOF-Watch 
SX recording or based on clinical evidence (until the post-procedural visit), events due to 
a possible interaction of sugammadex with an endogenous or exogenous compound other 
than rocuronium (until the post-procedural visit), pregnancy follow-up (7th post-
procedural day) according to regulatory requirements. 
Efficacy variables: Time from start of administration of sugammadex to recovery of the 
T4/T1 ratio to 0.7, 0.8, and 0.9. 
Statistical Methods: 
Descriptive statistics were presented for the concentrations and pharmacokinetic 
parameters of rocuronium and sugammadex. 
For the primary analysis of the efficacy parameters, the summary statistics of the times 
from start of administration of sugammadex to recovery of the T4/T1 ratio to 0.7, 0.8 and 
0.9, were calculated for the ITT group. The summary statistics included among others 
geometric mean, 95% confidence interval of the geometric mean, median, minimum and 
maximum values. 
SUMMARY-CONCLUSIONS: 
RESULTS: 
Pharmacokinetics: 
Descriptive statistics of the pharmacokinetic parameters for sugammadex and rocuronium 
are given in the following table. 
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The concentrations in plasma entering the dialyzer (Cin) as well as the concentrations in 
plasma leaving the dialyzer (Cout) showed a decreasing trend in time for sugammadex as 
well as rocuronium. 
The reduction ratios which reflect the extent of reduction of the concentrations in plasma 
before dialysis compared to the end of a dialysis episode (average duration: 6 hours) 
indicate a mean reduction of the plasma concentration of about 70% and 75% during the 
first episode and mostly more than 50% during the sequential episodes for sugammadex 
and rocuronium, respectively. 
On average blood clearance of sugammadex was approximately 78 mL/min and dialysate 
clearance 65 mL/min over two to four dialysis episodes. 
On average blood clearance of rocuronium was approximately 89 mL/min and dialysate 
clearance 94 mL/min over two to four dialysis episodes. 
Effectiveness: 
The times from the start of the administration of sugammadex to recovery of the T4/T1 
ratio to 0.9 ranged from 3 min: 26 sec to 9 min: 49 sec, with a median of 4 min: 9 sec. 
The geometric mean of the time from administration of sugammadex to recovery of the 
T4/T1 ratio to 0.9 was 5 min: 7 sec (95% CI: 3 min: 4 sec –8 min: 32 sec). These 
recovery times seem somewhat prolonged in comparison to results from previous deep 
block studies. 
For none of the subjects a possible interaction of sugammadex with endogenous or with 
exogenous compounds, other than rocuronium, was reported. 
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Figure : Overlay Plots of Concentrations in Plasma Entering the Dialyzer (Cin) and Leaving the 
Dialyzer (Cout) versus Time for the Sequential Dialysis Episodes 
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3.2.4 Synopsis of Clinical Study P05769 (or 19.4.328) 

Title of Study: A Multi-Center, Parallel-Group, Comparative Trial Evaluating The 
Efficacy, Pharmacokinetics And Safety Of 4.0 Mg.Kg-1 Sugammadex (Sch900616, Org 
25969) Administered At 1-2 Ptc In Subjects With Normal Or Severely Impaired Renal 
Function (Protocol No. P05769, Formerly 19.4.328) 
Objective(s): 
Primary objective: To show equivalence with respect to the efficacy of sugammadex in 
subjects with normal or severely impaired renal (SRI) function. 
Secondary objectives: To evaluate the safety of sugammadex in subjects with normal or 
severely impaired renal function, and to compare the pharmacokinetics of sugammadex 
in subjects with normal or severely impaired renal function. 
Methodology: 
This was an open-label, multicenter, parallel-group, comparative study in subjects with 
normal and severely impaired renal function. Each subject received an intravenous (IV) 
single bolus dose of 0.6 mg.kg-1 rocuronium.  After this dose, maintenance doses of 0.1 - 
0.2 mg.kg-1 rocuronium could be given. After the last dose ofrocuronium had been 
administered, the subject received a single bolus dose of 4.0 mg.kg-1 sugammadex at a 
target depth of neuromuscular blockade of 1-2 post tetanic counts (PTC). For 
neuromuscular monitoring a TOFWatch SX was used. 
Number of Subjects: 
In total, 69 subjects were enrolled, but one subject discontinued before treatment with 
sugammadex. Hence, 68 subjects were treated with sugammadex in this study, 35 
subjects with SRI and 33 control subjects. 
Diagnosis and Criteria for Inclusion: 
Males or females of at least 18 years of age; who are ASA class 1-3 (classification of 
physical status established by the American Society of Anesthesiologists); have 
creatinine clearance (CLcr) < 30 mL.min-1 and no anticipated clinical indication for high 
flux hemodialysis during first 24 hours after sugammadex administration (for SRI group) 
or CLcr ≥ 80 mL.min-1 (for control group); are scheduled for a surgical procedure under 
general anesthesia with propofol requiring neuromuscular relaxation with the use of 
rocuronium; are scheduled for a surgical procedure in supine position; and have provided 
written informed consent. 
Test Product, Dose, Mode of Administration, Batch No(s): 
Esmeron® (rocuronium bromide); supplied in colorless vials containing 100 mg in 10 
mL (ie, 10 mg.mL-1) of rocuronium bromide (further referred to as rocuronium), batch 
numbers CB040 and CB135. Each subject received rocuronium as a single IV intubation 
dose (0.6 mg.kg-1) and, if necessary, as maintenance bolus dosages of 0.1 to 0.2 mg.kg-1. 
Rocuronium was considered trial medication, not test product, in this study.  
Sugammadex (investigational medicinal product, (IMP)); supplied in vials containing 500 
mg active entity in 5 mL (ie, 100 mg.mL-1) of sugammadex, batch numbers CA050 and 
CB133. After the last dose of rocuronium had been administered, the subject received a 
single bolus dose of 4.0 mg.kg-1 sugammadex at a target depth of blockade of 1-2 PTC. 
The bolus doses of sugammadex and rocuronium were administered within 10 seconds 
into a fast running venous infusion. Sugammadex and rocuronium were dosed on the 
actual body weight. 
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Duration of Treatment: The study period consisted of four major periods: a screening 
period of maximally 7 days, a 1-day peri-procedural period, a post-procedural visit, and a 
follow-up period with 2 visits. 
Criteria for Evaluation: 
Efficacy variables: Time from start of administration of sugammadex to recovery of the 
T4/T1 ratio (ie, ratio of fourth response over first response to TOF stimulation) to 0.9, 0.8 
and 0.7. 
Other neuromuscular variable: Number of PTCs at the time point of administration of 
sugammadex. 
Safety variables: Pre-treatment events (from signing informed consent until 
administration of IMP), (Serious) Adverse Events (from administration of IMP up to end 
of trial), Medical Device (near) Incidents (during neuromuscular transmission 
monitoring), laboratory parameters (at screening [CLcr only], pre-rocuronium, at 20 
minutes and 4-6 hours post-IMP, at the post-anesthetic visit, and at the follow-up visits), 
physical examination (at screening, at the post-anesthetic visit, and at the follow-up 
visits), vital signs (ie, blood pressure and heart rate, at 
screening, pre-rocuronium, pre-IMP, at 2, 5, 10, and 30 minutes post-IMP, at the post-
anesthetic visit, and at the follow-up visits). 
Other safety variables: Recurrence of neuromuscular blockade based on the TOF-Watch 
SX recording (ie, a decline in T4/T1 ratio from ≥0.9 to <0.8 in at least three consecutive 
T4/T1 values), clinical evidence of recurrence of neuromuscular blockade or residual 
neuromuscular blockade (as assessed by routine oxygen saturation by pulse oximetry, 
breath frequency measurement, etc.), events due to a possible interaction of sugammadex 
with an endogenous or exogenous compound other than rocuronium, pregnancy follow-
up at last visit (28 days after IMP administration) according to regulatory requirements. 
Pharmacokinetic variables: Sugammadex and rocuronium concentrations in plasma, 
pharmacokinetic variables clearance (CL), volume of distribution (Vss) and t1/2 for 
sugammadex. 
Statistical Methods: 
The primary and secondary efficacy variables (times from start of administration of 
sugammadex to recovery of the T4/T1 ratio to 0.7, 0.8 and 0.9) are analyzed using a non-
parametric confidence interval (CI) approach. The estimated difference between the two 
subject groups with the corresponding two-sided 95% CI is calculated by using the 
methods of Hodges-Lehmann and Moses. The primary efficacy analysis is performed for 
the Intent-to-Treat (ITT) group using, in case of missing data, imputed data. Supportive 
efficacy analyses are performed for the ITT and Per Protocol groups on the complete 
cases (only available data were used). 
Safety data, demographic and baseline characteristics data, and data related to the study-
medication (sugammadex and rocuronium) and anesthetics are analyzed using descriptive 
statistics. No statistical tests are performed for these data. Descriptive statistics were used 
for sugammadex and rocuronium concentrations in plasma and PK variables for 
sugammadex  
SUMMARY-CONCLUSIONS: 
RESULTS: In total, 68 subjects were treated with sugammadex in this study, 35 subjects 
with SRI (18 males and 17 females) and 33 control subjects (20 males and 13 females). 
Their mean age (range) was 57 (27-79) years and 45 (18-73) years in SRI and control 
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subjects, respectively. The majority of subjects in the SRI group were classified as ASA 
class 3 (91%), and in the control group as ASA class 1 or 2 (48% and 42%, respectively). 
Efficacy: The geometric mean time from start of administration of sugammadex to 
recovery of the T4/T1 ratio to 0.9 was 3 min: 25 sec (95% CI: 2 min: 49 sec – 4 min: 08 
sec) for the SRI group and 1 min: 52 sec (95% CI: 1 min: 32 sec – 2 min: 18 sec) for the 
control group. 
The estimated median treatment difference in the time from start of administration of 
sugammadex to recovery of the T4/T1 ratio to 0.9 was 78 seconds with corresponding 
95% CI ranging from 36 to 143 seconds for the ITT group, using imputation of missing 
data. Therefore, the primary endpoint, recovery of the T4/T1 ratio to 0.9, does not meet 
the pre-specified bounds for equivalence of +/- 60 seconds in subjects with severe renal 
impairment and normal renal function. Data from the ITT group, using completed cases, 
and data from the PP group support this statement.  With respect to the times from start of 
administration of sugammadex to recovery of the T4/T1 ratio to 0.7 and 0.8 the estimated 
median differences (95% CI) were 60 seconds (31-103 seconds) and 68 seconds (36-120 
seconds), respectively, for the ITT population using imputation for missing data. The 
results for the ITT and PP populations were similar, considering both completed cases as 
well as results using imputed TOF ratios. 
 
Pharmacokinetics: 
Five minutes after sugammadex administration, plasma levels of sugammadex were 
about 50 μg.mL-1 for both groups. Thereafter, sugammadex levels decreased faster in the 
control group than in the SRI group, reflective of the difference in renal function between 
groups. At 10 h after dosing, median sugammadex levels were about 14 μg.mL-1 in the 
SRI group and about 0.5 μg.mL-1 in the control group. 
On follow-up Day 28, nine SRI subjects still had measurable sugammadex levels (ie, 
above LLOQ of 0.1 μg.mL-1) up to 0.252 μg.mL-1 for eight subjects and 1.95 μg.mL-1 
for one subject. 
In SRI patients, clearance of sugammadex was reduced approximately 10-fold, terminal 
half-life increased 13-fold and volume of distribution (Vss) was increased by a factor of 
approximately 2 compared to the control group. 
This resulted in prolonged exposure to sugammadex, with AUC being 8-fold higher, in 
severe renally impaired patients.  Twelve subjects received hemodialysis within the first 
48 h after dosing. In general, high flux filters appeared to be more effective for removing 
sugammadex from circulation, as the median reduction in sugammadex plasma 
concentrations after a 3-4 hour dialysis for the high flux filter (n=5) was 70.2% and for 
the low flux filter (n=5) was 29.8%. 
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Table: Summary of sugammadex pharmacokinetics following administration in 
patients with normal renal function and severe renal impairment. 

 
Table: Dialysis Parameters for Sugammadex in Severe Renally Impaired Subjects 
Receiving Hemodialysis (All-Subjects-Pharmacokinetically-Evaluable Group) 
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3.2.5 Synopsis of Clinical Study 19.4.112 

A randomized, open-label, parallel study to assess the potential for re-occurrence of 
neuromuscular blockade through displacement of rocuronium or vecuronium by 
diclofenac or flucloxacillin, administered 5 minutes after reversal of neuromuscular block 
by 2 mg/kg Org 25969 in anesthetized healthy volunteers. 
Objectives 
Primary: 
• To evaluate reoccurrence of neuromuscular blockade (TOF<0.8) through displacement 
of rocuronium or vecuronium after administration of diclofenac or flucloxacillin 
following successful reversal (TOF>0.9) of neuromuscular block by 2 mg/kg 
sugammadex in anesthetized healthy volunteers 
Secondary: 
• To evaluate plasma pharmacokinetics of rocuronium, vecuronium and sugammadex 
• To evaluate plasma pharmacokinetics of diclofenac or flucloxacillin in case of 
reoccurrence of 
neuromuscular block 
• To evaluate re-use of sugammadex in case of reoccurrence of neuromuscular block 
• To evaluate general safety and tolerability for the four treatment groups 
Methodology 
This trial was performed as a single center, randomized, open-label, parallel phase 1 trial 
during phase 3B study in 24 healthy anesthetized volunteers and consisted of a diclofenac 
displacement part (Part A) and a flucloxacillin displacement part (Part B). 
Number of subjects (total and for each treatment) 
24 subjects (12 men and 12 women) were enrolled, randomized and treated, 3 men and 3 
women in each of the 4 treatment groups: 
- Treatment A1: 0.6 mg/kg rocuronium, 2.0 mg/kg sugammadex, 75 mg diclofenac 
- Treatment A2: 0.1 mg/kg vecuronium, 2.0 mg/kg sugammadex, 75 mg diclofenac 
- Treatment B1: 0.6 mg/kg rocuronium, 2.0 mg/kg sugammadex, 2 g flucloxacillin 
- Treatment B2: 0.1 mg/kg vecuronium, 2.0 mg/kg sugammadex, 2 g flucloxacillin 
Duration of treatment 
Subjects were randomized to one of four treatment groups. All trial medication was 
administered intravenously. 
Subjects’ body weight assessed at admission was used for i.v. dosing volume of 
rocuronium, vecuronium and 
sugammadex. Rocuronium, vecuronium and sugammadex were administered as a bolus 
in 10 seconds into a fast 
running venous infusion in the forearm. 
Reference therapy, dose and mode of administration, batch No. 
Not applicable. 
Criteria for evaluation 
Pharmacokinetics: 
Based on the total plasma sugammadex, rocuronium and vecuronium concentrations 
pharmacokinetic parametersas Area-Under-the-Curve (AUC), terminal half-life (t1/2), 
clearance (CL) and weight-normalized clearance (wn-CL) were calculated. 
Safety: Clinical safety assessment included physical examination, vital signs (blood 
pressure, heart rate, respiratory rate and temperature), ECG oxygen saturation by pulse 
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oximetry (SpO2), documentation of (serious) adverse events and laboratory safety 
parameters (hematology, biochemistry and urinalysis) during the study. 
Special safety measurements (neuromuscular blocking): Neuromuscular functioning 
was monitored with acceleromyography (TOF Watch® SX) at the adductor pollicis 
muscle according to the ‘Schering-Plough NMT Monitoring Guidelines for Clinical 
Studies, Version 4.0’. 
 

Summary 

After initial successful reversal of rocuronium/vecuronium induced neuromuscular 
blocking (NMB) by sugammadex, rocuronium or vecuronium could theoretically be 
displaced from sugammadex by drugs commonly used in anesthesia and a reoccurrence 
of NMB might be observed, requiring immediate ventilation. In case reoccurrence of 
NMB in such situations would be unnoticed, this may result in life-threatening situations.  
Displacement of rocuronium or vecuronium by diclofenac or flucloxacillin after reversal 
of NM block by sugammadex: 

No reoccurrence of neuromuscular blocking was observed after administration of either 
of the diclofenac/flucloxacillin based on TOF Watch SX® monitoring during anesthesia 
(i.e. no decline in T4/T1 ratio <0.8 in at least three consecutive TOF values during 
approximately 90 minutes after administration of displacement drugs). Furthermore, there 
was no clinical evidence of residual blockade after anesthesia. 

Pharmacokinetics: 

Individual concentration-versus-time curves for Org 25969, rocuronium and vecuronium 
showed minor fluctuations in total (complex-bound plus free) concentrations during 
administration of the potential displacement drugs diclofenac and flucloxacillin, within 
the typical level of bioanalytical variation. 

In Part A, the mean exposure (AUC0-∞) to sugammadex was 30.9 μg*h/mL for the six 
subjects treated with rocuronium and 33.2 μg*h/mL for the six subjects treated with 
vecuronium in combination with an intravenous dose of 75 mg diclofenac (Part A).  

The (geometric) mean peak concentration of diclofenac in plasma (Part A) was 7830 
ng/mL for the subjects with NMBA rocuronium and 8547 ng/mL for the subjects with 
NMBA vecuronium at the end of a 15-minute infusion of 75 mg diclofenac (individual 
maximum value of 10500 ng/mL). 

The sponsor indicated that for the flucloxacillin groups (Part B) no sugammadex 
PK parameters could be calculated, as no plasma concentrations were available due 
to interference of flucloxacillin on the Org 25969 assay, which could not be resolved. 
The concentrations of flucloxacillin were unreliable as flucloxacillin appeared not to 
be stable in human plasma during storage. 
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3.2.6 Synopsis of Clinical Study 19.4.113 or P05861 

Title: An open-label study to assess the safety of re-use of 1.2 mg/kg rocuronium and 0.1 
mg/kg vecuronium after reversal of neuromuscular blockade by 4 mg/kg sugammadex in 
anesthetized healthy volunteers. 
Objectives 
This study consisted of two parts, a rocuronium re-use part (Part 1) and a vecuronium re-
use part (Part 2). The objectives were defined separately for Part 1 and Part 2. 
Part 1 
Primary: 
• To evaluate the onset of neuromuscular blockade at variable times of re-use of 1.2 
mg/kg rocuronium in healthy volunteers 
Secondary: 
• To evaluate the duration of action after re-use of 1.2 mg/kg rocuronium 
• To evaluate the relation between the pharmacokinetics, onset times and duration of 
action of neuromuscular blockade after re-use of 1.2 mg/kg rocuronium 
• To evaluate the safety and tolerability with respect to re-use of rocuronium 
Based on the on-line safety results, one additional secondary objective was added, 
introduced by Amendment 1: 
• To evaluate the onset times of neuromuscular blockade at 5 minutes of re-use of 1.2 
mg/kg rocuronium in healthy volunteers 
Part 2 
Primary: 
• To evaluate the onset of neuromuscular blockade at variable times of re-use of 0.1 
mg/kg vecuronium in healthy volunteers 
Secondary: 
• To evaluate the duration of action after re-use of 0.1 mg/kg vecuronium 
• To evaluate the relation between the pharmacokinetics, onset times and duration of 
action of neuromuscular blockade after re-use of 0.1 mg/kg vecuronium 
• To evaluate the safety and tolerability with respect to re-use of vecuronium 
Methodology 
This study was performed as a single center, open-label, parallel study in healthy 
anesthetized volunteers and consisted of two parts with variable times of re-use of 
rocuronium (Part 1) and variable times of re-use of vecuronium (Part 2) after reversal of 
sugammadex-induced reversal of neuromuscular blockade. Part 2 was initiated after Part 
1. 
Number of subjects (total and for each treatment) 
23 subjects (11 men and 12 women) were enrolled; 17 (9 men and 8 women) enrolled in 
Part 1 and 6 (4 men and 2 women) in Part 2. 
- Treatment A (Part 1): 0.6 mg/kg rocuronium, 4.0 mg/kg sugammadex, 1.2 mg/kg 
rocuronium 
- Treatment B (Part 2): 0.1 mg/kg vecuronium, 4.0 mg/kg sugammadex, 0.1 mg/kg 
vecuronium 
Criteria for evaluation 
Pharmacokinetics: 
Based on the sugammadex and rocuronium concentrations in plasma of Part 1, 
pharmacokinetic parameters as maximum concentration (Cmax), Area-Under-the-Curve 
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(AUC), terminal half-life (t1/2), Clearance (CL) and weight normalized Clearance (wn-
CL) were calculated, next to concentration-versus-time plots. For Part 2 only 
concentration-versus-time plots were made. 
Safety: Clinical safety assessment included physical examination, vital signs (blood 
pressure, heart rate, respiratory rate and temperature), ECG, oxygen saturation by pulse 
oximetry (SpO2), documentation of (serious) adverse events and laboratory safety 
parameters (hematology, biochemistry and urinalysis) during the study. 
Special safety measurements (neuromuscular blocking): Neuromuscular functioning 
was monitored with acceleromyography (TOF Watch® SX) at the adductor pollicis 
muscle according to the Schering-Plough ‘NMT Monitoring Guidelines for Clinical 
Studies. Schering-Plough provided guidance on the set-up of the TOF Watch® SX. The 
monitored arm was immobilized with an arm board. Following the induction of 
anesthesia the TOF Watch® SX was stabilized and calibrated. Repetitive Train of Four 
(TOF) stimulation was applied by the TOF Watch® SX every 15 seconds at the ulnar 
nerve until the end of anesthesia. Neuromuscular data were collected via a transducer 
affixed to the top of the thumb and transferred on-line via an interface to a computer by 
means of the TOF Watch® SX monitoring program. 
Evaluation of the neuromuscular data: 
After the treatment of each subject, the file containing the TOF Watch® SX data was sent 
as soon as possible to Schering-Plough for quality checks of the TOF Watch® SX 
registration and adherence to the protocol and guidelines. Deviations from the guidelines 
were communicated to the site for correction or explanation. 
Summary 
The current study was conducted to obtain information about re-use of rocuronium and 
vecuronium after sugammadex administration in a clinical setting. 
Overall, 16 of 17 subjects enrolled in Part 1 received [0.6 mg/kg rocuronium – 4 mg/kg 
sugammadex - 1.2 mg/kg rocuronium] and all six subjects enrolled in Part 2 received [0.1 
mg/kg vecuronium - 4 mg/kg sugammadex - 0.1 mg/kg vecuronium]. A total of 22 
subjects were included in the safety analysis. 
Neuromuscular monitoring: 
Neuromuscular analysis was performed for both the ASE group and the PP group. In the 
rocuronium re-use part of this study 16 of the 17 enrolled subjects were included in ASE 
and PP group. For vecuronium re-use, all six enrolled subjects were included in the ASE 
group and four of the six enrolled subjects were included in the PP group. 
A relationship between the NMBA re-use time point after sugammadex administration 
and neuromuscular onset times as well as the clinical duration was observed. 
Rocuronium: 
After re-use of rocuronium, subjects showed fast onset times of neuromuscular block 
already after the shortest reuse time at 5 minutes following sugammadex reversal. For the 
6 subjects with rocuronium re-use at 5 min, NMB onset time ranged from 1.92 to 4.72 
min (arithmetic mean: 3.06). For later re-use time points (30 min onwards) NMB onset 
times decreased, ranging between 1.23 and 1.43 min. Clinical duration of the NMB 
among the 6 subjects with rocuronium re-use time-point at 5 minutes, ranged from 17.8-
41.0 min (arithmetic mean 25.3 minutes) and was around 30 min and longer for subjects 
with rocuronium re-use time points from 22 minutes  
(N=7) onwards.  

Reference ID: 3362325



 

 54

 
Simulations showed that if re-use of 1.2 mg/kg rocuronium is initiated >25 minutes after 
4 mg/kg sugammadex reversal, NMB onset times are achieved which are with 95% 
confidence below 4 minutes. Moreover, if in this setting re-use of 1.2 mg/kg rocuronium 
is initiated <25 minutes after reversal of sugammadex, NMB onset times are with 95% 
confidence below 4.25 minutes. Furthermore, subgroup analysis, performed in the six 
subjects with rocuronium re-use time-point 5 minutes after sugammadex, revealed that 
complete neuromuscular block can be expected to be achieved within 4 minutes with 
95% confidence, which is about 1 minute above the geometric mean onset time of 2.94 
minutes observed in this study. 
The estimated geometric mean duration of NMB was 24.1 minutes and the lower limit of 
the 95% C.I. was 17.2 minutes for subjects receiving 1.2 mg/kg rocuronium 5 minutes 
after reversal with 4 mg/kg sugammadex.  
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Vecuronium: 
In Part 2, six subjects received the second dose of vecuronium with re-use time points 
between 2 hours and 5 hours after sugammadex administration. A complete 
neuromuscular block with onset times below 3 minutes was only observed for 
vecuronium re-use times from 3.5 hours onwards. No complete NMB occurred after 
vecuronium re-use at 2 hours and 2.5 hours after sugammadex administration. 
Therefore, it was decided not to proceed with earlier time-points of re-use of 
vecuronium. Onset times of neuromuscular block at re-use times ≥3.5 hours ranged from 
1.68 minutes (re-use at 3.5 h) to 3.15 minutes (re-use at 4 h) with NMB durations 
between 24.2 minutes (reuse at 4 h) and 31.4 minutes. 
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Pharmacokinetics: 
After intravenous administration of 4 mg/kg sugammadex at 1-2 PTC after 0.6 mg/kg 
rocuronium, the mean exposure (AUC0-∞) to sugammadex was comparable between the 
five subjects with re-use time 5 minutes (60.1 μg*h/mL) and all subjects, including those 
with re-use times up to 1 hour (61.7 μg*h/mL). This finding, supported by the individual 
data, indicates that the timing of rocuronium re-use after sugammadex reversal has 
limited influence on total sugammadex exposure. 
In subjects with re-use times of rocuronium varying between 7.5 and 60 min. after 
successful sugammadex reversal, some temporary flattening and/or a slight increase in 
(total) sugammadex concentration was observed just after re-use of rocuronium, followed 
by a further decrease. For the rocuronium concentrations the same flattening/increasing 
could be observed after administration of sugammadex, which can be explained by a 
distribution effect, and has also previously been reported in trials applying this 
combination. 
Also for Part 2 with re-use times of vecuronium varying between 2 and 5 hours after 
sugammadex, a slight increase in sugammadex concentration just after re-use of 
vecuronium and a temporary slowdown in decrease of sugammadex concentration could 
be observed. 

Conclusion: 

Rocuronium: Re-use of 1.2 mg/kg rocuronium initiated >25 minutes after 4 mg/kg 
sugammadex reversal resulted in NMB onset times <4 minutes. Moreover, when 
rocuronium re-use is initiated ≤ 25 minutes after sugammadex reversal, NMB onset times 
<4.25 minutes are achieved. In this setting, the average duration of NMB was 25.3 
minutes (range 18-41 min). 

Vecuronium: Following re-use of 0.1 mg/kg vecuronium, complete neuromuscular block 
with adequate onset times (<3 minutes) was only observed 3.5 hours after 4 mg/kg 
sugammadex reversal onwards with NMB durations between 24.2 and 31.4 minutes. 
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3.2.7 Synopsis of Clinical Study P05997 

Title of Study: An Open Label Single Dose Pharmacokinetic Study with Sugammadex in 
Chinese Healthy Volunteers. 
Objectives: The primary objective was to determine pharmacokinetics after single dose 
intravenous (iv) administration of 16 mg/kg of sugammadex (SCH 900616) in Chinese 
healthy male and female volunteers.  
The secondary objective was to evaluate of the safety of sugammadex in Chinese healthy 
male and female volunteers. 
Methodology: This study was an open label, single dose, single site study in Chinese 
healthy volunteers, conducted in conformance with Good Clinical Practices. Subjects 
were given an intravenous dose of 16 mg/kg sugammadex based on actual body weight as 
a 10 second bolus infusion in the forearm. Blood samples for PK evaluation were to be 
collected at pre-infusion (0 hour) and 2, 3, 5, 10, 15, 20, 30, 60 minutes, and 2, 4, 6, 8, 
12, 18, 24 hours post infusion. 
Number of Subjects: A total of 12 subjects was planned and enrolled in this study. All 
of the 12 subjects completed this study. 
Diagnosis and Criteria for Inclusion: Chinese healthy volunteers, age between 18 and 
45 with a Body Mass Index (BMI) between 18 and 30 kg/m2 were selected for this study. 
Criteria for Evaluation: 
 Pharmacokinetics (PK): Plasma concentrations of sugammadex were measured up 

to 24 hours after drug administration for calculation of PK parameters: Cmax, tmax, 
AUC, t½, V and CL. 

 Safety: Vital signs, clinical labs, ECGs and AEs. 
Results: 
Pharmacokinetics (PK): 
Geometric mean and CV (%) (for tmax: median, min-max) of the main sugammadex PK 
parameters are presented in the table below. 

 
 
 
There were no gender-related differences in the pharmacokinetics of sugammadex in 
Chinese subjects. 
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Safety: A total of 3 (25%) subjects reported at least one AE (i.e. in all cases mild 
dysgeusia) after administration of 16 mg/kg sugammadex. There were no deaths and no 
other serious and/or significant AEs were reported. In general, no clinically significant 
changes occurred in blood chemistry or hematological parameters, vital signs, or ECGs. 
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1 EXECUTIVE SUMMARY 
 
Sugammadex sodium (also known as Organon 25969) is a new molecular entity.  Structurally it 
is a modified γ-cyclodextrin which is designed to form a 1:1 inclusion complex with the 
neuromuscular blocking molecule, rocuronium and vecuronium.  Sequestration of the free 
neuromuscular blocker results in reversal of the neuromuscular blockade (NMB).   
 
The rationale for reversal of neuromuscular blockade is prevention of prolonged muscular 
weakness and its clinical consequences, including respiratory insufficiency and aspiration.  
Currently available reversal agents act through inhibition of acetyl cholinesterase.  Their dose-
response curve plateaus when the enzyme is fully inhibited, they are inactive when all receptors 
are blocked (no twitch following electrical stimulation of any type), and their half-life may be 
less than the neuromuscular blocking agent, leading to recurrence of neuromuscular blockade.  
There are clinically significant side effects attributable to the pharmacologic properties of the 
reversal agents as well as to the muscarinic receptor antagonists co-administered to counteract 
these side effects.  Sugammadex, with its novel mechanism, may be devoided of these side 
effects. 
 
The applicant, Organon, is seeking two indications: a) routine reversal of shallow or profound 
neuromuscular blockade induced by rocuronium or vecuronium, and b) immediate reversal of 
neuromuscular blockade at 3 minutes after administration of rocuronium. 
 
Sugammadex, if approved, will be the first in a new class of NMB reversing agent.  An AC 
meeting was held on March 11, 2008. 
 

1.1 Recommendations 
 
From a Clinical Pharmacology point of view, the application is acceptable provided that a 
mutually agreeable is reached between the Agency and the Sponsor regarding the labeling 
language in the package insert. 
 

1.2 Phase 4 Commitments 

The following post marketing requirements should be carried out by the Sponsor for better 
understanding of the use of this product in hemodialysis and hepatic impairment patients; 
1. Carry out additional study in hemodialysis patients to determine conclusively if sugammadex 

and rocuronium could be removed in vivo by high flux filter.  
2. Carry out a study in hepatic impairment patients assessing the PK and PD of rocuronium and 

vecuronium when Sugammadex is administered.  This will provide concrete data in terms of 
the delay in recovery of neruromuscular blockade induced by rocuronium or vecuronium by 
sugammadex in hepatic impairment subjects. 
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sugammadex.   The intrinsic factors, gender, weight, or race (Japanese vs. Caucasian), showed 
little effect on sugammadex PK.    
 
Renal Impairment: As expected, renal function affects sugammadex PK.  Increased exposure 
(AUC) and terminal half-life (about 16-fold) was observed in patients with severe renal 
impairment (CLcr < 30 min/mL including 9 patients who were on hemodialysis) vs. patients with 
normal renal function (CLcr ≥ 80 min/mL) receiving 2 mg/kg sugammadex following NMB 
induced by 0.6 mg/kg rocuronium (shallow blockade) (Study 19.4.304).  Sugammadex and 
rocuronium complex was not efficiently removed from plasma using low flux filter (5 subjects), 
consistent with the in vitro dialysis finding.  High flux filter showed a variable effectiveness for 
removing sugammadex and rocuronium (4 subjects) while in vitro dialysis study suggested that 
high flux filter could efficiently remove sugammadex and rocuronium.   
 
In the same study, it was found that renal impairment also affected PK of rocuronium (in the 
presence of sugammadex) but to a lesser extent.  AUC and terminal half-life increased about 3 to 
4-fold.  The data indicate that rocuronium, even in the presence of excess sugammadex, can still 
be cleared hepatically to a substantial degree. 
 
Efficacy evaluation based on a mean time from start of administration of sugammadex to 
recovery of the T4:T1 ratio to 0.9 suggested that efficacy is comparable between the two groups: 
2 minutes for the renally impaired subjects, and 1 min:39 sec for the control subjects. 
 
The Sponsor concluded that there were no appreciable differences in terms of safety between the 
two groups.  Per the discussion, this reviewer had with Dr. Art Simone (Clinical reviewer for 
safety assessment of Sugammadex), his Clinical review for safety will contain an in depth 
assessment of this issue. 
 
PK and safety of sugammadex was not studied in young adult patients with mild or moderate 
renal impairment patients.  Effect of mild or moderate renal impairment on sugammadex PK and 
PD was obtained from a study in elderly patients (Study 19.4.305).  The study suggested that 
renal impairment is the main covariate that affected sugammadex PK and there was no additional 
effect from age.   
 
Based on the fact that sugammadex is mainly eliminated unchanged in urine, a proportional 
relationship of PK with CLcr may be expected. Increase in AUC and half-life in mild or 
moderate renal impairment patients is expected as compared to patients with normal renal 
function.  The Sponsor proposes no dose adjustment for mild or moderate renal impairment 
patients and they strongly discourage usage of sugammadex in severe renal impairment patients.  
We recommend contraindication in patients with severe renal impairment for the immediate 
reversal indication if the dose of 16 mg/kg is approved because of lack of safety database to 
support a 16-fold increase in AUC (equivalent to a dose of 256 mg/kg in normal patients).   
 
PK and safety of sugammadex in hemodialysis patients need further investigation. 
 
PK of sugammadex has not been evaluated in patients with renal impairment whose NMB are 
induced by vecuronium.  Because vecuronium or rocuronium shows little effect on sugammadex 
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PK, the studies conducted with rocuronim-induced NMB (Study 19.4.304) may be extrapolable 
to vecuronium-induced NMB. 
 
Age: Increased exposure of sugammadex was observed with increased age which is attributed to 
decrease in renal function. There was no additional effect for sugammadex PK from age.  The 
mean time from administration of Org 25969 to recovery of the T4/T1 ratio to 0.9 was 2 min:16 
sec (adult group) and 2 min:56 sec (geriatric group, ≥ 65 years), respectively.  The recovery time 
in patients who are 75 years and older (3 min:36 sec) is slightly longer than other age groups 
even though exposure of sugammadex exposure was higher in elderly. 
 
Gender: The PK of sugammadex is similar in female and male subjects. 
 
Race: The PK of sugammadex is similar in Caucasian and Japanese subjects.  Numbers of other 
races including African American is too small for meaningful analysis. 
 
Hepatic Impairment: No study has been conducted in patients with hepatic impairment because 
sugammadex is mainly eliminated in the kidney.  However, hepatic impairment would affect PK 
of rocuronium.  The Sponsor applied the population PK/PD interaction model with rocuronium 
to simulate the reversal of rocuronium-induced neuromuscular blockade (NMB) by sugammadex 
in hepatic impairment patients.  A prolongation of recovery time in hepatic impaired patients was 
predicted.  Refer to PM review (Appendix 4.3) for details. 
 
Drug-Drug Interactions  
In vitro metabolism or transport study for sugammadex has not been conducted.  Drug 
interactions via CYP inhibition or induction are not anticipated.  Sugammadex is not likely to be 
metabolized by CYP enzymes and susceptible to drug interaction with CYP inhibitors or 
inducers because of large molecular size and 3-dimentional structure of sugammadex, limited 
metabolism observed in vivo, and limited liver distribution as suggested by the animal studies.  
Sugammadex is also not likely to affect other drugs’ metabolism as an inhibitor or inducer 
because of limited liver distribution and single-use nature. 
 
However, transport-based drug-drug interaction cannot be ruled out.  Sugammadex may affect 
other drugs’ transport in the kidney.  Transport-based drug-drug interactions were not studied.   
 
Drug interaction of sugammadex and rocuronium/vecuronium was evaluated based on PK 
assessments from various studies.  Because of encapsulation nature of cyclodextrin, 
sugammadex may “trap” drugs other than rocuronium or vecuronium that have high affinity to 
sugammadex. The Sponsor evaluated potential drug-drug interactions based on complexation 
with sugammadex using a strategy that comprises of in-vitro assessments, preclinical assessment, 
and PK/PD modeling.   
 
Effects of Other Drugs on Sugammadex 
 
Rocuronium and Vecuronium: The presence of rocuronium or vecuronium showed little effect 
on PK of sugammadex.   
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Other Drugs: The displacement interaction potential caused by the presence of a third drug 
either before or after sugammadex administration was evaluated using a PK/PD model.  Three 
major kinds of drugs were evaluated by the model: drugs commonly used in anesthesia; drugs 
that are most frequently prescribed; and steroidal molecules.  The brief description of the model 
is described in the modeling section.  Toremifene, flucloxacillin and fusidic acid were identified 
to carry a risk of displacement interaction with sugammadex.  Only toremifene is currently 
marketed in the U.S.  The label will need to include cautionary languages for drugs with steroidal 
structures. Refer to PM review (Appendix 4.3) for details. 
 
Effects of Sugammadex on Other Drugs  
 
Rocuronium and Vecuronium: Sugammadex affects PK of rocuronium and vecuronium as 
indicated by increased plasma concentrations, decreased elimination half-life, and decreased total 
clearance. With increased doses of sugammadex, increased amount of rocuronium was recovered 
in urine.  In vitro assay also suggest that sugammadex decreases plasma protein binding of 
rocuronium or vecuronium. 
 
Other Drugs: The capturing interaction potential caused by complexation between a third drug 
and sugammadex and thus reduces the clinical effect of the third drug was evaluated using the 
PK/PD model.  A clinically relevant interaction cannot be ruled out for hormonal contraceptives. 
 
QTc Prolongation Potential (QT-IRT) 
Results from a thorough QT study, Study 19.4.109, showed that although there was a 
concentration-dependent increase in QTcI, the mean increase in QTcI for the supratherapeutic 
dose (32 mg/kg) was below 10 msec, the regulatory threshold for concern. This dose gives 2-fold 
higher peak concentrations than the dose recommended for immediate reversal, 16 mg/kg, and 8- 
and 16-fold higher peak concentrations of the doses recommended for routine reversal.  Refer to 
QT-IRT consult review for details. 
 
Pharmacodynamics 
The reversal of rocuronium- or vecuronium-induced NMB by sugammadex is based on its 
capability to form an inclusion complex with rocuronium or vecuronium.  Upon complexation, 
the amount of rocuronium or vecuronium available to bind to receptors in the neuromuscular 
junction is reduced, resulting in reversal of the blockade.  Time to recovery of T4:T1 to 0.9 was 
used as the pharmacodynamic endpoint.  
 
Exposure-Response/ Dose Selection  
Several Phase 2 studies were conducted for dose selection for the Phase 3 studies.  A clear dose-
response relationship was observed in all the studies.  The doses slected by the Sponsor 
corresponding with reversal of various depth of NMB seem acceptable. 
 
PK/PD Modeling/Simulation  
A mechanism-based population PK/PD model was used to determine prognostic factors such as 
body weight, age, renal function, etc that may affect the clinical response and simulate 
conditions that were not studied clinically.  For example, the reversal of rocuronium-induced 
NMB by sugammadex in subjects with hepatic impairment; onset time following re-
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administration of rocuronium shortly after the reversal of a previous NMB by sugammadex; and 
potential displacement drug interactions with a third drug.  Refer to PM review (Appendix 4.3) 
for details. 
 
We in general agree with the modeling and simulation approach to understand PK and PD of 
sugammadex and rocuronium or vecuronium under the above-mentioned various scenarios.   
 
A Clinical Pharmacology briefing (Requried Office-Level) was held on May 30, 2008. 
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2 QUESTION BASED REVIEW 
 
(Reviewer’s Note:  Sugammadex and Org 25969 are used inter-changeably in the review. 

™ is the proposed tradename. BRIDION is an earlier proposed tradename.) 

2.1 General Attributes 

2.1.1 What are the highlights of the chemistry and physico-chemical properties of the drug 
substance, and the formulation of the drug product? 

Sugammadex is a modified γ-cyclodextrin (Table 2.1.1.1).   drug product contains both 
sugammadex and the related γ-cyclodextrin compound Org 48302 (Table 2.1.1.2) that is present 
at concentrations up to 7% in the drug substance.  is supplied as 100 mg/mL ready-to-
use solution for injection and there are 2 vial sizes, 2 mL and 5 mL. The composition of the 
formulation is listed in Section 2.5.1.   
 
Table 2.1.1.1.  Physico-Chemical Properties of Sugammadex. 
Drug Name Sugammadex 
Chemical Name 6A,6B,6C,6D,6E,6F,6G,6H –octakis- S-(2-carboxyethyl) - 

6A,6B,6C,6D,6E,6F,6G,6H – octathio-γ-cyclodextrin octasodium salt 
 
 
Structure and 
Molecular Formula 

 
C72H104O48S8Na8   

Molecular Weight 2178.01 
LogP Very low 
Appearance White to off-white powder to grainy powder 
Melting Range Has no melting point/range. It decomposes at approximately 220°C. 
Solubility Water (mg/mL)  ≥ 500 

Phosphate buffer pH 7.4 (mg/mL) ≥ 500 
Ethanol (mg/mL)  0.65  
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2.1.3 What are the proposed dosage recommendations by the Sponsor and route of 
administration for the proposed indication? 

Routine Reversal: 
• A dose of 2.0 mg/kg ™ is only recommended if spontaneous recovery has reached 

the reappearance of T2 (shallow blockade) following rocuronium or vecuronium induced 
blockade. 

• A dose of 4.0 mg/kg ™ is recommended if recovery has reached 1-2 post tetanic 
counts (PTC) (profound blockade) following administration of rocuronium or vecuronium 
induced blockade. 

 
Immediate Reversal: 
If there is a clinical need for immediate reversal at 3 minutes following administration of 
rocuronium, a dose of 16.0 mg/kg ™ is recommended. 
 

™ is administered as a single bolus injection.  The injection should be administered as 
a single dose within 10 seconds. 
 

2.2 General Clinical Pharmacology 

2.2.1 What are the clinical pharmacology and clinical studies used to support dosing or 
 claims? 
The sugammadex clinical development program consisted of 30 clinical trials (Figure 2.2.1.1), 
including 7 Phase 1 studies, 12 Phase 2 studies and 11 Phase 3 studies.  It should be noted that 
three studies (Studies 201, 204 and 306) were terminated prematurely for logistical reasons.  
During the review cycle, study report for one additional Phase 1 study (Study 110) was 
submitted.  This study is mainly to study the hypersensivity reaction in healthy subjects. 
 
The total study enrollment was 2128 subjects, of whom 1187 received a dose of sugammadex.  
Most of these studies were conducted to support the doses of  selected for the 
Sponsor’s pivotal studies or to study special populations such as the elderly (Study 305), patients 
with cardiac (Study 309) or pulmonary disorders (Study 308), or subjects with impaired renal 
function (Study 304).   
 
The alignment of “pivotal” Phase 3 studies with regard to the two proposed indications is as 
follows:   
• The routine reversal of “shallow” (Study 301; dose: 2 mg/mL) or “profound” (Study 302; 

dose: 4 mg/mL) neuromuscular blockade induced by rocuronium or vecuronium.  
• The immediate reversal of neuromuscular blockade at 3 minutes after administration of 

rocuronium (Study 303; dose: 16 mg/mL). 
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Figure 2.2.1.1.  Clinical Studies. 
 

2.2.2 What are the study design and clinical endpoints used to assess efficacy in the pivotal 
clinical efficacy study?  What is the clinical outcome in terms of safety and efficacy? 

Efficacy: 
 
Clinical Endpoints: 
The depth of neuromuscular blockade and the effect of the reversal agent were monitored via a 
TOF-Watch SX® accelerometer, a train-of-four (TOF) twitch monitor device, which provides an 
electrical stimulus to the ulnar nerve while measuring contraction of the adductor pollicis 
muscle.   
 
TOF stimulation consists of four supramaximal stimuli delivered to the ulnar nerve (frequency of 
2 Hz), which provoke four contractions (twitches) of the thumb. Typically the subsequent muscle 
contractions after a series of nerve stimulations diminish after administration of a non-
depolarizing muscle relaxant like rocuronium or vecuronium (‘fading’), which is caused by a 
lack of readily releasable acetylcholine in response to a higher rate of stimulation in the presence 
of the NMBA; the response of a muscle to electrical stimulation reaches maximum fading after 
four twitches. Counting the number of twitches in response to TOF stimulation (TOF count) or 
by comparing the height of the fourth twitch with the height of the first twitch (TOF ratio, T4:T1 
ratio) are accepted methods of assessing the efficacy of NMBAs and reversal agents. A T4:T1 
ratio of < 0.9 indicates impaired pharyngeal function with the risk of aspiration in the case of 
regurgitation.  Recovery to a T4:T1 ratio of 0.9 or above has been shown to correlate well with 
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were Phase 2 dose finding clinical studies (Studies 201-207), four were prospective bridging 
trials in Japanese and Caucasian subjects (Studies 208A, 208B, 209A and 209B) and one was a 
Phase 3 trial in pediatric and adult subjects (Study 306).  The following situations were studied: 

• Routine reversal − Reversal at reappearance of T2, representing a shallow blockade; 
• Routine reversal − Reversal at 1-2 PTC or reversal at 15 minutes, representing a profound 

blockade; 
• Reversal 3 minutes or 5 minutes after rocuronium, representing an immediate reversal 

situation. 
 
Table 2.2.4.1.  Overview of the time points of administration of Org 25969, doses of 
rocuronium and vecuronium, and doses of Org 25969 used in the dose-response studies. 

 
A clear dose-response relationship was observed in all the studies (Figure 2.2.4.1).  
 

  
Figure 2.2.4.1.  Dose-Response of sugammadex in Phase 1, 2, and 3 Studies. 
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Routine reversal (shallow)—Reversal at reappearance of T2 after rocuronium or vecuronium: 
Rocuronium: 
Data from six clinical studies (doses of 0 to 6 mg/kg) were pooled for analysis to support the 
dose selection of Org 25969 for reversal at reappearance of T2 of rocuronium-induced NMB 
(shallow). Table 2.2.4.2 presents a summary of the primary variable of efficacy by dose group, 
within and across studies.   
 
The mean recovery time decreased from 60 min at spontaneous recovery (after placebo) to 1.6 
min after a dose of 2.0 mg/kg Org 25969. Doubling the dose from 2.0 to 4.0 mg/kg resulted in a 
small further reduction of only 0.2 min in the overall mean recovery time, from 1.6 to 1.4 min. A 
dose of 2 mg/kg was selected to be studied in Phase 3 studies.  The shortest recovery time 
observed in individual subjects at Org 25969 dose levels of 2 mg/kg and higher was 0.7 min and 
longest recovery time was 4.8 min. 
 
Table 2.2.4.2.  Org 25969 administered at reappearance of T2 following rocuronium 
administration: summary of the time to recovery of T4:T1 to 0.9 (min) by dose, within and 
across studies. 

Dose of Org 25969 (mg/kg)  
Trial  

 
Placebo  0.5 1.0  2.0  3.0  4.0  6.0  

 
201  

n  
Mean (SD) 
Median  

4  
23.1 (8.8) 

21.0  

5  
5.0 (2.8) 

4.3  

4  
3.2 (1.7) 

3.3  

3  
1.3 (0.4) 

1.3  

5  
1.5 (1.0) 

1.2  

3  
1.2 (0.2) 

1.1  

0 

 Min. −max.  15.0 − 35.4  1.3 − 8.5  1.4 − 4.9  0.9 −1.7  0.7 −3.2  1.0 − 1.4   
203  n  0  4  4  6  0 6  4  

 Mean (SD) 
Median  

 6.8 (3.1) 
5.5  

2.7 (1.0) 
2.7  

1.8 (0.6) 
1.8  

 1.4 (0.6) 
1.1  

2.6 (1.3) 
2.7  

 Min. −max.   4.8 −11.4  1.8 − 3.7  1.0 −2.5   1.0 − 2.3  1.1 − 3.9  
207  n  2  8  7  8  3  8  0  

 Mean (SD) 
Median 
Min. −max.  

31.8 (21.0) 
31.8  

17.0 − 46.7  

3.7 (1.0) 
3.7  

2.1 −4.9  

2.3 (0.6) 
2.2  

1.5 − 3.4  

1.7 (0.6) 
1.7 

0.9 − 2.8 

1.9 (1.2) 
1.5  

1.0 − 3.2  

1.1 (0.3) 
1.1 

0.7 − 1.6  

 

208A  n  6  5  10  7   9  0  
 Mean (SD) 

Median 
Min. −max.  

82.1 (27.6) 
86.0  

47.3 –108.5  

3.9 (2.5) 
3.2 

 1.9 - 8.3  

2.5 (1.3) 
2.3  

1.3 - 5.6  

2.2 (1.2) 
1.6  

1.4 - 4.8  

 1.8 (1.2) 
1.6  

0.8 - 4.8  

 

208B  n  7  8  8  9  0  8  0  
 Mean (SD) 

Median  
96.3 (33.1) 

86.2  
16.3 (20.6) 

5.2  
4.6 (6.0) 

2.6  
1.4 (0.5) 

1.5  
 1.5 (0.4) 

1.3  
 

 Min. −max.  55.7 – 
153.0  1.3 - 55.5  1.5 - 19.3  0.7 - 2.4   1.2 - 2.2   

306a  n  6  5  5  5  0  5  0  
 Mean (SD) 

Median  
29.5 (8.4) 

28.5  
3.8 (1.1) 

4.2  
1.6 (0.3) 

1.7  
1.3 (0.3) 

1.2  
 1.4 (0.4) 

1.4  
 

 Min. −max.  19.6 − 44.0  2.3 − 4.8  1.2 − 2.0  0.9 − 1.6  1.0 − 2.0   
Total  n  

Mean (SD) 
Median  

25  
60.0 (38.8) 

47.3  

35  
7.2 (10.8) 

4.2  

38  
2.9 (2.9) 

2.2  

38  
1.6 (0.7) 

1.5  

8  
1.6 (1.0) 

1.3  

39  
1.4 (0.7) 

1.2  

4  
2.6 (1.3) 

2.7  
 Min.−max.  15.0 –153.0  1.3 - 55.5  1.2 - 19.3  0.7 - 4.8  0.7 - 3.2  0.7 - 4.8  1.1 - 3.9  

a Only data from the adult subjects of this trial were included in the summary. 
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Vecuronium: 
Data from three clinical studies were pooled for analysis to support the dose selection of Org 
25969 for reversal at reappearance of T2 of vecuronium-induced NMB. Table 2.2.4.3 presents a 
summary of the primary variable of efficacy by dose group, within and across studies.   
 
On average, the recovery time decreased from approximately 74 min at spontaneous recovery 
(after placebo) to within 3 min after a dose of 2.0 mg/kg or higher.  The mean recovery time after 
administration of 2.0 mg/kg Org 25969 at reappearance of T2 following vecuronium (2.8 min) 
was longer than the mean recovery time after administration of the same dose of Org 25969 at 
reappearance of T2 following rocuronium (1.6 min).  Taking into account the advantage in 
clinical practice of having one dosing instruction for routine reversal at reappearance of T2 after 
use of both rocuronium and vecuronium, the Sponsor selected the same dose (2 mg/kg) as 
reversal of rocuronium-induced NMB for Phase 3 investigation of reversal of vecuronium-
induced NMB at reappearance of T2.  The shortest recovery time observed in individual subjects 
at Org 25969 dose levels of 2 mg/kg and higher was 0.8 min and longest recovery time was 8.5 
min. 
 
Table 2.2.4.3.  Org 25969 administered at reappearance of T2 following vecuronium 
administration: summary of the time to recovery of T4:T1 to 0.9 (min) by dose group, 
within and across studies. 

 
 
 
Routine reversaln (profound) − Reversal at 1−2 PTC and reversal at 15 minutes after 
rocuronium or vecuronium: 
Rocuronium: 
Data from four clinical studies (doses of 0 to 8 mg/kg) were pooled for analysis to support the 
dose selection of Org 25969 for reversal of profound blockade induced by rocuronium. One of 
these studies evaluated recovery at 15 minutes following administration of an intubating dose of 
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0.6 mg/kg rocuronium (Study 202). The other three trials studied recovery from a blockade at 
1−2 PTC (Studies 204, 209A and 209B). The Sponsor stated that the depth of blockade 15 
minutes after 0.6 mg/kg of rocuronium corresponds well with a blockade at 1−2 PTC responses 
(the time to a first response to PTC was found to be 12 minutes). Therefore, the Sponsor 
considered it is justified to pool recovery data of reversal at 1−2 PTC and 15 minutes after 
rocuronium for the selection of the Org 25969 dose for Phase 3 investigation of reversal at 
profound blockade.  Table 2.2.4.4 presents a summary of the primary variable of efficacy by 
dose group, within and across studies.  
 
The mean recovery times decreased from approximately 36 min after placebo and 66 min after 
0.5 mg/kg to 1.8 min after a dose of 4.0 mg/kg Org 25969. Doubling the dose from 4.0 to 8.0 
mg./kg resulted in a small further reduction of 0.5 min in the overall mean recovery time from 
1.8 to 1.3 min. A dose of 4 mg/kg was selected to be studied Phase 3 trials.  The shortest 
recovery time observed in individual subjects at Org 25969 dose levels of 4 mg/kg and higher 
was 0.6 min and longest recovery time was 5.9 min. 
 
Table 2.2.4.4. Org 25969 administered at 1−2 PTC after rocuronium administration or 15 
min after 0.6 mg/kg rocuronium: summary of the time to recovery of T4:T1 to 0.9 (min) by 
dose, within and across studies. 

Dose of Org 25969 (mg/kg)  
Trial  

 
Placebo 0.5 1.0  2.0  4.0  6.0  8.0  

202  n  
Mean (SD) 
Median 
Min.−max.  

3  
35.6 (9.0)  

30.6  
30.1 − 46.0  

0  6  
6.5 (1.7)  

6.2  
4.8 − 9.0  

6  
2.7 (0.7)  

2.5  
2.1 − 4.0 

6  
2.0 (1.2)  

1.5  
1.1 − 4.2  

6  
2.1 (2.0) 

1.1 
1.0 − 5.9  

6  
1.3 (0.2) 1.3  

1.1 − 1.7  

204  n  
Mean (SD) 
Median 
Min.−max.  

0  4  
38.3(30.6) 

24.2  
20.6 −84.1  

5  
14.5(13.6) 

5.1  
4.5 − 33.2 

8  
5.0 (4.3) 

4.1  
1.8 −15.2 

4  
2.6 (1.3) 

2.3  
1.5 − 4.5  

0  8  
1.3 (0.5)  

1.0  
0.8 − 2.1  

209A  n Mean 
(SD) 
Median 
Min.−max.  

0  6  
66.9(34.6) 

62.7  
15.5–114.2 

7 
 4.7 (1.7) 

4.7 
1.6 - 7.5  

10  
3.4 (2.5) 

2.9  
1.4 - 9.3  

11  
1.6 (0.9) 

1.2 
 0.8 - 4.0  

0  10  
1.3 (0.6)  

1.2  
0.6 - 2.4  

209B  n  
Mean (SD) 
Median 
Min.−max.  

0  8  
79.8 (33.0) 

87.5  
24.4–131.7 

9  
28.0(43.7) 

7.4  
3.6 –117.1 

10  
3.2 (1.5) 

3.2  
1.1 - 6.6  

10  
1.6 (0.7) 

1.5  
0.8 - 2.9  

0  10  
1.1 (0.3)  

1.1  
0.8 - 2.0  

Total  n  
Mean (SD) 
Median 
Min.−max.  

3  
35.6 (9.0) 

30.6  
30.1 - 46.0  

18  
66.3 (35.2) 

65.4  
15.5–131.7 

27  
14.7(26.9) 

 5.5  
1.6 –117.1 

34  
3.6 (2.6) 

3.0  
1.1 - 15.2 

31  
1.8 (1.0) 

1.6  
0.8 - 4.5  

6  
2.1 (2.0) 

1.1  
1.0 - 5.9  

34  
1.3 (0.4)  

1.2  
0.6 - 2.4  

 
Vecuronium: 
Data from Clinical Studies 209A and 209B were used to support the dose selection of Org 25969 
for reversal of profound blockade induced by vecuronium (Table 2.2.4.5). 
 
The mean recovery time decreased from 73 min at the lowest dose level to 2.3 min at the highest 
dose level studied (8 mg/kg). Based on mean and median recovery times, Org 25969 doses of 4.0 
and 8.0 mg/kg can be considered effective doses for reversal of profound blockade induced by 
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vecuronium.  A dose of 4.0 mg/kg was selected for Phase 3 studies, taking into account the 
advantage of eventually having a single dose recommendation in the indication of reversal of 
profound blockade after use of both rocuronium as well as vecuronium.  The shortest recovery 
time observed in individual subjects at Org 25969 dose levels of 4 mg/kg and higher was 0.7 min 
and longest recovery time was 13.5 min. 
 
Table 2.2.4.5.  Org 25969 administered at 1−2 PTC following vecuronium administration: 
summary of the time to recovery of T4:T1 to 0.9 (min) by dose, within and across studies. 

 
 
 
Immediate reversal − Reversal at 3 and 5 minutes after rocuronium: 
Recovery at early time-points of 3 and 5 minutes following administration of a dose of 1.2 mg/kg 
rocuronium was studied in two clinical studies: Study 205 (5 minutes) and Study 206 (3 
minutes). Data from these studies were pooled for analysis to determine the appropriate dose of 
Org 25969 in immediate reversal situations. Table 2.2.4.6 presents a summary of the primary 
variable of efficacy, within and across studies. 
 
Org 25969 doses of 12.0 and 16.0 mg/kg induced a fast reversal of NMB at three or five minutes 
after 1.2 mg/kg rocuronium, with mean recovery times of 1.8 and 1.6 min, respectively. 
Although the difference between these two dose levels is small, the situation of immediate 
reversal requires optimal efficacy. For this reason a dose of 16.0 mg/kg Org 25969 was selected 
for Phase 3 investigation of immediate reversal after rocuronium. Reversal at the time-point of 3 
minutes was considered a more relevant time-point than 5 minutes, to reflect a clinical situation 
of immediate reversal. Therefore reversal at the time-point of 5 minutes after rocuronium has not 
been studied any further in Phase 3 studies.  The shortest recovery time observed in individual 
subjects at Org 25969 dose levels of 16 mg/kg was 0.7 min and longest recovery time was 6.9 
min.  As of note, doses higher than 16 mg/kg have not been studied. 
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2.2.6 What are the PK characteristics of sugammadex? 

2.2.6.1 What are single dose PK parameters of sugammadex? 
In five Phase 1 studies the PK profile of sugammadex was investigated when sugammadex was 
administered alone, in healthy volunteers who did not receive anesthesia (Studies 101, 102, 105, 
106, and 107). Table 2.2.6.1.1 presents the main PK parameters determined in these studies. A 
summary of urinary excretion of sugammadex is presented in Table 2.2.6.1.2. 
 
The mean CL of sugammadex ranges from 97 to 138 mL/min (Table 2.2.6.1.1), similar to those 
of glomerular filtration rate in healthy humans.  On average, 65 to 97 percent of the administered 
dose was recovered in urine as sugammadex, as determined using an HPLC-MS assay (Table 
2.2.6.1.2) indicating sugammadex is mainly eliminated via kidney.   
 
Mean Cmax of sugammadex at the highest proposed dose of 16 mg/kg is ~ 200 mcg/mL (90 
µM). 
Table 2.2.6.1.1.  Summary of PK parameters of sugammadex in healthy subjects who were 
not anesthetized. 
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Table 2.2.6.1.2.  Summary of urinary excretion of Org 25969 in healthy subjects who were 
not anesthetized. 

 

2.2.6.2 How does the PK of sugammadex in healthy subjects compare to that in patients under 
anesthesia and following rocuronium administration? 
Clearance of sugammadex appears to be slightly lower for subjects under anesthesia and 
following rocuronium adiminstration (Table 2.2.6.2.1) compared to subjects not under anesthesia 
(Table 2.2.6.1.1).   
 
Table 2.2.6.2.1. Summary of PK parameters of Org 25969 in anesthetized subjects. 
Trial No.  
Trial particulars  

Subjects  
N, Gender: M/F 
Age: mean 
[range]  
yr  

Org 25969 
dose  

CL  
[mL/min]  

wn-CL  
[mL/min/kg] 

Vss  
[L]  

wn-Vss  
[mL/kg]  

t1/2,β  
[min]  

1.0 mg/kg 
(n=2)  

74.7 (19.7) 0.976 (19.7)  10.7 (15.5)  139 (15.5)  118 (2.22)  

2.0 mg/kg 
(n=2)  

94.5 (11.8) 1.19 (3.14)  13.1 (8.29)  166 (0.371)  111 (6.45)  

4.0 mg/kg 
(n=2)  

84.8 (14.3) 1.14 (22.8)  11.7 (6.14)  156 (14.5)  119 (16.1)  

Study 101  
 
First-in-Man  
Part 2:  
Org 25969 at  
3 min after 0.6  
mg/kg 
rocuronium 

Healthy 
volunteers  
10 M (treated)  
32.4 [21 – 38]  

8.0 mg/kg 
(n=2) † 

118 (2.16)  1.56 (0.850)  13.4 (2.11) 
‡ 

178 (0.799)  112 (7.04)  

19.4.304  
Comparison  
impaired vs  
normal renal  
function  
Org 25969 at  
reapp. T2 after  
0.6 mg/kg roc.  

Control patients  
ASA Class 1-2  
CLCR ≥80 
mL/min  
6 M/9 F 
(treated)  
54 [32 − 70]  

2.0 mg/kg  
(n=13) 

95.2 (22.1) 1.16 (34.8)  13.8 (20.5)  168 (22.0)  139 (44.4)  
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Presented statistics for the PK parameters are geometric mean (geometric coefficient of variation). † data from 2 
subjects who received 0.1 and 0.5 mg/kg are not presented. ‡ For clinical trial 19.4.101 Vss was calculated from the 
reported MRT and CL (Vss = MRT * CL). 
 
Table 2.2.6.3.1 showed that % of dose recovered in urine is similar to what obtained in subjects 
without rocuronium (Table 2.2.6.1.2) 
 
Table 2.2.6.3.1.  Summary of urinary excretion of Org 25969 in patients of ASA Class 1−2. 

 
 

2.2.6.4 What are the characteristics of drug absorption? 
Not applicable.  Sugammadex is intended for IV. 

2.2.6.5 What are the characteristics of drug distribution?  
Across studies and across dose groups (1.0 to 96.0 mg/kg), Vss of sugammadex was 
approximately 12 to 15 L (Table 2.2.6.1.1), indicating that sugammadex distributes into the 
extra-cellular water of the body. 
 
In vitro binding studies (equilibrium dialysis) showed that sugammadex (0.3 to 125 µM) does 
not bind to human plasma proteins or to erythrocytes. The concentration range studied is likely to 
cover the therapeutic range as the mean Cmax at 16 mg/kg is 90 µM. 
 
In the same study, the binding of rocuronium in the presence and absence of sugammadex was 
studied.  In the absence of sugammadex, approximately 37% of rocuronium bounds to plasma 
proteins. The extent of protein binding declines when sugammadex was added, and none is 
bound to plasma proteins at equimolar concentrations of the two drugs (Table 2.2.6.5.1). 
Rocuronium does not bind to erythrocytes, alone or in combination with sugammadex. 
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Table 2.2.6.5.1. In vitro binding of [3H]-Org 9426 (rocuronium) combined with Org 25969 
(sugammadex) to male human plasma proteins. 

 

2.2.6.6 Dose the mass balance study suggest renal or hepatic as the major route of 
elimination? 
The mass balance study suggests that the elimination of sugammadex is mainly through renal 
excretion.  The metabolism of sugammadex is minimal (~5%).  The results from the consequent 
metabolic profiling (Study 050351) indicated higher percentage for metabolites (~30%) which 
may be confounded by the ex vivo conversion in plasma or urine (the samples were stored 
between 6 months to 1 year before analysis).  The study did, however, confirm that the presence 
of Org 48302 is not a metabolite of Org 25969. 
 
Results from a 14C-ADME study (Study 107) in 6 healthy Caucasian male subjects receiving 4 
mg/kg sugammadex demonstrated that on average 96% of the radioactive dose was recovered in 
urine and <0.02% in either feces or expired air.  Org 48302 was present at ~6% of the dose and 
was monitored as well.  The mean cumulative recovery of radioactivity in urine was >90% at 24 
hours post-dose.  The recovery of the administered dose in urine was very similar for 14C, 
sugammadex (Org 25969) and Org 48302 (Table 2.2.6.6.1).  Based on these data, 95 % of the 
radioactivity in urine can be attributed to Org 25969 and Org 48302 and at most 5% could be 
present as metabolites. 
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Table 2.2.6.6.1. Summary of urinary excretion of radioactivity, Org 25969 and Org 48302. 

Percentage of the dose recovered in urine (fe)   

 
Total 

Radioactivity 
Org 25969 Org 48302 

Subject 1 85.0 90.1 101 
Subject 2 101 85.3 81.8 
Subject 3 84.8 89.8 101 
Subject 4 96.5 93.4 90.7 
Subject 5 106 94.3 110 
Subject 6 103 93.9 101 
Mean ± SD 96.1 ± 9.2 91.1 ± 3.5 97.6 ± 9.9 
 

2.2.6.7 What are the characteristics of drug metabolism? 
In vitro metabolism has not been conducted.  In vivo 14C-ADME studies indicated that 
sugammadex is minimally metabolized (<5%).  The similarity of the plasma and urinary PK of 
14C and Org 25969 is reflected in the PK parameters of these compounds (Table 2.2.6.7.1). A 
comparison of the AUC0-∞ of 14C and Org 25969 shows that, on average 99.9 % of the 
radioactivity in plasma can be attributed to Org 25969 (Figure 2.2.6.7.1). 
 
Table 2.2.6.7.1.  Summary of the PK parameters of radioactivity, Org 25969 and Org 
48302. 

14C  Org 25969  Org 48302  Parameter (unit)  

Mean*  CV* 
(%)  Mean* CV* 

(%)  Mean*  CV* 
(%)  

Cmax (µg/mL)  33.0  22  32.2  19  1.97  14  

Tmax (min)  4  2 - 5  5  2 - 10  5  3 - 10  

t1/2 (min)  190  20  152  31  89  29  
AUC0-tlast 
(µg*min/mL)  2618  25  2586  23  125  26  

AUC0-∞ (µg*min/mL)  2632  25  2629  23  159  26  

CL (mL/min)  96.8  25  96.9  24  102  25  

Vss (mL)  15360  19  14027  19  12189  12  

t1/2,effective (min)  110  16  100  19  82.5  26  

CLR (mL/min)  92.7  29  88.3  25  99.6  26  
* Mean = geometric mean (median for tmax) and CV (%) = geometric CV (%) (min-max for tmax)  
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Table 2.2.6.9.1.  PK parameters for Org 25969 in plasma (Study 102). 

 

2.2.6.10 What is the inter- and intra-subject variability of PK parameters, and what are the 
major cause of variability? 
The variability in sugammadex PK is low.  In terms of AUC, within-subject variation was 7.6-
11.5% and between-subject variation was 13.4-16.8%. 
 

2.2.7  What are the PD characteristics of sugammadex? 
The reversal of rocuronium- or vecuronium-induced NMB by sugammadex is based on its 
capability to form an inclusion complex with the NMB agents (NMBA). Upon complexation, the 
amount of NMBA available to bind to receptors in the neuromuscular junction is reduced, 
resulting in the reversal of the blockade.  The PD effect of the reversal agent was monitored via a 
TOF-Watch SX® accelerometer, a train-of-four (TOF) twitch monitor device. 
 
This mechanism of action of encapsulation could also be illustrated by PK data of rocuronium or 
vecuronium. Assuming 1:1 complex, the molar dose ration between sugammadex and 
rocuronium or vecuronium may indicate whether excess sugammadex may be present.  
Molecular weight for sugammadex is 2178 and for rocuronium is 609.7.  Therefore a dose ratio 
of 2.6 (sugammadex to rocuronium) in mg is the equal molar dose.  For example, 2.2 mg/kg of 
sugammadex is at equal molar dose of 0.6 mg/kg rocuronium. 
 
PK data suggested that sugammadex affected PK of rocuronium or vecuronium as indicated by 
increased plasma concentrations, decreased elimination half-life, and decreased total clearance. 
In addition, with increased doses of sugammadex, increased amount of rocuronium was 
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recovered in urine.  For detailed data, refer to Section 2.4.2 (drug-drug interactions).  In vitro 
assay also suggest that sugammadex decreases plasma protein binding of rocuronium (Section 
2.2.6.5). 
 

2.2.8  What are waiting times for re-administration of rocuronium or vecuronium in patients 
for intubation who were initially administered sugammadex and rocuronium or vecuronium? 
In clinical, there might be situation that neuromuscular blockade (NB) is required after dosing 
with sugammadex.  A nonsteroidal NB agent is preferred for no waiting time.   
 
Appropriate waiting would be needed for readministraiton of rocuronium or vecuronium.  When 
Org 25969 is still present in the circulation, the effectiveness of the re-treatment with NMBA 
may be affected, to a degree depending on the dose of Org 25969 administered and on the time 
between reversal and re-treatment with NMBA.  Based on the half-life of Org 25969, molar 
concentrations of Org 25969, rocuronium, vecuronium, the waiting times were derived (Table 
2.2.8.1).  They seemed acceptable (see PM review, Appendix 4.3). 
 
Table 2.2.8.1.  Recommended waiting times for re-administration with rocuronium or 
vecuronium after reversal with sugammadex. 
In patients with normal renal function (creatinine clearance ≥ 80 mL/min)  

Time before readministration (hours)  
Administered dose of 
sugammadex  

Readministration dose of 
0.6 mg/kg rocuronium 

bromide 

Readministration dose of 
1.2 mg/kg rocuronium 

bromide 

Readministration dose of 
0.1 mg/kg vecuronium 

bromide 
2 (mg/kg)  6 hours No waiting time  10 hours  
4 (mg/kg)  8 hours  2 hours 12 hours  
16 (mg/kg)  12 hours  6 hours  16 hours  
 
The basis for proposed waiting times for rocuroniun and vecuronium is discussed below: 
 
Rocuronium 
• For rocuronium, the re-administration will be effective when the surplus in moles of 

rocuronium versus Org 25969 is approximately equivalent to the standard intubating dose of 
0.6 mg/kg rocuronium. In that case onset time can be expected to be essentially similar to 
that after a standard intubating dose of 0.6 mg/kg.  

• The molecular weight of rocuronium is 609.70 while the molecular weight of Org 25969 is 
2178.  Hence, in terms of moles (Weight in Grams/Molecular Weight) a 1.2 mg/kg dose of 
rocuronium is equivalent to 4 mg/kg of Org 25969.   

Vecuronium 
• The molecular weight of vecuronium is 637.74 which is similar to that of rocuronium 

(609.70).   
• The vecuronium dose used for intubation (0.1 mg/kg) is lower than rocuronium doses used 

for intubation (0.6 to 1.2 mg/kg).   
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Currently, there is no clinical experience on the waiting time for re-administration of rocuronium 
or vecuronium in patients for intubation who are initially administered Org 25969 and 
rocuronium or vecuronium.  Individual variation in waiting time is anticipated.  
 

2.2.9  Does sugammadex interfere with laboratory tests? 
In vitro studies were conducted to study possible effects of Org 25969 and Org 48302 on clinical 
chemistry analyses (19.4.004 and 19.4.007).  Overall, sugammades or Org 48302 does not 
interfere with laboratory tests with the possible exception of the serum progesterone assay and 
some coagulation parameters [APTT, PT and PT(inr)]. This interference was observed in plasma 
samples spiked with a concentration of sugammadex (100 µg/mL) in the same range as obtained 
for Cmax after a dose of 8 mg/kg. 
 
 

2.3 Intrinsic Factors 

2.3.1 What intrinsic factors (age, gender, race, weight, height, disease, genetic 
polymorphism, pregnancy, and organ dysfunction) influence exposure and/or 
response and what is the impact of any differences in exposure on the safety or 
efficacy? 

The Sponsor evaluated the effect of the following intrinsic factors on exposure and PD response 
to sugammadex: age, gender, race, renal impairment, and hepatic impairment. As described 
below, renal impairment affected sugammadex exposure.  In renal impairment patients, exposure 
increased 15-fold compared to healthy subjects.  

2.3.2 Based upon what is known about exposure-response relationships and their 
variability and the groups studied, healthy volunteers vs. patients vs. specific 
populations, what dosage regimen adjustments, if any, are recommended for each of 
these groups? If dosage regimen adjustments are not based upon exposure-response 
relationships, describe the alternative basis for the recommendation. 

2.3.2.1 Elderly (Study 305) 
In Study 305,  (2 mg/kg) has been administered to a total of 102 geriatric patients 
(ASA 1-3): 62 patients (65-74 years) and 40 patients (>75 years).  The time to recovery from 
neuromuscular blockade induced by rocuronium (0.6 mg/kg) following administration of 2.0 
mg/kg ™ given at the first signs of recovery (reappearance of T2) was compared with 
48 adult patients (18-64 years).   
 
Increased exposure of sugammadex was observed with increased age which is attributed to 
decrease in renal function with age (Table 2.3.2.1.1). 
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For efficacy evaluation, with increased age, there is an increased time in recovery from NMB 
following sugammadex administration (Table 2.3.2.1.2) even though PK showed higher 
exposure of sugammadex.  The sponsor did not propose dose adjustment for elderly. 
 
Table 2.3.2.1.2.  Summary of the time (min:sec) from start of administration of IP to 
recovery of the T4/T1 ratio to 0.9 by age group (Intent-to-Treat group). 

 

2.3.2.2 Pediatric Patients (Study 306) 
Although the Sponsor initiated a study in pediatric patients (Study 306)  

 The Sponsor requested a deferral for pediatric assessment for this 
product.   

2.3.2.3 Gender (Study 102) 
The PK of sugammadex is similar in female and male subjects. No statistically significant gender 
effects were observed for AUC, CL, wn-CL, wn-Vss, t½,β, MRT and fe as demonstrated by data 
from Study 102. 
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Table 2.3.2.3.1.  PK results for gender comparision (Study 102). 

 
 
In the pooled population analysis of the PK of sugammadex as part of the PK/PD interaction 
model, gender was not identified as a significant covariate, confirming the absence of a gender 
effect on the PK of sugammadex. 

2.3.2.4 Race (Study 102) 
The race information is mainly for Caucasians and Japanese.  Data from Study 102 suggested no 
major differences in PK of sugammadex between Japanese and Caucasian subjects (Tables 
2.2.6.9.1 and 2.3.2.3.1). CL was 9% lower and Vss was 12% lower in the Japanese compared to 
the Caucasian subjects. The difference is not considered clinically relevent.  After body weight 
normalization (wn-), CL and Vss were similar in both ethnic groups.  As of note, the dose was 
body-weight based and there is no clear body weight effect on the PK of sugammadex based on 
population PK analysis (see Section 2.3.2.5). 
 
The pooled data set used in the population PK/PD evaluation containing data from a total of 709 
subjects included 13 Black subjects and 6 subjects of other race. These relatively low numbers 
did not allow for separate evaluation of these race effects on the PK of sugammadex. 

2.3.2.5. Body weight 
Population PK analysis showed no relavent relationship of clearance and volume of distribution 
with body weight.   Figure 2.3.2.5.1 shows the effect of bodyweight on the clearance and volume 
of distribution of central compartment in Study 19.4.305.  No clear weight effect can be seen on 
the PK parameters of Org 25969.  See PM review for details (Appendix 4.3).  
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Figure 2.3.2.5.1.  Relationship between clearance, volume of distribution and body weight 
in Study 19.4.305. 

2.3.2.6 Renal impairment (Study 304) 
In Study 304,  (2 mg/kg) has been administered to a total of 30 patients: 15 renally 
impaired subjects (Clcr < 30 mL/min, severe, ASA 1-3) and 15 control subjects (CLcr ≥ 80 
mL/min, ASA 1-2). As expected, renal function affects sugammadex PK.  In severely renal 
impaired patients (including 9 patients who were on hemodialysis) CL of sugammadex was 
reduced approximately 16-fold and t½β increased 15-fold compared to normal patients.  Vss of 
sugammadex was increased 25% compared to normal patients. This resulted in a 17-fold higher 
exposure to sugammadex in renal impaired patients (Table 2.3.2.6.1).  As of note, 52% of AUC 
was based on extrapolation for patient with severe renal impairment and may lead to inaccurate 
estimatin of AUCinf.  The effect on Cmax was little.  During the first 60 minutes post 
administration of Org 25969 there was little difference in plasma levels between the two groups 
(Figure 2.3.2.6.1).  
 
Sugammadex and rocuronium complex was not efficiently removed from plasma using low flux 
filter (5 subjects), consistent with the in vitro dialysis finding, High flux filter showed a variable 
effectiveness for removing sugammadex and rocuronium (4 subjects) while in vitro dialysis 
study suggested that high flux filter could efficiently remove sugammadex and rocuronium.   
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Table 2.3.2.6.1.  Summary of the plasma PK parameters of Org 25969 and rocuronium. 
  Org 25969  rocuronium  

  Control  Renally 
impaired  Control  Renally 

impaired  
Mean  139 2139 179 450 

t½, β (min)  
CV (%) 44.4 121 67.5 39.9 
Mean  100 2003 79.6 366 

t½.effective (min)  
CV (%) 25.5 132 29.2 52.7 
Mean  1728 27463 296 1084 

AUC0-inf (µg·min·mL-1)  
CV (%) 34.8 114 37.4 53.8 
Median 2.37 52.3 0.199 4.12 AUC-extrapolated (%)  
Range  0.933– 4.32 3.59-88.4 0.0590–0.627 0.0546 – 22.7 

Mean  95.2 5.53 167 41.8 
CL (mL·min-1)  

CV (%) 22.1 108 30.8 46.9 
Mean  13800 15986 19125 22092 Vss 

 (mL)  CV (%) 20.5 35.5 28.3 29.9 
Mean  145  2890  115  528  

MRT (min)  
CV (%) 25.5  132  29.2  52.7  

 
In the same study, it was found that renal impairment also affected PK of rocuronium (in the 
presence of sugammadex) but to a lesser extent.  CL of rocuronium in the presence of Org 25969 
was reduced approximately 3.7-fold and t½,β increased 2.5-fold in severely renal impaired 
patients compared to normal patients (Table 2.3.2.6.1). Vss of rocuronium was increased with 
25% compared to normal patients. This resulted in a 4-fold higher exposure to rocuronium 
(bound and unbound) in renal impaired subjects. The much smaller effect of renal impairment on 
the t1/2,β of rocuronium than on that of Org 25969 suggests that a substantial portion of 
rocuronium was eliminated via the liver, despite the presence of excess binding agent. Urinary 
excretion of Org 25969 and rocuronium was much slower in the renal impaired subjects than in 
the control subjects (Table 2.3.2.6.1 and Figure 2.3.2.6.2).  The data indicate that rocuronium, 
even in the presence of excess sugammadex, can still be cleared hepatically to a substantial 
degree. 
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Figure 2.3.2.6.1.  Median Org 25969 concentration versus time plots. 
 

 
Figure 2.3.2.6.2.  Median Rocuronium concentration versus time plot. 
 
PK and safety of sugammadex was not studied in young adult patients with mild or moderate 
renal impairment patients.  Based on the fact that sugammadex is mainly eliminated unchanged 
in urine, a proportional relationship of PK with CLcr may be expected. Correlation plots were 
made of individual weight-normalized (wn) CL against the creatinine clearance (Figure 
2.3.2.6.3). Regression analysis showed that the correlation of wn-CL and CLcr is highly 
significant. Increase in AUC and half-life in mild or moderate renal impairment patients is 
expected as compared to patients with normal renal function.   
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Figure 2.3.2.6.3.  Regression plots of the Org 25969 wn-CL vs. CLcr.   
 
Effect of mild and moderate renal impairment on sugammadex PK and PD was obtained from a 
study in elderly patients (Study 305).  The study suggested that renal impairment is the main 
covariate that affected sugammadex PK and there was no additional effect from age (see Section 
2.3.2.1).   
 
The sponsor evaluated the effect of renal function on the pharmacokinetics of Org 25969 using 
data from all the studies in the development of PK model for rocuronium-Org 25969 interaction.  
The relationship between clearance of Org 25969 and creatinine clearance was described using a 
linear model which is described below: 
 

( )44.105ClearanceCreatinine6.0min/mL87CL 25969Org −•+=  
 
Based on this equation, sponsor proposes the following table in the label. 

The model seems to project higher clearance in severely renally impaired patients (based on 
CLcr) than clearance observed in Study 304. 
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An equation of CL=4.46(CLcr/88)0.941 was found to best describe the data (see PM review) and 
data for severe renal impairment patients were found to fit into the same relationship. 
 
Efficacy evaluation based on a mean time from start of administration of sugammadex to 
recovery of the T4:T1 ratio to 0.9 suggested that efficacy is comparable between the two groups: 
2 minutes for the renally impaired subjects, and 1 min:39 sec for the control subjects (Table 
2.3.2.6.2). 
 
Table 2.3.2.6.2. Summary of the time (min:sec) from start of administration of Org 25969 
to recovery of the T4:T1 ratio to 0.9 by subject group. 

 
 
The Sponsor concluded that there were no appreciable differences in terms of safety between the 
two groups.  Per discussion of this revewer with Dr. Simone (Medical Officer for safety review), 
this will be addressed in his review. 
 
The Sponsor proposes no dose adjustment for mild or moderate renal impairment patients and 
they strongly discourage usage of sugammadex in severe renal impairment patients.  We 
recommend contraindication in patients with severe renal impairment for the immediate reversal 
indication if the dose of 16 mg/kg is approved because of lack of safety database to support 16-
fold increase in AUC (equivalent to a dose of 256 mg/kg in normal patients).   
 
PK of sugammadex has not been evaluated in patients with renal impairment whose NMB are 
induced by vecuronium.  Because vecuronium or rocuronium shows little effect on sugammadex 
PK, the studies conducted with rocuronim-induced NMB (Study 304) may be extrapolable to 
vecuronium-induced NMB. 

2.3.2.7 Hepatic Impairment (simulation) 
No study has been conducted in patients with hepatic impairment because sugammadex is 
mainly eliminated in the kidney.  However, hepatic impairment would affect PK of rocuronium.  
The Sponsor applied the population PK/PD interaction model with rocuronium to simulate the 
reversal of rocuronium-induced neuromuscular blockade (NMB) by sugammadex in hepatic 
impairment patients.   
 
The pharmacokinetics of rocuronium was evaluated in 10 normal subjects and 9 patients with 
alcoholic liver cirrhosis (Organon Study P021-009).  The study showed that the pharmacokinetic 
parameters of rocuronium were altered in the presence of severe liver impairment as shown in 
Table 2.3.2.7.1.  Using the PK/PD model with the assumptions of PK changes for rocuronium 
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and/or Org 25969, the sponsor simulated the recovery time of T4/T1 to 0.9 for the following 
scenarios: 
 
Scenario 1: Org 25969 administration 3 minutes after rocuronium 
Following an iv bolus dose of 0.6 or 1.2 mg/kg rocuronium, 12, 16 or 20 mg/kg Org 25969 was 
administered iv 3 minutes after rocuronium administration. 
 
Scenario 2: Org 25969 administration 15 minutes after rocuronium 
Following an iv bolus dose of 0.6 or 1.2 mg/kg rocuronium, 2, 4 or 8 mg/kg Org 25969 was 
administered iv 15 minutes after rocuronium administration. 
 
Scenario 3: Org 25969 administration at reoccurrence of T2 
Following an iv bolus dose of 0.6 or 1.2 mg/kg rocuronium, 2 or 4 mg/kg Org 25969 was 
administered iv at reoccurrence of T2. 
 
Table 2.3.2.7.1.  Summary of observed PK changes for rocuronium in patients with severe 
hepatic impairment relative to normal.  Shown are assumptions of PK changes for Org 
25969 in subjects with hepatic impairment. 
 CL Vc Vp1 Vp2 
Rocuronium PK changes in 
hepatic impairment relative to 
normal 

 
↓ 21% 
 

 
↑ 52% 

 
↑ 74% 

 
↑ 141% 

Org 25969 PK changes in 
hepatic impairment relative to 
normal 

 
↔ 

 
↔ 

 
↔ 

 
↔ 

Org 25969 PK changes in 
hepatic impairment relative to 
normal 

 
↔ 

 
↑ 52% 

 
↑ 74% 

 
↑ 141% 

 
 
The PK/PD model for rocuronium links the first peripheral compartment concentrations to the 
TOF ratio.  Due to increase in volume of distribution of rocuronium and Org 25969 into central 
and second peripheral compartment, one would expect that the concentrations in the first 
peripheral compartment would be lower in patients with hepatic impairment.  The onset will be 
slightly delayed.  With lower concentrations of Org 25969 to bind to rocuronium due to greater 
distribution volume, the recovery will be slower which is dependent on (A) Dose of Org 25969 
(B) Time between the administration of rocuronium and Org 25969.  The information on 
recovery times in patients with hepatic impairment was calculated and is shown in Table 
2.3.2.7.2 below. 
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Table 2.3.2.7.2. Time to recovery of T4/T1 ratio of 0.9 in patients with and without severe 
hepatic impairment. 

 dose/ time point of  
administration  

Normal 
patient  
(minutes)  

Severe hepatic  
impairment  
(minutes)  

2 mg/kg at reappearance of T2 after  
0.6 mg/kg rocuronium bromide. 

1.86  4.38  

4 mg/kg, 15 minutes after 0.6 mg/kg  
rocuronium bromide. 

1.76  3.43  

16 mg/kg , 3 minutes after 1.2 mg/kg  
rocuronium bromide. 

1.32  1.90  
 
 
A prolongation of recovery time in hepatic impaired patients was predicted.  Refer to PM review 
(Appendix 4.3) for details.  For better clinical guidance, a study in hepatic impairment patients 
should be conducted to confirm the above projection. 
 

2.4 Extrinsic Factors 

2.4.1 What extrinsic factors (drugs, herbal products, diet, smoking, and alcohol use) 
influence dose-exposure and/or response and what is the impact of any differences in 
exposure or response? 

Because sugammadex is an IV drug, the most significant extrinsic factors that could affect PK or PD are 
from comedications that patients may receive during surgery or commonly-prescribed drugs.  The 
Sponsor evaluated the effects of drug-drug interactions based on evaluation for potenatil complexation 
of sugammadex with drugs other than rocuronium or vecuronium. 

2.4.2 Drug-drug interaction 

2.4.2.1 Is there an in vitro basis to suspect drug-drug interaction?  
In vitro metabolism or transport study for sugammadex has not been conducted.  Drug 
interactions via CYP inhibition or induction are not anticipated.  Sugammadex is not likely to be 
metabolized by CYP enzymes and susceptible to drug interaction with CYP inhibitors or 
inducers because of large molecular size and 3-dimentional structure of sugammadex, limited 
metabolism observed in vivo, and limited liver distribution as suggested by the animal studies.  
Sugammadex also is not likely to affect other drugs’ metabolism as an inhibitor or inducer 
because of limited liver distribution and single-use nature. 
 
However, transport-based drug-drug interaction cannot be ruled out.  Sugammadex may affect 
other drugs’ transport in the kidney.  Transport-based drug-drug interactions were not studied.   
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2.4.2.2  What co-medications are likely to be administered to the target patient population? 
Three major kinds of drugs were likely to be administred to the target patient population: drugs 
commonly used in anesthesia; drugs that are most frequently prescribed; and steroidal molecules. 

2.4.2.7  What are the in vivo drug-drug interaction studies for sugammadex? 
Drug interaction of sugammadex and rocuronium/vecuronium was evaluated based on PK 
assessments from various studies.  With regard to drugs other than rocuronium or vecuronium, 
potential drug-drug interactions based on complexation with sugammadex have been evaluated 
using in-vitro assessments, preclinical assessment, and PK/PD modeling.   
 
Effects of Other Drugs on Sugammadex 
 
Rocuronium and Vecuronium: The presence of rocuronium or vecuronium showed little effect 
on PK of sugammadex.   
 
Other Drugs: The displacement interaction potential caused by the presence of a third drug 
either before or after sugammadex administration was evaluated using a PK/PD model.  Three 
major kinds of drugs were evaluated by the model: drugs commonly used in anesthesia; drugs 
that are most frequently prescribed; and steroidal molecules.  The brief description of the model 
is described in the modeling section.  Toremifene, flucloxacillin and fusidic acid were identified 
to carry a risk of displacement interaction with sugammadex.  Only toremifene is currently 
marketed in the U.S..  Tamoxifen, a structurally-similar molecule to taremifene was used in the 
clinical studies.  The data suggested recurarization in some patients who were on tamoxifen.  As 
of note, tamoxifen showed lower affinity to sugammadex than toremifene and fell below the 
critical line based on the modeling.  The clinical database also suggested corticorsteriod 
coadministration may contribute to recurarization in some patients.   The label will need to 
include cautionary languages for drugs with steroidal structures. Refer to PM review (Appendix 
4.3) for detailed evaluation of the PK/PD model in drug interaction predicition.   
 
Effects of Sugammadex on Other Drugs  
 
Rocuronium and Vecuronium: Sugammadex affects PK of rocuronium and vecuronium as 
indicated by increased plasma concentrations, decreased elimination half-life, and decreased total 
clearance. With increased doses of sugammadex, increased amount of rocuronium was recovered 
in urine.  In vitro assay also suggest that sugammadex decreases plasma protein binding of 
rocuronium or vecuronium. 
 
The following tables list the PK parameters for rocuronium from Study 101. 
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Table 2.4.2.7.1.  Summary of the pharmacokinetic parameters of rocuronium in plasma. 

 
 
Table 2.4.2.7.2. Summary of urinary excretion of rocuronium. 

 
 
Other Drugs: The capturing interaction potential caused by complexation between a third drug 
and sugammadex and thus reduces the clinical effect of the third drug was evaluated using the 
PK/PD model.  A clinically relevant interaction cannot be ruled out for hormonal contraceptives. 
Refer to PM review (Appendix 4.3) for detailed evaluation of the PK/PD model. 
 

2.5 General Biopharmaceutics 

2.5.1 What is formulation (quantitative composition) of sugammadex injection solution? 
Org 25969 Solution for Injection 100 mg/mL is a clear, colorless to slightly yellow aqueous 
solution for injection filled in 2 R DIN (2 mL solution per vial) or 6 R DIN (5 mL solution per 
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4.2 Individual Study Reviews 

4.2.1  In Vitro Studies 

4.2.1.1  In Vitro Plasam Protein Binding 
 
Study NL0046285: An In Vitro Binding Study of Org 25969 and/or Org 9426 to Male Rat, 
Rabbit, Cat, Dog and Human Plasma Proteins  
 
Objectives: To determine the extent of binding of [14C]-Org 25969 to male rat, rabbit, cat, dog 
and human plasma proteins in vitro; to determine the extent of binding of [3H]-Org 9426 to male 
rabbit plasma proteins in vitro; to determine the extent of binding of [3H]-Org 9426 (rocuronium) 
in combination with Org 25969 to male rat, rabbit, cat, dog and human plasma proteins in vitro. 
 
Method:  The extent of binding of [14C]-Org 25969 or [3H]-Org 9426 to plasma proteins was 
determined by equilibrium dialysis in plasma. 

 
 
Results: 
After approximately 3 h equilibrium was reached in the plasma and buffer samples spiked with 
[14C]-Org 25969. 
 
[14C]-Org 25969 did not bind to plasma proteins. This was indicated by negative binding values, 
which are interpretated as zero (no binding) (Table 1). 
 
[3H]-Org 9426 in combination with Org 25969 binds to male rat, rabbit, cat, dog and human 
plasma proteins. Increasing the relative Org 25969 concentration decreases the [3H]-Org 9426 
plasma protein binding in all species tested. At approximately equimolar concentrations of Org 
9426 and Org 25969 the extent of [3H]-Org 9426 binding is zero (Table 2 and Figure 1).  In all 
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species tested the plasma protein binding of Org 9426 declines to 0% when the concentration 
ratio of Org 25969/ Org 9426 approximated 1.  
 
Table 1.  In vitro binding of [14C]-Org 25969 to male human plasma proteins. 

 
 
 
Table 2.  In vitro binding of [3H]-Org 9426 (rocuronium) combined with Org 25969 
(sugammadex) to male human plasma proteins. 
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Figure 1.  In vitro binding of [3H]-Org 9426 in combination with Org 25969 (increasing Org 
25969/Org 9426 ratio) to male human plasma proteins. 
 
Conclusions: 
• In vitro binding studies (equilibrium dialysis) showed that sugammadex (0.3 to 125 µM) does 

not bind to human plasma proteins. The concentration range studied is likely to cover the 
therapeutic range as the mean Cmax at 16 mg/kg is 90 µM. 

 
• In the absence of sugammadex, approximately 37% of rocuronium bounds to plasma 

proteins. The extent of protein binding declines when sugammadex was added, and none is 
bound to plasma proteins at equimolar concentrations of the two drugs.  

 
 

4.2.1.2  In Vitro Erythrocyte Binding 
 
Study NL0047787:  An In Vitro Binding Study of Org 25969 to Male Rat, Rabbit, Cat, Dog and 
Human Erythrocytes and Org 9426 with or without Org 25969 to Male Human Erythrocytes   
 
Objectives:  To determine the extent of binding of [14C]-Org 25969 to male rat, rabbit, cat, dog 
and human erythrocytes in vitro; to determine the extent of binding of [3H]-Org 9426 to male 
human erythrocytes in vitro; to determine the extent of binding of [3H]-Org 9426 in combination 
with Org 25969 to male human erythrocytes in vitro. 
 
Methods:  The extent of binding of Org 25969 of Org 9426 or combination to erythrocytes was 
determined by incubation of blood in the presence of various concentrations of test compound.  
Samples were taken after 5 and 60 min of incubation for the determination of the radioactivity in 
whole blood. Radioactivity was determined in plasma samples collected at the same time points, 
as well. Hematocrit values were determined before (for untreated blood) and after incubation. 
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Results: 
For male rat, male rabbit, male cat, male dog, and male human blood, the mean hematocrit 
values, determined after finishing the incubation (60 minutes), were 0.437, 0.414, 0.320, 0.358 
and 0.413; no hemolysis had occurred during the incubation for all species. No binding of Org 
25969 to erythrocytes was observed at the concentrations and incubation times tested (Table 1). 
Binding of Org 9426 to erythrocytes did not occur at both incubation times (Table 2). The 
combination of the two drugs did not show binding to erythrocytes when increasing the ratio of 
Org 25969: Org 9426 concentration (Table 3). The blood of all the species tested did not bind 
Org 25969 or Org 9426 or the combination (data not shown). 
 
Table 1.  In vitro binding of [14C]-Org 25969 to male human erythrocytes. 
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Table 2.  In vitro binding of [3H]-Org 9426 to male human erythrocytes. 

 
 
Table 3. In vitro Combi binding of [3H]-Org 9426, Org 9426 and Org 25969 to male 
Human erythrocytes. 

 

 
 
Conclusions: 
• Org 25969 does not bind in vitro to erythrocytes of male human blood independent of the 

concentration and independent of the incubation time. 
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• Org 9426 (Rocuronium) does not bind to male human erythrocytes independent of the 
incubation time. 

• Org 25969, Org 9426 and Org 25969 + Org 9426 did not induce hemolysis up to 
concentrations of 250 µM, 3.1 µM and 12.1 µM:3.1 µM, respectively. 

• No binding was observed of Org 9426 to male human erythrocytes in combination with 
increasing concentrations of Org 25969. 

 
 

4.2.1.3  In Vitro Study on the Dialysability of Org 25969 

Study No. 19.4.006 (Report NL0061451): In vitro study on the dialysability of Org 25969 
 
Objective: To explore the dialysability of Org 25969 in the presence and absence of rocuronium 
in vitro, and, if applicable, to explore the dialysis characteristics of these compounds. 
 
Methods:  
An overview of the experiments performed in this study is presented in the table below: 
 
Exp. 
No.  

Plasma composition  Filter  # of 
replicas 

Dialysate 
flow  

1  Org 25969 + rocuronium  High Flux (FX 60)  3  Yes  

2  Org 25969 + rocuronium  Low Flux (F6 HPS)  3  Yes  

3  Org 25969  Low Flux (F6 HPS)  3  Yes  

4  Org 25969 + rocuronium  High Flux (FX 60)  1  No (control) 
 
An in-vitro dialysis set-up was used with a 900 mL pool of human plasma and a phosphate 
bicarbonate buffer as dialysate. Plasma flow was 200 mL/min and was recirculated. The 
dialysate flow was 500 mL/min and was not recirculated. The temperature was kept at 37°C. 
Two filters, a high- and a low-flux filter were used. The combination of Org 25969 and 
rocuronium was tested with both filters. Org 25969-only was tested with the low-flux filter only. 
The experiments were done in triplicate except the control experiment. Org 25969 was added to 
the plasma pool to a concentration of 100 µg/mL, rocuronium up to a concentration of 30 µg/mL, 
in order to have a molar stoichiometry of 1:1. Samples from the plasma pool were taken before 
entrance of the filter and just after leaving the filter (= Ci and Co). Samples for Org 25969 (1.0 
mL) and rocuronium (0.5 mL) measurements were taken at 0, 5, 10, 15, 30, 60, 120 and 180 min. 
At the same time points, a sample of the dialysate was taken for exploratory investigations. A 
control experiment without dialysate was performed to test sticking of the drugs to the filter 
material (polysulfone). 
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Conclusions: 
Org 25969 and rocuronium can be efficiently removed from plasma by dialysis when using a 
high flux membrane. Under these conditions the clearance of Org 25969 and rocuronium was 86 
and 89 mL/min, respectively. The use of a low flux membrane results in a much lower clearance 
of 4 to 6 mL/min for the two compounds. The clearance of Org 25969 in the absence of 
rocuronium under low flux conditions was comparable at 6 mL/min.  The results of the control 
experiment show that the amount of Org 25969 and rocuronium removed from plasma in the 
absence of dialysate flow was negligible. 

 

4.2.1.4  Possible Effects of Org 25969 on Clinical Chemical Analysis 

Study No. 19.4.004 (Report -035803): Study on the Possible Effects of Org 25969 on 
Clinical Chemical Analysis 

Objectives:  To assess possible interferences of ORG25969 in various Clinical Chemistry tests 
and to prepare ORG25969 stability samples for testing at the Sponsors site. 
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Methods:  Fresh matrix from 6 healthy subjects (3 male and 3 female) was used to prepare study 
samples of serum, plasma or whole blood. Samples (3 samples per subject) were spiked with Org 
25969 (100 µg/mL), or unspiked.  For each prepared sample, three aliquots were analyzed in 72 
analytical tests (see list of assays below).  Additionally, to investigate the effect of Org 25969 on 
abnormal (positive) assay results, spiked (500 µg/mL) and un-spiked urine samples from 2 
patients (1 male and 1 female) were tested in 13 assays. 

Six individual heparin whole blood samples were obtained for stability experiments of 
ORG25969 in heparin plasma. 
 
Although the Sponsor intended to target the Org 25969 concentrations in the spiked samples to 
approximate maximal concentrations in men after administration of 16.0 mg/kg Org 25969 
(~200 µg/mL), the concentration studied was about half of Cmax achieved at 16 mg/kg. The data 
were evaluated with respect to statistical significance and clinical relevance. 

Table 1. List of Assays. 
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The following 17 tests showed statistically significant differences between spiked ('treatment') 
and unspiked ('blank') samples: 

 

In addition to and independently from the statistical evaluation, the clinical relevance of a 
possible (maximal) effect caused by addition of ORG 25969 was evaluated for each test method. 
For clinical chemistry tests of activated partial thromboplastin time (APTT), prothrombin time 
(PT) and PT (international normalized ratio) (PT(inr)), the mean values were statistically 
significant higher for samples spiked with Org 25969 compared to un-spiked samples. However, 
these mean values were within the normal ranges as applied by the Clinical Chemistry lab ‘  

. Even when the absolute differences found between spiked 
and un-spiked samples of APTT, PT and PT(inr) were superimposed on the upper limit of the 
normal range for these parameters, none of these parameters would reach a value that would 
result in notification of a physician according to the criteria of ’.  For APTT, PT(inr) 
and PT, the absolute differences found between the mean concentrations of treated and untreated 
samples, superimposed on the upper reference range limits, were 48.9 sec, 1.322 sec and 17.11 
sec, respectively. However, the threshold values for physician notification for these compounds 
were >100 sec, >6 sec and >75 sec, respectively. The threshold values used are documented and 
archived at the Clinical Chemistry lab  
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For the Ethanol in urine assay, a general interference of the test was observed after spiking. It 
was concluded that the reliability of the test was compromised after spiking with ORG25969. 

For the progesterone assay, a clinically relevant effect of Org 25969 was found in samples from 
female subjects. Although the observed deviations after spiking would not lead to a pathological 
classification, conclusions from this assay may be compromised when used in the presence of 
Org 25969 for the purpose of identifying reproductive phases in female subjects. 

Table 2.  Statistical analysis - including gender term in ANOVA. 
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Stability of ORG25969 was demonstrated at 37°C in heparin plasma for up to 264 hours. 

 

4.2.1.5  Possible Effects of Org 48302 on Clinical Chemical Analysis 

Study No. 19.4.007 (Report -062103): Study on the Possible Effects of Org 48302 on 
Clinical Chemical Analysis 

Objective: The objective of this study is to assess possible interferences of ORG 48302 in 
various Clinical Chemistry tests in comparison with ORG 25969. 

Methods: Fresh matrix from 6 healthy subjects (3 male and 3 female) was used to prepare study 
samples of serum, plasma, whole blood and urine. Samples were spiked with Org 25969 (90 
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µg/mL in serum, plasma or whole blood; 450 µg/mL in urine) or Org 48302 (10 µg/mL in serum, 
plasma or whole blood; 50 µg/mL in urine), or un-spiked. For each prepared sample, three 
aliquots were analyzed in 23 analytical tests. Although the Sponsor intended to target the Org 
25969 and Org 48302 concentrations in the spiked samples to approximate maximal 
concentrations in men after administration of 16.0 mg/kg Org 25969 (~200 µg/mL for Org 
25969), the concentration studied was about half of Cmax achieved at 16 mg/kg.  The data were 
evaluated with respect to statistical significance and clinical relevance. 

Results:  The following tests showed statistically significant differences between non-spiked and 
spiked samples for the indicated compound. 

 
In addition to and independently from the statistical evaluation, the clinical relevance of a 
possible (maximal) effect caused by addition of ORG 48302 or ORG 25969 was evaluated for 
each test method. 
 
For APTT, PT (inr) and PT, clinically relevant differences were found between spiked samples 
with ORG 25969 and non-spiked samples. For ORG 48302, no clinical relevant differences were 
observed between spiked and non-spiked samples. 
 
For ORG 25969, it was concluded that in combination with other pathologic findings, these 
differences would lead to pathological classifications of spiked samples. However, if evaluated 
as stand alone results, neither of these deviations would result in notification of a physician 
according to the criteria of the Clinical Chemistry lab . 
 
For APTT, PT (inr) and PT, the absolute differences found between the mean concentrations of 
ORG 25969-treated and untreated samples of all subjects (4.6, 0.109 and 1.37 sec, respectively), 
superimposed on the upper reference range limits (39, 1.19, and 15.5 sec, respectively), were 
43.6 sec, 1.299 sec and 16.87 sec, respectively. However, the threshold values for physician 
notification for these compounds were >100 sec, >6 sec and >75 sec, respectively. The threshold 
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values used are documented and archived at the Clinical Chemistry lab  
. 

 
For all other tests that showed statistically significant differences between non-spiked and 
ORG 48302 or ORG 25969 spiked samples, no clinically relevant effect was observed. 

 

4.2.2  Single Ascending Dose Study 

Study 19.4.101: A phase I, randomized, double-blind, placebo-controlled, single rising dose 
study in healthy male volunteers to assess the tolerance, safety and pharmacokinetic properties 
of Org 25969 followed by a double-blind, placebo-controlled, crossover part to preliminary 
assess the efficacy of Org 25969  
 
 
Study Period:   July 18, 2001 to December 7, 2001 
Sample Analysis Periods:  January 22, 2002 to May 1, 2002 
Analytical Site:   N.V. Organon, Molenstraat 110, 5342 CC Oss, The Netherlands  
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Sample Analysis: Bioanalysis of Org 25969 and rocuronium in plasma and urine was performed 
under experiment number 020005 at the Department of Drug Metabolism & Kinetics, Section 
Chromatography, Organon, Oss, according to standard operating procedures and methods. 
 
Subjects:  A total of 29 subjects were enrolled in this trial. All were Caucasian males.  19 
subjects participated in part 1 (groups I-IIa) and 10 subjects participated in part 2 (III & IIIa).  
Their mean (SD) age was 30.5 (5.9) years and their mean (SD) weight and height were 76.8 (6.2) 
kg and 179.2 (5.7) cm, respectively.  Subject no. 13 dropped out because of cardiac problems 
and he was not replaced.   
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Table 1.  Number (%) of subjects exposed to anesthetics by dose group, All-Subject-
Treated group, Part 2 (N = 10). 

 
 
Results: 
 
Efficacy: 
The primary efficacy parameter of this study was the recovery time of TOF, T4/T1 to 
0.8.   Later studies used the recovery time of TOF, T4/T1 to 0.9 as the primary efficacy 
parameter. Both data were shown in Table 2.  The data suggests a plateau effect at doses above 
4.0 mg/kg Org 25969 (Table 2 and Figure 1). 
 
Table 2.  Summary of the time to recovery of T4/T1 to 0.8 and 0.9 (min) by dose group, Per-
Protocol group, Part 2 (N = 10). 
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The best model fitting the relationship between the time to recovery of T4/T1 to 0.8 and the dose 
was a sigmoid inhibitory effect model with a baseline effect parameter: 

 
The main parameter of interest from a clinical point of view was E0, the minimum recovery time 
according to the model. The best fit was obtained when the model fitted the doses above or equal 
to 1.0 mg/kg Org 25969 (r = 0.98). E0 estimate was 0.8 minutes. 
 
Pharmacokinetics: 
In Part 1, following administration of increasing single doses of Org 25969, exposure to Org 
25969 as expressed by AUC increased proportionally to the dose over the dose range of 0.1 to 
8.0 mg/kg (Table 3 and Figure 2). CL, Vz and t½,β appeared to be independent of the dose 
administered. 
 
Figure 2.  Mean Org 25969 plasma concentration-versus-time curve; Part 1. 
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Table 3.  Summary of the pharmacokinetic parameters of Org 25969 in plasma; Part 1. 

 
# Geometric mean (geometric coefficient of variation)  
 
In Part 2, where Org 25969 was administered 3 minutes following a single dose of 0.6 mg/kg 
rocuronium, the plasma AUC of total Org 25969 (free and in complex) appeared to be slightly 
higher compared to the same dose levels of Org 25969 administered without rocuronium in Part 
1 (Table 4 and Figure 3). It should be noted, however, that the small number of subjects does not 
allow for a sound comparison between Part 1 and Part 2. 
 
Figure 3. Mean Org 25969 plasma concentration-versus-time curve; Part 2. 
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Table 4. Summary of the pharmacokinetic parameters of Org 25969 in plasma; Part 2. 

 
 
The rocuronium plasma concentrations increased with increasing dose of Org 25969 
administered 3 minutes after 0.6 mg/kg rocuronium (Table 5 and Figure 4).  The AUC of total 
rocuronium (in complex and not in complex with Org 25969) after treatment of 0.6 mg/kg 
rocuronium followed by 0.1 to 8.0 mg/kg of Org 25969 was higher compared to the AUC 
following administration of rocuronium only. Its value increased with more than a factor 2 when 
administration of rocuronium was followed by an Org 25969 dose of 2.0 mg/kg or higher. The 
volume of distribution Vz of rocuronium decreased from about 50 L in the absence of Org 25969 
to about 15 L when 2.0 to 8.0 mg/kg Org 25969 was given 3 minutes post-rocuronium. The 
terminal half-life of rocuronium in plasma decreased up to 40% if rocuronium was followed by 
Org 25969 administration. 
 
On average 14% of the dose was recovered in urine up to 24h after administration of 0.6 mg/kg 
rocuronium (Table 6). When rocuronium dosing was followed by administration of Org 25969, 
the percentage of the dose excreted in urine as unchanged rocuronium increased with increasing 
Org 25969 up to at least 68% at the highest dose level of 8.0 mg/kg Org 25969 (Table 6). The 
rocuronium half-life calculated from urine data, which was estimated to be about 12h on average 
in the absence of Org 25969, was shortened with increasing Org 25969 dose to about 1.6 h at the 
highest dose level of 8 mg/kg. 
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Figure 4.  Mean rocuronium plasma concentration-versus-time curve; Part 2. 
 

 
 
Table 5.  Summary of the pharmacokinetic parameters of rocuronium in plasma; Part 2. 
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Table 6.  Summary of urinary excretion of rocuronium; Part 2. 

 
 
Discussion and Conclusions: 
Part 1: Org 25969 showed dose propotional pharmacokinetics over the dose range of 0.1 to 8.0 
mg/kg with a total plasma clearance of about 100-120 mL/min, a volume of distribution of about 
18 L and an elimination half-life of about 100 minutes. 
 
Part 2: The clearance of Org 25969 seemed lower under anesthetic conditions and following 
administration of rocuronium, ranged from 75-120 mg/min.  Rocuronium plasma concentrations 
and urinary excretion increased with increasing dose level of Org 25969, compared to 
administration of rocuronium alone. 
  
The results showed that neuromuscular relaxation as a result of 0.6 mg/kg rocuronium bromide 
administration can be reversed by Org 25969 in man. The dose-effect relationship was described 
by a sigmoid inhibitory effect model with a plateau effect at doses above 4.0 mg/kg.  
 
 
 

4.2.3  Race and Gender 

Study 19.4.102: A double-blind, randomized, placebo controlled trial to assess and compare 
safety, tolerability and pharmacokinetics of three ascending iv bolus doses with Org 25969 in 
Japanese and Caucasian healthy male and female volunteers 
 
 
Study Period:   March 4, 2003 to May 6, 2003 
Sample Analysis Periods:  April 10, 2003 to May 26, 2003 
Analytical Site:   The Department of Drug Metabolism and Kinetics, NV Organon,  
    The Netherlands 
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Sample Analysis: Determination of Org 25969 in plasma and urine was performed by the 
Department of Drug Metabolism and Kinetics, NV Organon, The Netherlands, using validated 
liquid chromatographic mass spectrometric methods.  
 
Subjects:  A total of 28 subjects were enrolled into the study: 14 Japanese and 14 Caucasian. As 
planned in the protocol within each ethnic group 7 males and 7 females were enrolled.  All 28 
subjects were randomized and received all three doses (1, 8 and 16 mg/kg) of Org 25969 plus a 
placebo dose.  The Caucasian group was slightly taller and heavier than the Japanese group 
(Table 1). The mean blood pressure and heart rate readings from the Caucasian group were also 
slightly higher compared to the Japanese group at the screening assessment. 
 
Table 1.  Subject Characteristics at the Screening. 

 
 
Results: 
Pharmacokinetics: 
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Upper panels: geometric mean Org 25969 concentrations in logarithmical scale. 
Lower panels: geometric mean dose-normalized Org 25969 concentrations in logarithmical scale. 
 
Table 2. Overall summary of the PK parameters for Org 25969 in plasma. 

 
Presented statistics are geometric mean and geometric coefficient of variation (for tmax median and range (min 
max)). 
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Table 3. Summary of the PK parameters for Japanese subjects only (Male vs. Female). 

 
Presented statistics are geometric mean and geometric coefficient of variation (for tmax median and range (min-
max)). 
Table 4.  Summary of the PK parameters for Caucasian subjects only (Male vs. Female). 

 
Presented statistics are geometric mean and geometric coefficient of variation (for tmax median and range (min-
max)). 
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Table 5.  Summary of Urinary Excretion of Org 25969 (Japanese vs. Caucasian). 

 
Presented statistics are geometric mean and geometric coefficient of variation. 
 
Ethnic Group Comparison (Japanese vs. Caucasian) 
Exposure to Org 25969 for the Japanese subjects was found to be on an average 10% higher 
compared to Caucasian subjects (Table 6). 
 
Table 6. PK results of Ethnic Group Comparison. 

 
Based on ANOVA using all 28 subjects. 
 
Dose Proportionality 
Table 7.  Dose Proportionality for Japanese subjects. 

 
Based on ANOVA using all 28 subjects. 
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The PK of sugammadex is similar in female and male subjects. 
 
Across the dose range of 1 to 16 mg/kg, the data indicated dose proportionality with respect to 
systemic Org 25969 exposure for the Japanese population. For the Caucasian population a 
slightly more than proportional increase in systemic exposure to Org 25969 with increasing dose 
was observed (~20% increase compare 16 mg/kg with 1 mg/kg).  Overall, exposure is 
approximately dose-proportional between 1 and 16 mg/kg. 

 

4.2.4  High Dose Study 

Study 19.4.106: Randomized, double-blind, placebo-controlled 4 periods ascending single iv 
dose study to assess the safety and tolerability of high doses of Org 25969 in healthy male and 
female volunteers  
 
 
Study Period:   April 2005 to May 2006 
Sample Analysis Periods:  May 25, 2005 to August 4, 2005 
    Reanalysis: March 31, 2006 to April 19, 2006 
Analytical Site:   The Department of Clinical Pharmacology & Kinetics, section 
    Chromatography, Organon Oss, The Netherlands 
    Reanalysis: The Department of Bioanalytics, Research &   
             Development, N.V. Organon, Oss , The Netherlands 
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For PK analysis in plasma, blood samples (6 mL) were to be drawn at the predefined time points 
(pre dose, t=0 (end of infusion), 2, 5, 10, 20 and 35 minutes post dose and 1, 1:30, 2, 2:30, 4, 6, 
8, 12, 18, 24 and 48 hours post dose). 
 
For PK analysis in urine, aliquots were to be taken from the urine collected during the predefined 
intervals (predose -12:00 – 00:00; 00:00 – 06:00; 06:00 – 12:00; 12:00 – 24:00 and 24:00 – 
48:00). 
 
Sample Analysis:  Initial PK analysis suggested that Org 25969 in plasma and urine samples 
had a negative influence on the analysis results for Org 48302 in human heparin plasma samples 
and human urine samples. Therefore all plasma and urine samples of this study were reanalysed 
with the re-validated LC-MS assays for the determination of Org 48302 (in the presence of Org 
25969) in human heparin plasma or in human urine (Validation Report: Organon R&D RR 
INT00006478).  The assay was re-validated in the presence of Org 25969 (Org 48302/Org 25969 
in the same ratio as the medication which was dosed in Studies 106 and 107). As in the 
revalidated assays calibration and QC samples contain a similar ratio of Org 48302/Org 25969 as 
the unknown samples, the negative influence of Org 25969 on the Org 48302 results is expected 
to be compensated for. 
 
Subjects:  A total of 21 subjects were screened (Figure 1). Five subjects were not eligible due to 
smoking, low heart rate, difficult venous accessibility or declined. Three subjects acted as 
reserve.  In total, 13 subjects (6 female and 7 male) were randomized and 12 (6 male and 6 
female) of them completed the study.  All subjects were Caucasians.  
 
Subject 008 (male) was withdrawn from the study because of an adverse event (skin paraesthesia 
and vision disturbances) observed during the administration of the medication in Period 1. The 
infusion of subject 008 (male) was stopped prematurely in period 1. Subject 008 received 
approximately 8.4 mg/kg Org 25969 as an intravenous dose of about 1 minute duration.  Subject 
008 did not participate in the remaining periods of the study and, in agreement with the sponsor; 
the subject was replaced by subject 108. Subject 008 participated in a later study (19.4.110) in 
which hypersentivity issue was addressed specifically.  Refer to Dr. Simone’s review on the 
assessment of potential hypersensitivity reaction caused by sugammadex. 
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Table 1. Subject baseline characteristics. All-Subjects-Treated group (N = 13). 

 
 
Results: 
Pharmacokinetics: 
Figure 1 shows that the dose-normalized concentration-time curves overlap to a great extent, 
both for Org 25969 and Org 48302. This indicates dose proportionality of the concentrations 
within the dose range studied.  Oevrall exposure of Org 48302 was approximately 5% of that of 
Org 25969, which may reflect the % of Org 48320 in the product used in this study.   
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Table 2. Overall summary of the PK parameters for Org 25969 and Org 48302 in Plasma. 

 
 
 
Table 3.  Summary of Urinary Excretion of Org 25969 and Org 48302. 
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Sample Collection and Analysis: 
• Blood samples for PK (bold), radioactivity (RA) (italic) and metabolic profiling (MP) 

(underlined) at predose and at t = 2, 5, 10, 20, 35, 60, 90, minutes and at t = 2.5, 4, 6, 8, 12, 
18, 24 and 48 h post dose.   

• Collection intervals for urine samples for PK, RA and MP at predose (-12 to 0 h) and at 0-6, 
6-12, 12-24 and 24-48 h post dose.   

• Exhaled air samples for RA at predose and at t = 1, 2, 6 and 12 h post dose. 
• Collection intervals for feces for RA and MP at predose (Day -3 until admission) and at 0-12, 

12-24, and 24-48 h post dose. 
 
Blood and urine samples were to be analyzed for Org 25969 and Org 48302 by the 
chromatography section of the Clinical Pharmacology & Kinetics (CPK) Department of Organon 
N.V. under Study No. 050333.  Blood and urine samples were to be analyzed for RA by the 
bioanalytical laboratory of . MP of blood and urine samples was to be performed by the 
Toxicology and Drug Disposition Department of Organon N.V. 
 
Results: 
 
Study Population: A total of 6 healthy male subjects entered and completed the study as per 
protocol. All subjects were Caucasians. 

 
 
Plasma Pharmacokinetics:   
Figure 1 shows that the curves of radioactivity and Org 25969 overlap almost perfectly. This 
indicates that the radioactivity in plasma can be attributed almost exclusively to 14C-Org 25969 
and with limited radiolabelled metabolites of Org 25969 can be present in plasma. In the dose-
normalized concentration-time curves, Org 48302 also overlaps almost perfectly with Org 
25969, showing that these two compounds have identical PK profiles. 
 
A comparison of the AUC0-∞ of 14C and Org 25969 shows that, on average 99.9 % of the 
radioactivity in plasma can be attributed to Org 25969  (Table 1). 
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Table 1.  Summary of the PK parameters of radioactivity, Org 25969 and Org 48302. 

 

(b) (4)



 

NDA 22-225 
 (Sugammadex Sodium) 

Solution for Injection (100 mg/mL) 
Original NDA Review 

110

 
Urine/Feces/Expired Air 
Radiolabelled Org 25969 was excreted mainly via the kidneys. On average 96% of the 
radioactive dose was recovered in urine and less than 0.02% in either feces or expired air (Table 
2).  The accumulation curves of radioactivity and of Org 25969 in urine overlap to a large extent 
indicating that the excreted radioactivity in urine was mainly unchanged Org 25969 (Figure 2). 
The cumulative amount of Org 25969 recovered was 91.1% of the dose (Table 2). Based on 
these data, 95% of the radioactivity in urine can be attributed to Org 25969 and at most 5% can 
be present as metabolites. This shows that metabolism of Org 25969 is limited and that the 
compound is almost exclusively excreted via renal excretion as the unchanged product. 
 
On average >70 % of the radioactive dose was excreted within 6 hours and >90% within 24 
hours (Figure 2).  

 
The figure shows the data as percentage of the amount of the respective constituents. 
 
Table 2. Summary of urinary excretion of radioactivity, Org 25969 and Org 48302. 

Percentage of the dose recovered in urine (fe)   

Total Radioactivity Org 25969 Org 48302 
Subject 1 
Subject 2 
Subject 3 
Subject 4 
Subject 5 
Subject 6 
Mean ± SD 96.1 ± 9.2 91.1 ± 3.5 97.6 ± 9.9 
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Metabolic Profiling: 
The results from the consequent metabolic profiling (Study No. 050351) indicated higher 
percentage for metabolites (~30%) which may be confounded by the ex vivo conversion in 
plasma or urine (the samples were stored between 6 months to 1 year before analysis).  The study 
did, however, confirm that the presence of Org 48302 is not a metabolite of Org 25969. 
 
Conclusion: The mass balance study suggests that the elimination of sugammadex is mainly 
through renal excretion (fe~96%).  Excretion of radioactivity in feces and exhaled air was 
negligible as the cumulative amount excreted via these routes was less than 0.02% in all subjects. 
The metabolism of sugammadex is limited (~5%).  The plasma and urine profiles of 14C, Org 
25969 and Org 48302 were overlapping to a large degree.  
 
 

4.2.6 Renal Impairment Study 

Study 19.4.304: A multi-center, parallel group, comparative trial evaluating the efficacy, 
pharmacokinetics and safety of Org 25969 in subjects with normal or impaired renal function  
 
 
Study Period:   June 2005 to April 2006 
Sample Analysis Periods:  January 12, 2006 to June 13, 2006 
Analytical Site:   N.V. Organon, Molenstraat 110, 5342 CC Oss, The Netherlands  
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One single dose of 0.6 mg/kg rocuronium was to be administered.  At reappearance of T2, one 
single bolus dose of 2.0 mg/kg Org 25969 was to be administered.  Blood and urine samples for 
PK were to be taken at multiple time points. 
 
Plasma samples: 
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Urine samples: 

 
If the subject was undergoing dialysis between 0 and 72 h after administration of Org 25969, a 
pre- and post-dialysis blood sample for PK was to be taken. 
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Study Rationale: Because Org 25969 is mainly cleared via the kidneys, reduction in renal 
function will heavily affect the exposure to Org 25969. However, efficacy of Org 25969 is not 
based on its mere presence in the body, but on the formation of a stable complex with its target 
drug, rocuronium. Because no effect of renal function on this complex formation and hence on 
efficacy is anticipated, the sponsor took a reduced or staged study design with severe renal 
impairment patients and normal renal function patients in this study and investigated whether 
subjects with an impaired renal function need an adjusted dose of Org 25969 after administration 
of rocuronium. 
 
Sample Analysis: Rocuronium and Org 25969 in plasma and urine were to be determined using 
validated liquid chromatographic assay methods with mass spectrometric detection under the 
responsibility of the Department of Clinical Pharmacology and Kinetics, NV Organon, the 
Netherlands.  
 
Subjects:  The study was conducted at two trial sites in the Netherlands and one in the United 
Kingdom. The trial sites were located in Nijmegen and Liverpool. In total 30 subjects were 
enrolled; 15 renally impaired subjects and 15 control subjects. Each of the Nijmegen sites 
enrolled 13 subjects, and the Liverpool site enrolled four (4) subjects. The number of renally 
impaired versus control subjects was evenly distributed within the sites. All subjects received 2.0 
mg/kg of Org 25969 and completed the study.  The weight of the subjects ranged from 54 to 110 
kg. The height of the subjects ranged from 152 to 193 cm. Except for two Asian subjects in the 
renally impaired group, all subjects were Caucasian. Five (5) (17%) subjects were classified as 
ASA class 1, 11 (37%) as ASA class 2 and 14 (47%) as ASA class 3 (Table 1).  One (1) subject 
(Subject 102012, control group) was considered a major protocol violator due to poor recording.  
Consequently, all data for this subject were excluded from the PP (per-protocol) analysis. 
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Table 1.  Summary of demographics and other baseline characteristics by subject group 
and overall (AST group). 

 
 
Table 2.  Number and percentage of subjects exposed to anesthetics by subject group (AST 
group). 
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Results: 
 
Efficacy: 
Administration of 2.0 mg/kg Org 25969 at reappearance of T2 after an intubating dose of 0.6 
mg/kg rocuronium, resulted in a mean time from start of administration of Org 25969 to recovery 
of the T4/T1 ratio to 0.9 of exactly 2 minutes for the renally impaired subjects, and 1 min:39 sec 
for the control subjects (PP-group) (Table 3). 
 
Table 3.  Summary of the time (min:sec) from start of administration of Org 25969 to 
recovery of the T4/T1 ratio to 0.9 by subject group (PP group). 

 
 
For the PP analysis of the primary efficacy variable, the two-way full ANOVA model was 
applied, including subject group and center as factors. The estimated mean absolute difference in 
time from start of administration of Org 25969 to recovery of the T4/T1 ratio to 0.9 between 
renally impaired subjects and control subjects was +27.3 seconds. The corresponding 95% CI for 
this difference ranged from –10.9 to +65.5 seconds. The CI was not completely within the pre 
defined equivalence interval of -60 to +60 seconds and equivalence between the two subject 
groups according to the prespecified definition can therefore not be claimed.  Howevder, the 
additive model, excluding the subject group by center interaction, resulted in an estimated mean 
absolute difference in time from start of administration of Org 25969 to recovery of the T4/T1 
ratio to 0.9 between renally impaired subjects and control subjects of +20.1 seconds. The 
corresponding 95% CI for this estimate ranged from –12.1 to +52.3 seconds. The observed 95% 
CI lied entirely within the pre-defined equivalence interval of –60 to +60 seconds. 
 
According to protocol, a stage 2 of the trial should be performed in case no equivalence with 
respect to recovery from neuromuscular blockade between subjects with normal renal function 
and those with impaired renal function could be demonstrated. The objective of a stage 2 would 
be to investigate the optimal dose of Org 25969 in subjects with normal or impaired renal 
function. Given the results from Stage 1, a higher dose would not result in a clinically significant 
decrease in recovery time. Because a similar efficacy would be expected in Stage 2, it was not 
deemed necessary to continue the trial into Stage 2. 
 
Pharmacokinetics: 
Due to potential sample switching, four (4) subjects (101003 (control), 101004 (renally 
impaired), 102009 (control), 102010 (renally impaired)) were excluded from the PK analysis 
which therefore consisted of 26 subjects.  N=13 for each group. 
 
Median concentrations for Org 25969 and rocuronium are graphically presented in-text in Figure 
1. For those subjects in the renal impairment group with dialysis, the concentrations during and 
after dialysis were excluded from the descriptive statistics. 
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Curves based on n=13 subjects. 
 
During the first 60 minutes after dosing median plasma concentrations of Org 25969 were very 
similar in the control and renally impaired groups. At later time points plasma concentrations of 
Org 25969 showed a smaller decrease in the renally impaired group compared to the control 
group. A similar effect can be seen for rocuronium. 
 
The main pharmacokinetic parameters for Org 25969 and rocuronium summarized by group are 
presented in Table 4. 
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Table 4.  Summary of the plasma PK parameters of Org 25969 and rocuronium. 

 
dn = dose-normalized; wn = weight-normalized; Mean = geometric mean and CV(%) = geometric Coefficient of 
Variation (%). 
 
It should be noted that the percentage extrapolated in the (dn-)AUC of Org 25969 was quite large 
(median 52%) and variable, ranging between 4 and 88 %. This is in part caused by the long and 
variable half-lives observed in the renally impaired group. The fact that 9 subjects received 
hemodialysis also influenced the AUCextrapolated because the C-t curve was extrapolated from 
the start of hemodialysis. This start of hemodialysis was subject specific and well before the 
scheduled last sampling time of 48 h. The percentage extrapolated of the AUC of rocuronium 
was always below 25% in the renally impaired group, as a result of the faster elimination of 
rocuronium compared to Org 25969. 
 
The effect of renal impairment on PK parameters is smaller for rocuronium than for Org 25969. 
 
Correlation plots were made of individual CL and wn-CL against the creatinine clearance (see 
Figure 2 below). Regression analysis showed that the correlation of (wn-)CL and CLcr is highly 
significant. 
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Table 5. Summary of statistics evaluating the differences between PK parameters obtained 
from renally impaired subjects and control subjects. 

 
 
Dialysis Patients: 
Nine renally impaired subjects received hemodialysis within the first 72 h after surgery. Subject 
101004 (not in ASPE group) was dialyzed peritoneally. The individual dialysis rates and half-
lives of Org 25969 and rocuronium are listed in Tables 6 and 7. 
 

(b) (4)



 

NDA 22-225 
 (Sugammadex Sodium) 

Solution for Injection (100 mg/mL) 
Original NDA Review 

121

Table 6. Individual PK parameters for Org 25969 of subjects in the renal impairment 
group undergoing dialysis (All−Subjects−Pharmacokinetically−Evaluable group). 

 
Filtertype 1: High flux Filtertype 2: Low flux 
n.c.: Not calculable due to missing concentrations or PK outlier 
 
Table 7.  Individual PK parameters for Rocuronium of subjects in the renal impairment 
group undergoing dialysis (All−Subjects−Pharmacokinetically−Evaluable group). 

 
Filtertype 1: High flux Filtertype 2: Low flux 
n.c.: Not calculable due to missing concentrations or PK outlier 
 
The small number of subjects per filter type (3 or 4) and the limited sampling means that results 
must be viewed as preliminary. Dialysis half-lives were consistently lower for rocuronium than 
for Org 25969 for both low and high flux filters. Low flux filters appeared to be almost 
ineffective for removing Org 25969 from circulation as plasma levels appeared to be unaffected 
by dialysis in these four cases. High flux filters showed a variable effectiveness with uncorrected 
dialysis half-lives ranging between 5 and 27 hours (in 4 subjects). 
 
Urinary excretion of both rocuronium and Org 25969 was much slower in the renally impaired 
group than in the control group. This suggests that a collection interval of 0-72h is not long 
enough to determine complete urinary excretion of Org 25969 in renally impaired patients. In the 
case of rocuronium, a much smaller fraction of the dose was excreted renally in the renally 
impaired group than in the control group. 
 
The mean time from start of administration of rocuronium to reappearance of T2 was longer for 
the renally impaired subjects (53 min:49 sec) as compared to the control subjects (40 min:38 
sec). Mean T1 values at reappearance of T2 were 18.0% and 15.7% in the renally impaired and 
control group, respectively. 
 
Discussion and Conclusions: 
Administration of 2.0 mg/kg Org 25969 at reappearance of T2 after an intubating dose of 0.6 
mg/kg rocuronium, resulted in a mean time from start of administration of Org 25969 to recovery 
of the T4/T1 ratio to 0.9 of exactly 2 minutes for the renally impaired subjects, and 1 min:39 sec 
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for the control subjects (PP-group).  The results were considered comparable efficacy between 
the groups. 
 
In severely renally impaired patients the wn-CL of Org 25969 was reduced approximately 16-
fold and terminal t1/2 increased 15-fold compared to normal patients. The wn-Vss of Org 25969 
was increased 25% compared to normal patients. This resulted in prolonged exposure and a 17-
fold higher dn-AUC0-inf of Org 25969 in renally impaired patients. However, during the first 60 
minutes post administration of Org 25969 only a slight difference in plasma levels could be  
observed between the two groups.  
 
In severely renally impaired patients wn-CL of rocuronium was reduced approximately 
3.7-fold and terminal t1/2 increased 2.5-fold compared to normal patients. The wn-Vss of 
rocuronium was increased with 25% compared to normal patients. This resulted in prolonged 
exposure and a 4-fold higher dn-AUC0-inf of rocuronium (bound and unbound) in renally 
impaired subjects.  
 
The clearance of Org 25969 and to a lesser extent rocuronium showed a highly significant 
correlation with creatinine clearance, confirming the importance of renal elimination for the 
clearance of Org 25969. The much smaller effect of renal impairment on the t1/2 of rocuronium 
than on that of Org 25969 indicates that a substantial portion of rocuronium was eliminated via 
the liver, despite the presence of excess binding agent. 
 
Reviewer’s Note:  The mild and moderate renal impairment patients (CLcr between 30 and 80 
mL/min) were not studied in this study.  Mild and moderate renal impairment patients were 
studied in Study 305 where age was found to have not further effect on PK of Org 25969.  The 
data were used to derive the relationship between CL and CLcr.  An equation of 
CL=4.46(CLcr/88)0.941 was found to best describe the data (see PM review) and data for severe 
renal impairment patients were found to fit into the same relationship. 
 
Reference: 
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4.2.7  Study in Elderly 

Study 19.4.305: A multicenter, parallel group, comparative, phase IIIa trial to compare the 
efficacy, safety, and pharmacokinetics of Org 25969 in elderly subjects with adult subjects 
 
 
Study Period:   October 2005 to September 2006 
Sample Analysis Periods:  September 4, 2006 to January 12, 2007 
    Reanalysis: March 31, 2006 to April 19, 2006 
Analytical Site:   The Department of Bioanalytics-Oss,  Research and Development,  
    NV, Organon Oss, The Netherlands 
Investigator(s):  T. Sloan (103), N. Gravenstein (104), A. Kovac (105), T. Monk  
    (106), P. Benedict (108), S. Shenaq (109), L. Clark (110), N.  
    Brister (111), D. Drover (112), M. Naguib (113), R. Jones (114), J. 
    Wills (115), H. Minkowitz (117), M. Hudson (118)   
Study Centers:  14 sites in the U.S. 

 
Objective: To compare the efficacy of Org 25969 in elderly subjects with adult subjects. 
 
Secondary objectives: To compare the pharmacokinetics of Org 25969 in elderly subjects with 
adult subjects; to compare the safety of Org 25969 in elderly subjects with adult subjects. 
 
Methodology: This was a multicenter, parallel group, comparative, open label trial.  Subjects 
were to be selected from patients who were scheduled to undergo an elective surgical procedure 
under general anesthesia at the participating trial centers. 
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Several secondary variables.  
 

 
 
Blood samples for PK analysis were to be obtained from a subset of subjects at the following 
time points (per Amendment 1, dated October, 2005): 
• Prior to administration of intubation dose of rocuronium; 
• Immediately prior to administration of Org 25969 (i.e., when T2 was seen for the first time after 
the last dose of rocuronium); 
• At 2 minutes after start of administration of Org 25969; 
• At 5 minutes after start of administration of Org 25969; 
• At 15 minutes after start of administration of Org 25969; 
• At 60 minutes after start of administration of Org 25969; 
• At 4 – 6 hours after start of administration of Org 25969; 
• At the post-anesthetic visit: the following day after surgery, at least 10 hours after 
administration of Org 25969. 
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Study Rationale: It is known that the pharmacokinetics and pharmacodynamics of 
neuromuscular blocking agents such as rocuronium may vary as a function of age, where the 
clinical duration is significantly prolonged in elderly subjects compared to younger subjects 
(42.4 min vs. 27.5 min). It is also well established that the elderly have a diminished body water 
content and smaller cellular mass. Aging is also associated with diminution of the plasma 
clearance.  It is thus clear that the recovery time from a specific dose of rocuronium varies 
between the elderly and younger adult subjects. Previous studies have shown that Org 25969 can 
accelerate the time to full recovery in adult subjects. The current study was set up to explore 
whether the effect of Org 25969 was influenced by age. This trial allowed exploration of 
recovery times, pharmacokinetics, and safety following administration of Org 25969 in the 
different adult age groups. 
 
Sample Analysis: Org 25969 concentrations in human heparin plasma were determined using a 
liquid chromatographic assay with mass spectrometric detection (LC-MS) after solid phase 
extraction. 
 
Pharmacokinetic modeling was applied to the Org 25969 plasma concentrations to obtain 
estimates of the pharmacokinetic parameters clearance (CL) and volumes of distribution (Vc and 
Vss). The data was analyzed with the non-linear mixed effects modeling program NONMEM) 
using population analysis techniques. 
 
Subjects:  In total 162 subjects, 56 in the 18-64 age group, 64 in the 65-74 age group, and 42 in 
the 75+ age group, were enrolled. In total 150 subjects, 48 subjects in the 18-64 age group, 62 in 
the 65-74 age group, and 40 in the 75+ age group, were treated. In total, 149 subjects completed 
the trial: 48 in the 18-64 age group, 61 in the 65-74 age group, and 40 in the 75+ age group. It 
should be noted that 3 subjects in this trial were assigned incorrect subject i.d. numbers (Subject 
104201, age 63, Subject 112103, age 77 and Subject 112104, age 67). This does not affect any 
analyses, as the subjects were analyzed in their appropriate age groups.  For each individual, 
CLcr was calculated based on serum creatinine (s-Cr) determined before administration of 
rocuronium using the Cockcroft & Gault formula. 
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Table 2.  Number (%) of subjects exposed to different anesthetics, for each age group (All-
Subjects-Treated group). 

 
 
Results: 
Efficacy: 
Table 3 presents a summary of the time from the start of the administration of Org 25969 to 
recovery of the T4/T1 ratio to 0.9 by age group, for the ITT group. For this summary the observed 
recovery times were used as well as the imputed recovery times in case of missing times.  It was 
noticed that for 75+ age group, the recovery times were slower compared to those observed in 
the adult group and 65-74 age group. 
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Table 3.  Summary of the time (min:sec) from start of administration of IP to recovery of 
the T4/T1 ratio to 0.9 by age group (Intent-to-Treat group). 

 
*Subject 103203 (65-74 age group) received IP twice. The start of the first administration of IP is used as the start of 
administration of IP for this subject. 
 
Table 4 presents the times from the start of administration of Org 25969 to recovery of the T4/T1 
ratio to 0.9 for subjects who received only an intubating dose of rocuronium, and for subjects 
who received an intubating dose and at least one maintenance dose of rocuronium.  The 
exploratory analysis indicated that reversal of neuromuscular block by Org 25969 did not differ 
between subjects who received only an intubating dose of rocuronium compared to subjects who 
received at least one maintenance dose as well. 
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Table 4.  Summary of time (min:sec) from start of administration of Org 25969 to the T4/T1 
ratio to 0.9, for subjects who received an intubating dose and those who received 
maintenance doses of rocuronium, (Intent-to-Treat group). 

 
Note: Subject 103203, who was in 65-74 age group and received maintenance doses of rocuronium, received IP 
twice. The start of the first administration of IP is used as the start of administration of IP for this subject. 
 
Pharmacokinetics: 
The ASPE group consisted of a total of 75 subjects (24 subjects in the 18-64 age group, 32 
subjects in the 65-74 age group and 19 subject in the 75 and older age group). Subject 117311 
was removed from the ASPE group because of a protocol violation interfering with 
pharmacokinetics (dose of Org 25969: 20 mg/kg). 
 
Table 5. Summarized demographics by age group (ASPE). 

 
 
Final model: 
The Org 25969 plasma concentration-time data were best characterized by a three compartmental 
model with a zero order input and first order elimination from the central compartment, with 
(log-normally distributed) inter-individual variability on clearance CL, volume of central 
compartment Vc, volume of first peripheral compartment V2, inter-compartmental clearance Q2 
and apparent infusion time D1 and a combined proportional and additive residual error model.  
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Body weight, creatinine clearance and age were found to be significant covariates and were 
included in the final model as follows: 

 
The model parameters are presented in Table 6. 
 
Table 6.  Summary of the final pharmacokinetic model parameter estimates. 

 
* SE is the standard error, CV% is coefficient of variation (100*SE/pop.estimate), IIV (ω2) interindividual 
variability expressed as a variance, IIV% (100·√(IIV)). The CV of the proportional part of the residual error is 100·√ 
σ 1 and the SD of the additional part of the residual error is √ σ 2 µg/ml. Units of clearances were converted from 
L/h to L/min. 
 
The median values of the demographic parameters age, body weight and creatinine clearance per 
age group were used to calculate pharmacokinetic parameters (CL, Vc, Vss and t1/2_eff) for a 
typical subject in each age group with the final model (see Table 7). 
 
Table 7.  Derived pharmacokinetic parameters for a typical subject in each age group. 

 
Vss is calculated as Vss=Vc+V2+V3. t1/2_eff is calculated as t1/2_eff= ln(2)*(Vss/CL).  
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Conclusions:  The geometric mean time from administration of Org 25969 to recovery of the 
T4/T1 ratio to 0.9 was 2 min:16 sec (adult group), 2 min:34 sec (65-74 years), and 3 min:36 sec 
(≥ 75 years), respectively, when missing data were imputed.  In the adult group 85% of subjects 
and in the geriatric group 75% of subjects achieved the T4/T1 ratio recovery to 0.9 within 4 
minutes. There was not enough evidence to support equivalence between the two age groups 
based on the fact that the two-sided 95% confidence interval for the difference between the two 
age groups of the time from the start of administration of Org 25969 to recovery of the T4/T1 
ratio to 0.9 did not lie entirely within the range from -1 minute to +1 minute. 
 
An age-related decrease in clearance was observed. In the oldest age group (median age: 81 yr) 
clearance was decreased by 51% compared to the adult population (median age: 49 yr) and by 
32% compared to the intermediate age group (median age: 68 yr).  The decrease in clearance is 
attributed to decreased renal function with age.  The lower clearance resulted in longer half-lives 
in the elderly groups.  
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Introduction 
Reversal agents are often given to accelerate the recovery of drug-induced 
neuromuscular blockade (NMB).  Currently available reversal agents fall under the class 
of cholinesterase inhibitors like neostigmine, which prevent the normal hydrolysis of 
acetylcholine.  An ideal NMB reversal agent should have a faster onset of action than 
neostigmine, a mechanism of action preventing recurarization, the capability of 
reversing profound blockade, and minimal side effects. Cyclodextrins (CDs) are well-
known for their capability to form inclusion complexes with various drug molecules. 
Upon complexation with the neuromuscular blocking agent Esmeron® (rocuronium 
bromide), the cyclodextrin Org 25969 prevents the binding of rocuronium to nicotinic 
receptors in the neuromuscular junction, and hence results in reversal of neuromuscular 
blockade in vivo.  

Recommendations 
The Pharmacometrics group in Office of Clinical Pharmacology has reviewed the 
submitted information and has the following recommendations 
 

1. Sponsor should conduct a pharmacokinetic study of Org 25969 in patients with 
hepatic impairment. 

Comments to Medical Officer 
The reviewer has addressed the labeling claims based on PK/PD analysis of 
rocuronium, vecuronium and Org 25969 regarding 
 
(1) Displacement potential of rocuronium orvecuronium by a third drug. 
(2) Effect of Org 25969 on pharmacokinetics of a third drug (Example: Oral  
      contraceptives). 
(3) Waiting times before readministration of rocuronium, vecuronium in patients treated   
      with Org 25969 and rocuronium or Org 25969 and vecuronium. 
(4) Recovery times of T4/T1 ratio to 0.9 in subjects with hepatic impairment.  
(5) Dose adjustment in patients with renal impairment. 
(6) Effect of bodyweight on pharmacokinetics of Org 25969.  
 
Each issue is addressed individually followed by reviewer’s comments.  The proposed 
label has been edited to reflect the findings of the review. 
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Regulatory Issues 
The various dose finding studies for Org 25969 (Sugammadex) are discussed in 
Appendix-I.  The PK/PD modeling as conducted by the sponsor is discussed in 
Appendix-II.  The dose selection strategy is acceptable as robust drug effects are 
observed in registration trials as shown in Appendix-I.  The PK/PD model developed by 
the sponsor is acceptable and is used for various labeling statements. 
 
The review will focus on addressing the following issues: 
  
Issue 1 :  Displacement potential of rocuroniumor vecuronium from bound form to Org  
      25969 by other drugs and cause re-emergence of neuromuscular blockade 
Issue 2 :  Capturing potential of other drugs by Org 25969 and lowering effectiveness of   
                other drugs 
Issue 3 : Waiting times for re-administration of rocuronium or vecuronium in patients for       
intubation who were initially administered Org 25969 and rocuronium or Org       
25969 and vecuronium. 
Issue 4 :  Neuromuscular blockade reversal in patients with hepatic impairment 
Issue 5 :  Need for dose adjustment in patients with renal impairment 
Issue 6 :  Risk for QTc prolongation 
Issue 7 :  Body Weight effects on pharmacokinetics.  
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Issue 1 :  Displacement potential of rocuronium or  vecuronium from bound form 
to Org 25969 by other drugs and cause re-emergence of neuromuscular blockade 
 
 
The sponsor identified the potential for a third drug that can displace rocuroniumor 
vecuronium in bound form to Org 25969 using information derived from the following 
three steps: 
 
1.  Determination of in vitro binding association constant for the third drug to Org 25969. 
2.  Non-clinical interaction studies using in vitro tissue preparations. 
3.  Clinical trial simulations using a PK/PD model. 
 
The selection of the third drug was based on:  

• Whether it is commonly used in anesthesia or in emergency procedures. 
• Most commonly prescribed drugs. 
• Presence of steroidal structure. 

 
 
In vitro association rate constant for the third drug to Org 25969 
 
Figure 1 shows the ratio of association rate constant for other drugs (reference drug: 
Rocuronium) to Org 25969.  A ratio of 1 implies that the other drug and rocuronium 
have similar association rate constant.  Such drugs will displace rocuronium and 
vecuronium if sufficient free concentrations (after accounting for protein binding) are 
available.  For purposes of illustration, ratios less than equal to 0.01 are rounded off to 
0.  Drugs that have steroidal structure have higher association constant in comparison 
to others. 
 
Non-clinical interaction studies using in vitro tissue preparations 
 
The mouse hemi-diaphragm in vitro system was also used to investigate displacement. 
Using 17-OH-rocuronium (Association rate constant=27*106 L/mol in comparison to 
18*106 L/mol for rocuronium) it was shown that a compound with high affinity for Org 
25969 can displace rocuronium or vecuronium from its complex, resulting in 
reoccurrence of neuromuscular blockade (NMB).  Other drugs did not displace 
rocuronium as reflected in lack of reoccurrence of NMB in these studies. 
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Figure 1.  Ratio of in vitro association rate constants for various drugs (Reference: 
Rocuronium) to Org 25969.  A ratio of 1 corresponds to association rate constant equal 
for rocuronium.  Values less than 0.01 are rounded off to zero. 

Ratio of Association Constant

 (+)-TUBOCURARINE  
 5-HYDROXYTRYPTAMINE (SEROTONIN)  

 ACETAMINOPHEN (=PARACETAMOL)  
 ACETYLCHOLINE  

 ACYCLOVIR  
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 ADRENALINE 

 ALBUTEROL HEMISULFATE SALT  
 ALDOSTERONE  
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 ALLOPURINOL  
 ALPRENOLOL 

 AMILORIDE HCL  
 AMINOPHYLLINE  

 AMIODARONE  
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 AMLODIPINE BESYLATE  
 AMOXICILLIN  

 AMPICILLIN SODIUM SALT  
 ASPIRIN  

 ATENOLOL  
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 ATROPINE  
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 CAPTOPRIL  
 CARBAMAZEPINE  

 CARISOPRODOL  
 CEFAZOLIN SODIUM SALT  
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 CEFPROZIL- Z ISOMER  
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Ratio of Association Constant

 CITALOPRAM HYDROBROMIDE  
 CLARITHROMYCIN  

 CLINDAMYCIN  
 CLOMIPHENE CITRATE SALT  

 CLOMIPRAMINE  
 CLONAZEPAM  

 CLONIDINE  
 CLOTRIMAZOL  

 CODEINE SULFATE SALT  
 CORTISOL  

 CORTISONE 
 CROMOGLYCATE  

 CROMOGLYCIC ACID  
 CYCLOBENZAPRINE HCL  

 CYPROTERONE ACETATE  
 DANTROLENE  

 DESMOPRESSIN  
 DESOGESTREL  

 DEXAMETHASONE  
 DIAZEPAM  

 DICLOFENAC SODIUM SALT  
 DIGOXIN  

 DILTIAZEM  
 DIPHENHYDRAMINE HCL  

 DIPYRIDAMOLE  
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 DOBUTAMINE HCL  
 DOPAMINE  
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 DOXEPIN  
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 DROPERIDOL 
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 EPHEDRINE 
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 ESTRADIOL 
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 ETILIFRINE  
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Ratio of Association Constant

 FLECAINIDE ACETATE SALT  
 FLUCLOXACILLIN  

 FLUDROCORTISONE ACETATE  
 FLUMAZENIL 

 FLUNARIZINE DIHYDROCHLORIDE  
 FLUOXETINE HCL  

 FOLIC ACID  
 FORMESTANE  

 FOSINOPRIL 
 FUROSEMIDE  
 FUSIDIC ACID  
 GABAPENTIN  

 GABEXATE  
 GALLAMINE 

 GEMFIBROZIL  
 GENTAMYCIN  
 GESTODENE  

 GLIBENCLAMIDE  
 GLIPIZIDE  

 GLYBURIDE 
 GLYCOPYRROLATE  

 GRANISETRON  
 HALOPERIDOL  

 HISTAMINE  
 HYDRALAZINE HCL  

 HYDRO-CHLORO-THIAZIDE  
 HYDROCODONE BITARTRATE  

 HYDROCORTISONE 21-ACETATE  
 HYDROXYZINE DIHYDROCHLORIDE  
 HYOSCYAMINE HYDROCHLORIDE  

 IBUPROFEN SODIUM SALT  
 INDOMETHACIN  

 IPRATROPIUM BROMIDE  
 ISOPRENALINE  

 ISOSORBIDE DINITRATE  
 ISOSORBIDE MONONITRATE  

 KETAMINE  
 KETANSERIN  

 KETOROLAC TRIS SALT  
 LANSOPRAZOLE  
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 LEVODOPA  

 LEVOFLOXACIN  
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 LITHIUM CITRATE  
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Ratio of Association Constant

 L-THYROXINE SODIUM SALT  
 LOSARTAN  

 MECLIZINE DIHYDROCHLORIDE  
 MEDROXYPROGESTERONE ACETATE  

 METARAMINOL  
 METFORMIN HCL  

 METHOCARBAMOL  
 METHYLDOPA HCL  

 METHYLPHENIDATE HYDROCHLORIDE  
 METHYLPIPERIDINOPYRAZOLE  

 METHYLPREDNISOLONE 21-HEMISUCCINATE  
 METOCLOPRAMIDE  

 METOPROLOL TARTRATE SALT  
 METRONIDAZOLE  

 MIDAZOLAM 
 MIFEPRISTONE  

 MILRINONE  
 MIVACURIUM 

 MORPHINE  
 NABUMETONE  

 NALBUPHINE  
 NALMEPHENE  

 NALOXONE  
 NAPROXEN SODIUM SALT  

 NEOMYCIN  
 NEOSTIGMINE  

 NICARDIPINE  
 NIFEDIPINE 

 NITROFURANTOIN 
 NITROPRUSSIDE  

 NORADRENALINE (NOREPINEPHRINE)  
 NORETHINDRONE ACETATE  

 NORGESTIMATE  
 NORTRIPTYLINE HYDROCHLORIDE  

 OLANZAPINE  
 OMEPRAZOLE  

 ONDANSETRON  
 OXYCODONE  

 OXYTOCIN 
 PANCURONIUM BROMIDE  

 PAPAVERINE HYDROCHLORIDE  
 PENICILLIN G  

 PENTOBARBITAL SODIUM SALT  
 PETHIDINE  

 PHENAZOPYRIDINE HYDROCHLORIDE  
 PHENOBARBITAL SODIUM SALT  

 PHENTOLAMINE  
 PHENYTOIN SODIUM  

 PINDOLOL  

0.0 0.1 0.2 0.3
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Ratio of Association Constant

 PRAZOSIN  
 PREDNISOLONE  

 PROCAINAMIDE HYDROCHLORIDE  
 PROGESTERONE  

 PROMETHAZINE  
 PROPOFOL  

 PROPOXYPHENE HCL  
 PROPRANOLOL HYDROCHLORIDE  

 PYRIDOSTIGMINE  
 QUINIDINE SULPHATE SALT DIHYDRATE  

 RALOXIFENE HYDROCHLORIDE  
 RAMIPRIL  

 RANITIDINE 
 RAPACURONIUM  

 REMIFENTANIL  
 RESERPINE 

 RISPERIDONE  
 ROCURONIUM BROMIDE  

 SALBUTAMOL  
 SALMETEROL  
 SIMVASTATIN 

 SODIUM CROMOGLYCATE  
 SOTALOL  

 SPIRONOLACTONE  
 STREPTOMYCIN  

 SUCCINYLCHOLINE  
 SULFAMETHOXAZOLE  

 SULFASALAZINE  
 TAMOXIFEN CITRATE SALT  

 TEMAZEPAM  
 TERAZOSIN HYDROCHLORIDE  

 TESTOSTERONE 17-BETA-CYPRIONATE  
 THEOPHYLLINE  
 THIOPENTONE  

 TIBOLONE  
 TOBRAMYCIN SULFATE SALT  

 TOREMIFENE  
 TRAMADOL HYDROCHLORIDE  

 TRANEXAMIC ACID  
 TRAZODONE HYDROCHLORIDE  

 TRIAMCINOLONE DIACETATE  
 TRIAMTERENE  

 TRIMETHOPRIM  
 VALPROIC ACID  

 VANCOMYCIN HYDROCHLORIDE  
 VASOPRESSIN  

 VECURONIUM BROMIDE  
 VERAPAMIL  

 VITAMIN A  
 VITAMIN K1  
 WARFARIN  

 ZOLPIDEM TARTRATE  

0.0 0.2 0.4 0.6 0.8 1.0
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Clinical Trial Simulations Using a PK/PD Model 
The sponsor conducted clinical trial simulations to quantify the risk of reoccurrence of 
neuromuscular blockade (NMB) using a PK/PD model which incorporated: 

• Pharmacokinetics (PK) of Org 25969, rocuronium and vecuronium. 
• Pharmacokinetic-pharmacodynamic (PK-PD) relationship of rocuronium and 

vecuronium with regard to NMB as measured with the TOF  
(Train of Four) ratio. 

• The binding affinities of neuromuscular blocking agents (NMBAs) and other 
compounds for Org 25969 as determined by isothermal microcalorimetry. 

• The theoretical relationship describing the unbound concentration of a NMBA 
in a situation with a complexing agent (Org 25969) in the presence of a third 
drug competing for the complex. 

 
The risk of reoccurrence of NMB is determined by the following factors: 

• The higher the binding affinity of the third drug for Org 25969, the higher the 
risk of displacement. 

• The higher the plasma concentration of the third drug, the higher the risk of 
displacement. 

• The higher the plasma concentration of NMBA the higher the risk of clinically 
relevant displacement. 

• The lower the plasma concentration of Org 25969 the higher the risk of 
clinically relevant displacement. 

 
The last two factors, the concentrations of NMBA (rocuronium, vecuronium) and Org 
25969 were simulated using the PK model. The first two factors, concentration and 
association constant (KA) of compound X, are variable. The concentration of X that 
causes a clinically relevant displacement of NMBA from the complex was calculated. In 
this respect “clinically relevant” was defined as: causing a T4/T1 twitch ratio of the 
Train-of-Four (TOF) of less than 0.9 (TOF<0.9).  
 
Plasma concentrations of rocuronium and vecuronium were simulated for the following 
scenarios: 
1. Reversal at deep block of rocuronium: A dose of 1.2 mg/kg of rocuronium was 

followed after 15 minutes by a dose of 4.0 mg/kg of Org 25969. 
2.  Reversal at time to appearance of second twitch (T2) of rocuronium: A dose of 0.6  
     mg/kg of rocuronium was followed after 40 minutes by a dose of 2.0 mg/kg of Org  
     25969. 
3.  Reversal at deep block of vecuronium: A dose of 0.1 mg/kg of vecuronium was    
     followed after 15 minutes by a dose of 4.0 mg/kg of Org 25969. 
4.  Reversal at T2 of vecuronium: A dose of 0.1 mg/kg of vecuronium was followed after  
     44 minutes by a dose of 2.0 mg/kg of Org 25969. 
 
Table 1 lists the scenarios that were used for calculation of the critical combinations of 
KA and concentration for interacting drugs. 
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Table 1.  Scenarios for which the critical combinations of KA and concentration were 
calculated. 

 
At every timepoint after dosing of Org 25969 a different combination of NMBA and Org 
25969 exists. For every timepoint a line was calculated of critical combinations of KA 
and concentration of third drug.  The minimum KA value for every concentration of X 
was determined and plotted. 
 
Of the tested scenarios, the ones that are most sensitive to displacement are: 

• Rocuronium: scenario 3, low concentrations of Org 25969. 
• Vecuronium: scenario 6: the combination of low concentrations of Org 25969 

and high sensitivity to the NMBA. 
 
Figure 2 shows the critical KA values for these two scenarios.  Figure 2 also shows 
individual markers, each of which represents a particular drug with its combination of KA 
and Cmax.  Three compounds (toremifene, flucloxacillin and fusidic acid) are above the 
critical lines. The Cmax information was mainly obtained from databases (Drugdex and 
Martindale) and approved labels. In case more than one Cmax was found then the 
highest Cmax was used here. 
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• The time taken for return of T4/T1 ratio to 0.9 is longer in 2 out of 9 
patients taking tamoxifen and not taking tamoxifen. 

 
Patients taking Flucoxacillin (Table 5, Table 6, Table 7):   

• The time taken for return of T4/T1 ratio to 0.7, 0.8, 0.9 is similar in patients 
taking flucoxacillin and not taking flucoxacillin. 

 
Patients taking Fusidic Acid (Table 8, Table 9 and Table 10):   

• The time taken for return of T4/T1 ratio to 0.7, 0.8, 0.9 is similar in patients 
taking fusidic acid and not taking fusidic acid. 

 
 
 
Table 2.  Summary of time (Minutes:Seconds) taken to reach T4/T1 ratio of 0.7 in 
patients taking tamoxifen (Yes) or not taking tamoxifen (No) in various studies 
Study Tamoxifen 

(Yes/No) 
N T4/T1 Mean Standard 

Deviation 
209 No 39 0.7 2:31 2:13 
209 Yes 1 0.7 2:48 1:31 
209 No 40 0.7 1:10 0:28 
209 Yes 1 0.7 1:04  
301 No 80 0.7 8:49 7:50 
301 Yes 1 0.7 6:42  
303 No 53 0.7 1:18 0:39 
303 Yes 1 0.7 1:18  
304 No 29 0.7 1:19 0:26 
304 Yes 1 0.7 0.42  
305 No 142 0.7 2:00 1:07 
305 Yes 1 0.7 0:55  
309 No 37 0.7 1:08 0:22 
309 Yes 1 0.7 1:22  
310 No 33 0.7 1:26 0:30 
310 Yes 1 0.7 1:09  
312 No 50 0.7 1:02 0:16 
312 Yes 1 0.7 1:05   
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Table 3.  Summary of time (Minutes:Seconds) taken to reach T4/T1 ratio of 0.8 in 
patients taking tamoxifen (Yes) or not taking tamoxifen (No) in various studies 
Study Tamoxifen 

(Yes/No) 
N T4/T1 Mean Standard 

Deviation 

209 No 39 0.8 3:35 6:07 
209 Yes 1 0.8 3:18 1:52 
209 No 40 0.8 1:15 0:29 
209 Yes 1 0.8 1:04  
301 No 80 0.8 14:32 13:28 
301 Yes 1 0.8 11:42  
303 No 53 0.8 1:29 1:05 
303 Yes 1 0.8 1:48  
304 No 29 0.8 1:28 0:31 
304 Yes 1 0.8 0.42  
305 No 142 0.8 2:18 1:17 
305 Yes 1 0.8 1:10  
309 No 37 0.8 1:17 0:27 
309 Yes 1 0.8 1:22  
310 No 33 0.8 1:40 0:39 
310 Yes 1 0.8 1:24  
312 No 50 0.8 1:10 0:20 
312 Yes 1 0.8 1:05   

 
Table 4.  Summary of time (Minutes:Seconds) taken to reach T4/T1 ratio of 0.9 in 
patients taking tamoxifen (Yes) or not taking tamoxifen (No) in various studies 
Study Tamoxifen 

(Yes/No) 
N T4/T1 Mean Standard 

Deviation 
209 No 39 0.9 8:05 23:44 
209 Yes 1 0.9 4:25 3:07 
209 No 40 0.9 1:46 2:00 
209 Yes 1 0.9 1:19  
301 No 80 0.9 25:56 22:38 
301 Yes 1 0.9 15:42  
303 No 53 0.9 2:01 1:26 
303 Yes 1 0.9 14:18  
304 No 29 0.9 2:04 1:22 
304 Yes 1 0.9 1.27  
305 No 142 0.9 2:52 1:31 
305 Yes 1 0.9 1:10  
309 No 37 0.9 1:30 0:38 
309 Yes 1 0.9 1:37  
310 No 33 0.9 1:58 0:52 
310 Yes 1 0.9 6:24  
312 No 50 0.9 1:23 0:26 
312 Yes 1 0.9 1:20   
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Table 5.  Summary of time (Minutes:Seconds) taken to reach T4/T1 ratio of 0.7 in 
patients taking flucoxacillin (Yes) or not taking flucoxacillin (No) in various studies 
Study Flucoxacillin 

(Yes/No) 
N T4/T1 Mean Standard 

Deviation 
301 No 95 0.7 1:26 0:37 
301 Yes 1 0.7 0:57  
304 No 29 0.7 1:19 0:26 
304 Yes 1 0.7 0:42   

 
Table 6.  Summary of time (Minutes:Seconds) taken to reach T4/T1 ratio of 0.8 in 
patients taking flucoxacillin (Yes) or not taking flucoxacillin (No) in various studies 
Study Flucoxacillin 

(Yes/No) 
N T4/T1 Mean Standard 

Deviation 
301 No 95 0.8 1:42 0:48 
301 Yes 1 0.8 0:57  
304 No 29 0.8 1:28 0:48 
304 Yes 1 0.8 0:42   

 
 
Table 7.  Summary of time (Minutes:Seconds) taken to reach T4/T1 ratio of 0.9 in 
patients taking flucoxacillin (Yes) or not taking flucoxacillin (No) in various studies 
Study Flucoxacillin 

(Yes/No) 
N T4/T1 Mean Standard 

Deviation 
301 No 95 0.9 2:58 6:43 
301 Yes 1 0.9 1:12  
304 No 29 0.9 2:04 1:22 
304 Yes 1 0.9 1:27   

 
 
Table 8.  Summary of time (Minutes:Seconds) taken to reach T4/T1 ratio of 0.7 in 
patients taking fusidic acid (Yes) or not taking fusidic acid (No) in various studies 
Study Fusidic Acid 

(Yes/No) 
N T4/T1 Mean Standard 

Deviation 
208 No 38 0.7 2:17 0:57 
208 Yes 1 0.7 1:30  
309 No 37 0.7 1:23 0:30 
309 Yes 1 0.7 1:09   
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Table 9.  Summary of time (Minutes:Seconds) taken to reach T4/T1 ratio of 0.8 in 
patients taking fusidic acid (Yes) or not taking fusidic acid (No) in various studies 
Study Fusidic Acid 

(Yes/No) 
N T4/T1 Mean Standard 

Deviation 
208 No 38 0.8 2:49 1:24 
208 Yes 1 0.8 3:30  
309 No 37 0.8 1:33 0:39 
309 Yes 1 0.8 1:24   

 
Table 10.  Summary of time (Minutes:Seconds) taken to reach T4/T1 ratio of 0.9 in 
patients taking fusidic acid (Yes) or not taking fusidic acid (No) in various studies 
Study Fusidic Acid 

(Yes/No) 
N T4/T1 Mean Standard 

Deviation 
208 No 95 0.9 7:59 18:14 
208 Yes 1 0.9 4:30  
309 No 29 0.9 1:58 1:12 
309 Yes 1 0.9 1:39   

 
The reviewer’s analysis also focused on patients who had longer time to reversal of 
T4/T1 ratio of 0.9 or who experienced recurarization in clinical trials.  Other than study 
procedures that could have contributed to these observations it is possible that these 
findings are due to displacement of rocuronium or vecuronium from bound from to Org 
25969 by other medications.  The findings in this section are based on the clinical cases 
identified by Robert B. Shibuya (Medical Officer, Division of Anesthesiology, Analgesics 
and Rheumatology Drug Products, DAARP). 
Dr Robert Shibuya states in his review “This reviewer notes that two of the outliers in 
Study 303 experienced recurarization.  In addition Patient 310102003 received 
dexamethasone intraoperatively and was on tamoxifen and Patient 303106007 was also 
on tamoxifen.  Patient 301109001 was exposed to mometasone and betamethasone.  
Patient 302102101 was on intranasal beclomethasone.  Dexamethosone, mometasone, 
beclomethasone, and betamethasone are steroid hormones and tamoxifen is an 
estrogen receptor modulator.  These concomitant medications could have interfered 
with the action of Org25969…..” (For further details please refer to Dr Robert Shibuya’s 
review). 
Based on Dr Robert Shibuya’s comments, the reviewer conducted more analysis for the 
4 subjects identified above.  The issues of interest were 

• List of concomitant medications being taken by thepatients and their dose 
strength. 

• Timing of the concomitant medications relative to the time of dosing of 
rocuronium or vecuronium.  If the concomitant medications are given 
much later after Org 25969 administration i.e., when the unbound 
concentrations of Org 25969 are low, it is possible that the concomitant 
medications might displace bound rocuronium or vecuronium.  Also if the 
patients are taking drugs that can bind to Org 25969 as a part of ongoing 
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therapy, then it is likely that these patients might have longer time to offset 
due to lack of unbound Org 25969 to bind to rocuronium or vecuronium. 

 
Figure 3Error! Reference source not found., Figure 4, Figure 5 and Figure 6 show the 
time to recovery of T4/T1 ratio along with list of concomitant medications (MEDC), route 
of administration (MEDROUF), date of start of concomitant medication (MEDBEGD), 
date of end of concomitant medication (MEDEND), if the concomitant medication is a 
part of ongoing treatment (MEDONGX), time of administration of concomitant 
medication (MEDBGT) and the dose of concomitant medication (MEDDOSE).  Shown in 
these figures is also relevant demographic information  on these patients, if they are 
older or if they have renal impairment. 
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Figure 3.  Time course of T4/T1 ratio in Subject 303106007 in Study 19.4.303 who 
experienced recurarization indicating possible displacement of rocuronium from bound 
form to Org 25969 if study procedures are not the contributory factors. Also shown in the 
table below are the concomitant medications administered to the patient along with the 
timing of the medications. Shown also are the study date, dose and other information of 
the patient. 

Study 303, SUB 303106007
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Recurarization

 
 

MEDC MEDROUF MEDBEGD MEDEND MEDONGX MEDBGT MEDDOSE 
ZOLADEX SC   X  3.6
TAMOXIFEN PO 9-Aug-2004  X 22:00 10
MIDAZOLAM IV 16-Mar-2006 16-Mar-2006  8:52 2
MIDAZOLAM IV 16-Mar-2006 16-Mar-2006  8:56 2
MIDAZOLAM IV 16-Mar-2006 16-Mar-2006  9:01 1
LIDOCAINE IV 16-Mar-2006 16-Mar-2006  9:03 60
EPHEDRINE IV 16-Mar-2006 16-Mar-2006  9:08 5
CEFAZOLIN IV 16-Mar-2006 16-Mar-2006  9:11 1
EPHEDRINE IV 16-Mar-2006 16-Mar-2006  9:19 5
ONDANSETRON IV 16-Mar-2006 16-Mar-2006  10:10 4
MARCAINE TO 16-Mar-2006 16-Mar-2006  10:28 0.5
EPINEPHRINE TO 16-Mar-2006 16-Mar-2006  10:28 1/200.000 
POLYMYXIN TO 16-Mar-2006 16-Mar-2006  10:28 1
VANCOMYCIN 
IRRIGATION TO 16-Mar-2006 16-Mar-2006  10:28 1
MORPHINE IV 16-Mar-2006 16-Mar-2006  11:30 3
PERCOCET PO 16-Mar-2006 16-Mar-2006  15:00 1
PERCOCET PO 16-Mar-2006 16-Mar-2006  16:20 1
ANCEF IV 16-Mar-2006 16-Mar-2006  17:00 1
PERCOCET PO 16-Mar-2006 16-Mar-2006  17:30 1
CELEBREX PO 16-Mar-2006 16-Mar-2006  18:30 1

Study Date: 16-Mar-
2006 
 
Dose Group:  
Rocuronium 1.2 
mg/kg/Org 25969 16 
mg/kg 
 
Age:  48 years 
 
Bodyweight: 58.2 kg 
 
No significant renal 
dysfunction 
 
Gender: Female 
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Figure 4.  Time course of T4/T1 ratio in Subject 310102003 in Study 19.4.310 who 
experienced a delay in recovery to T4/T1 ratio of 0.9 indicating possible displacement of 
rocuronium from bound form to Org 25969 if study procedures are not the contributory 
factors. Also shown in the table below are the concomitant medications administered to 
the patient along with the timing of the medications. Shown also are the study date, dose 
and other information of the patient. 

Study 310, SUB 310102003
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MEDC MEDDOSE MEDROUF MEDBEGD MEDEND MEDONGX MEDBGT 
ATENOLOL 50 PO 1-Jan-2002 18-Apr-2006   
LISINOPRIL 20 PO 1-Jan-2002 18-Apr-2006   
TAMOXIFENO 20 PO 27-May-2003 18-Apr-2006   
AUGMENTINE 1 IV 19-Apr-2006 19-Apr-2006  8:30
CLEXANE 40 SC 19-Apr-2006 24-Apr-2006  8:30
MIDAZOLAM 1.5 IV 19-Apr-2006 19-Apr-2006  8:45
ONDANSETRON 8 IV 19-Apr-2006 19-Apr-2006  9:45
SALBUTAMOL 300 IH 19-Apr-2006 19-Apr-2006  10:00
DEXAMETASONA 8 IV 19-Apr-2006 19-Apr-2006  10:05
MORFINE 30 IV 19-Apr-2006 19-Apr-2006  12:25
OMEPRAZOL 40 IV 19-Apr-2006 20-Apr-2006  20:00
PERFALGAN 1 IV 19-Apr-2006 21-Apr-2006  23:59
ONDANSETRON 4 IV 20-Apr-2006 20-Apr-2006  8:00
TARDYFERON 80 PO 21-Apr-2006 26-Apr-2006  20:00
ATENOLOL 50 PO 22-Apr-2006  X 8:00
LISINOPRIL 20 PO 22-Apr-2006  X 8:00
TAMOXIFEN 20 PO 22-Apr-2006  X 13:00
OMEPRAZOL 40 PO 22-Apr-2006 25-Apr-2006  20:00 

 

Study Date: 19-Apr-2006 
 
 
Dose Group:  
Rocuronium 0.6 
mg/kg/Org 25969 2 mg/kg 
 
Age: 58 years 
 
Bodyweight: 114 kg 
 
No significant renal 
dysfunction 
 
Gender: Female 
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Figure 5.  Time course of T4/T1 ratio in Subject 301109001 in Study 19.4.301 who 
experienced a delay in recovery to T4/T1 ratio of 0.9 indicating possible displacement of 
vecuronium from bound form to Org 25969 if study procedures are not the contributory factors. 
Also shown in the table below are the concomitant medications administered to the patient 
along with the timing of the medications. Shown also are the study date, dose and other 
information of the patient. 

Study 301, SUB 301109001
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MEDC MEDDOSE MEDROUF MEDBEGD MEDEND MEDONGX MEDBGT 
MOMETASON 
FUROAT 100 IN   X  
MIDAZOLAM 2 IV 12-Dec-2005 12-Dec-2005  7:10
ACETAMINOFEN 2 PO 12-Dec-2005 12-Dec-2005  7:10
EPHEDRIN 35 IV 12-Dec-2005 12-Dec-2005  7:45
MARCAIN ADR. 10 
U/ML 100 OTH 12-Dec-2005 12-Dec-2005  8:45
BETAMETASON 8 IV 12-Dec-2005 12-Dec-2005  9:30
DROPERIDOL 0.5 IV 12-Dec-2005 12-Dec-2005  11:00
KETOROLAC 15 IV 12-Dec-2005 12-Dec-2005  11:40
ACETAMINOFEN 1 IV 12-Dec-2005 12-Dec-2005  13:00
ACETAMINOFEN 0.5 PO 12-Dec-2005 12-Dec-2005  19:00
ACETAMINOPHEN 0.5 PO 13-Dec-2005  X 12:00 

 

Study Date: 12-Dec-2005 
 
 
Dose Group:  
Vecuornium 0.1 mg/kg/Org 
25969 2 mg/kg 
 
Age: 47 years 
 
Bodyweight: 114 kg 
 
No significant renal 
dysfunction 
 
Gender: Female 
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Figure 6.  Time course of T4/T1 ratio in Subject 302102101 in Study 302 who experienced a 
delay in recovery to T4/T1 ratio of 0.9 indicating possible displacement of vecuronium from 
bound form to Org 25969 if study procedures are not the contributory factors. Also shown in 
the table below are the concomitant medications administered to the patient along with the 
timing of the medications. Shown also are the study date, dose and other information of the 
patient. 

Study 302, SUB 302102101
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MEDC MEDDOSE 
MEDRO
UF MEDBEGD MEDEND MEDONGX MED

COD LIVER OIL 1 PO  12-Sep-2006   
IRON SUPPLEMENT UNK PO  12-Sep-2006   
BECONASE NASAL SPRAY 1 IN EACH NOSTRIL IH  13-Sep-2006   
MIDAZOLAM 2 IV 13-Sep-2006 13-Sep-2006  1
KETZOL 1 IV 13-Sep-2006 13-Sep-2006  1
TORADOL 30 IV 13-Sep-2006 13-Sep-2006  1
ZOFRAN 4 IV 13-Sep-2006 13-Sep-2006  1
DEMEROL 12.5 IV 13-Sep-2006 13-Sep-2006  1
DEMEROL 12.5 IV 13-Sep-2006 13-Sep-2006  1
FENTANYL 50 IV 13-Sep-2006 13-Sep-2006  1
FENTANYL 50 IV 13-Sep-2006 13-Sep-2006  1
MORPHINE 19.49 IV 13-Sep-2006 14-Sep-2006  1
POTASSIUM CHLORIDE 20 IV 13-Sep-2006 13-Sep-2006  1
CALCIUM GLUCONATE 2 IV 13-Sep-2006 13-Sep-2006  2
FAMOTIDINE 20 IV 13-Sep-2006 15-Sep-2006  2
ONDANSETRON 4 IV 13-Sep-2006 13-Sep-2006  2
ONDANSETRON 4 IV 13-Sep-2006 13-Sep-2006  2
KETOROLAC 75 IV 14-Sep-2006 14-Sep-2006  
POTASSIUM CHLORIDE 20 IV 14-Sep-2006 14-Sep-2006  
CALCIUM 3.75 PO 14-Sep-2006 14-Sep-2006  1 

Study Date: 09-Sep-2006 
 
 
Dose Group:  
Vecuornium 0.1 mg/kg/Org 
25969 4 mg/kg 
 
Age: 54 years 
 
Bodyweight: 70.3 kg 
 
No significant renal 
dysfunction 
 
Gender: Male 
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As can be seen from Figure 4, Figure 5 and Figure 6, patients were being treated with 
coricosteroids.  The number of patients in Studies 19.4.301 and 19.4.302 (From 
Integrated Summary of Safety, 5.3.5.3.28, ISS-appendix-a Tables) on concomitant 
medications such as Corticosteroids, Progrestogens, Estrogens, Glucocorticoids are 
shown in Error! Reference source not found.Table 11.  The sponsor used different 
ATC codes for drugs such as Budesonide (A) A07EA Corticosteroids for local use (B) 
D07AC Corticosteroids, potent (group iii) (C) H02AB Glucocorticoids (D) R01AD 
Corticosteroids (E) R03BA Glucocorticoids and hence these are reflected in more than 
one line in Table 11. 
  
Table 11.  Number of patients in Phase III controlled studies 19.4.301 and 19.4.302 
whose ongoing concomitant medications such as corticosteroids, glucocorticoids, 
progestogens, estrogens.. 
Drug Class No.(%) of adult subjects in Phase III 

controlled studies 19.4.301 and 19.4.302 
by ongoing concomitant medication.. 
 

Corticosteroids, weak 0/179 
Corticosteroids, potent 2/179 
Corticoteroids, very potent 1/179 
Progestogens and estrogens, fixed 
combinations 

2/179 

Natural and semisynthetics estrogens, 
plain 

7/179 

Progestogens and estrogens, 
combinations 

1/179 

Progestogens and estrogens, sequential 
preparations 

0/179 

Glucocorticoids 6/179 
Corticosteroids 4/179 
Glucocorticoids 3/179 
Corticosteroids, plain 2/179  

 
Although the number of patients being treated with drugs such as corticosteroidsis few, 
corticosteroids might contribute to the delay in recovery of T4/T1 ratio to 0.9 due to their 
binding potential to Org 25969.  In animal studies where 3 mg/kg Org 25969 was 
administered 15 minutes after vecuronium administration followed by 20 mg/kg i.v 
methylprednisolone 9 min later, small re-occurrence of neuromuscular block in two of 
the four animals, resulting in an average decrease in twitch height of 17% after 0.4 ± 0.1 
min (Figure 7). 
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Figure 7.  Induction of block of M. gastrocnemius contractions with a vecuronium 
infusion and recovery with a sub-optimal dose of Org 25969 (3 mg/kg), followed by an 
i.v. bolus of 20 mg/kg methylprednisolone. 

 
 
 
Based on the evidence of in vitro affinity bindings between Org 25969 (  and 
other drugs, preclinical experiments and simulations, the sponsor states the following in 
the label: 
 
Labeling Claims 
 
7.1 Interactions Potentially Affecting the Use of ™ 
Toremifene 
For toremifene, which has a relatively high affinity  relatively high plasma 
concentrations, some displacement of vecuronium or rocuronium from the complex with 

 could occur. The recovery to  ratio of 0.9 could therefore be delayed in 
patients who have received toremifene on the same day of surgery.   
 
Reviewer’s Comments 
Typical language in drug labels for drug-drug interactions is based on evidence from In 
vivo studies which are designed to quantify the effect of an enzyme or from across 
clinical studies using population pharmacokinetic analysis methods.  However, in the 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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current submission due to the nature of interaction between Org 25969 and other drugs 
being most likely due to complexation and rather than enzyme-mediated such as P450 
enzymes, etc, sponsor evaluated most likely scenarios using in vitro data as well as 
simulations.. The current simulations do not consider protein binding of the third drug 
which can still lower the interaction potential.   
Due to a lack of adequate number of patients taking these concomitant medications and 
also considering the fact that the patients are on multiple drugs, it is not possible to 
confirm the findings of PK/PD simulations using clinical trials database. 
However, based on available data from patients in clinical trials being treated with 
tamoxifene and the observation that 2 patients had longer recovery times, it is probably 
reasonable to include language in the label describing probable interaction with 
toremifene which is a chlorinated derivative of tamoxifene.  The label should also 
probably state about possible interaction with drugs that have steroidal structure which 
can also potentially bind to Org 25969.  As of note, two other drugs that showed 
interaction potential by the model, flucloxacillin and fusidic acid, are not marketed in the 
U.S. so the proposed labeling does not include them. 
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Issue 2 :  Capturing potential of other drugs by Org 25969 and lowering 
effectiveness of other drugs 
 
Org 25969 shows affinity for steroids due to its molecular structure.  For details of 
association constants refer to Figure 1.  Among the steroids Org 25969 shows the 
highest affinity for etonogestrel (ENG), being the active metabolite of desogestrel 
(DSG), which is used as a progestogen in Marvelon®/Desogen®. Therefore, the effect 
of Org 25969 on the pharmacokinetics (PK) of ENG was evaluated using the PK 
characteristics for rocuronium, Org 25969 and ENG. 
 
Scenario 1 
After 14 days once daily administration of 150 µg DSG + 30 µg EE 
(Marvelon®/Desogen®), 0.6 mg/kg rocuronium was administered 0.9 hr after 
administration of Marvelon®/Desogen® on day 14.  Twenty minutes thereafter 0, 1, 2, 4, 
6, 8 or 16 mg/kg Org 25969 was administered to reverse rocuronium-induced NMB. 
 
Scenario 2 
After 14 days once daily administration of 150 µg DSG + 30 µg EE 
(Marvelon®/Desogen®), 0.6 mg/kg rocuronium was administered 6 hr after 
administration of Marvelon®/Desogen® on day 14.  Twenty minutes thereafter 0, 1, 2, 4, 
6, 8 or 16 mg/kg Org 25969 was administered to reverse rocuronium-induced NMB. 
 
Figure 8 shows the effect of 0 - 16 mg/kg Org 25969 administrated 20 minutes after 0.6 
mg/kg rocuronium on the PK of unbound etonogestrel using dynamic equilibrium model. 
150 µg etonogestrel was administered daily for 14 days. Rocuronium was administered 
(A) 0.9 h (B) 6 hr after administration of etonogestrel on day 14. 
 
Figure 8.  Effect of 0 - 16 mg/kg Org 25969 administrated 20 minutes after 0.6 mg/kg 
rocuronium on the pharmacokinetics of unbound etonogestrel. 150 µg etonogestrel was 
administered daily for 14 days. Rocuronium was administered (A) 0.9 h (B) 6 hr after 
administration of etonogestrel on day 14. 

 
(A) 

 
(B)  
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Table 12 and Table 13 show the effect of Org 25969 administration on the area under 
the curve (AUC) of etonogestrel plasma concentration that is not bound to Org 25969. 
 
Table 12.  Effect of 1 – 16 mg/kg Org 25969 administered 20 minutes after 0.6 mg/kg 
rocuronium on the AUC[0-24] of the unbound etonogestrel concentration. Rocuronium 
was administered 0.9 hr after administration of etonogestrel on day 14 (Scenario 1). 
 
Dose Org 25969  
(mg/kg)  

AUC[0-24 h]  
(µg*min/L)  

Rel. Difference  
from placebo (%)  

0  2733.2  0  
1  2448.4  -10.42  
2  2195.3  -19.68  
4  1808.0  -33.85  
6  1550.0  -43.29  
8  1376.1  -49.65  
16  1045.9  -61.73   

 
 
Table 13.  Effect of 1 – 16 mg/kg Org 25969 administered 20 minutes after 0.6 mg/kg  
rocuronium on the AUC[0-24] of the unbound etonogestrel concentration. Rocuronium 
was administered 6 hr after administration of etonogestrel on day 14 (Scenario 2). 
 
Dose Org 25969  
(mg/kg)  

AUC[0-24 h]  
(µg*min/L)  

Rel. Difference  
from placebo (%)  

0  2733.2  0  
1  2573.0  -5.86  
2  2429.0  -11.13  
4  2204.3  -19.35  
6  2049.8  -25  
8  1941.9  -28.95  
16  1720.6  -37.05   

 
The sponsor states: 

• Administration of 2 mg/kg Org 25969, 20 minutes (0.9 hr) after administration 
of 0.6 mg/kg rocuronium in Scenario 2, results in a decrease in AUC[0-24] by 
11% relative to the AUC[0-24] of etonogestrel without Org 25969.  

• When rocuronium and 2 mg/kg Org 25969 are administered around Tmax of 
etonogestrel (Scenario 1) the AUC[0-24] is decreased by 20%.  

• The anti-conceptive action of Marvelon®/Desogen® is still guaranteed when a 
user is less then 12 hours late in taking a dose.   

• It can be calculated that, for a typical subject of 70 kg, the AUC calculated 
from 12 hours before to 12 hours after a scheduled dose of 
Marvelon®/Desogen® the AUC drops with 32.7% when that dose is taken 12 
hours too late as shown in Figure 9. 
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• Take it as soon as you remember. Take the next pill at your regular time. This means you take 2 
pills in 1 day. 

• You do not need to use a back-up birth control method if you have sex. 

 
Based on reasons that (A) Molar concentrations of rocuronium are higher than that of 
etonogestrel (B) Lower dissociation rate constant of etonogestrel in comparison to 
rocuronium (C) Caution to the patients that additional steps for ensuring adequate 
effectiveness of on-going contraceptive use, the proposed language is acceptable. 
 
 

(b) (4)



 

NDA 22-225 
 (Sugammadex Sodium) 

Solution for Injection (100 mg/mL) 
Original NDA Review 

166

Issue 3: Waiting times for re-administration of rocuronium in patients for 
intubation who were initially administered Org 25969 and rocuronium 
 
Currently, there is no clinical experience on the waiting time for re-administration of 
rocuronium in patients for intubation who are initially administered Org 25969 and 
rocuronium.  When Org 25969 is still present in the circulation, the effectiveness of the 
re-treatment with NMBA may be affected, to a degree depending on the dose of Org 
25969 administered and on the time between reversal and re-treatment with NMBA.  
Based on the half-life of Org 25969, molar concentrations of Org 25969, rocuronium, 
vecuronium, the waiting times were derived.  The basis for proposed waiting times for 
rocuroniun and vecuronium is discussed below: 
Rocuronium 
• For rocuronium, the re-administration will be effective when the surplus in moles of 

rocuronium versus Org 25969 is approximately equivalent to the standard intubating 
dose of 0.6 mg/kg rocuronium. In that case onset time can be expected to be 
essentially similar to that after a standard intubating dose of 0.6 mg/kg.  

• The molecular weight of rocuronium is 609.70 while the molecular weight of Org 
25969 is 2178.  Hence, in terms of moles (Weight in Grams/Molecular Weight) a 1.2 
mg/kg dose of rocuronium is equivalent to 4 mg/kg of Org 25969.   

Vecuronium 
• The molecular weight of vecuronium is 637.74 which is similar to that of rocuronium 

(609.70).   
• The vecuronium dose used for intubation (0.1 mg/kg) is lower than rocuronium 

doses used for intubation (0.6 to 1.2 mg/kg).   
 
Table 14 shows the calculations for the waiting times for dosing of 0.6 mg/kg 
rocuronium, 1.2 mg/kg rocuronium and 0.1 mg/kg vecuronium. 
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• The half-life of Org 25969 in normal patients is approximately 2 hours. In patients 

with severe renal impairment the half-life of Org 25969 is 27 hours.  In elderly 
patients with normal, mild and moderate renal function the half-life of Org 25969 is 
approximately 3, 4 and 5 hours respectively. Hence, the waiting times for 
readministration of rocuronium in mild and moderate renal impairment need to be 
doubled and tripled respectively (Table 17).   

(b) (4)

(b) (4)
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Issue 4: NMB reversal in patients with hepatic impairment 
 
The sponsor did not evaluate pharmacokinetics of Org 25969 in patients with hepatic 
impairment.  The pharmacokinetics of rocuronium was evaluated in 10 normal subjects 
and 9 patients with alcoholic liver cirrhosis (Organon study P021-009).  The study 
showed that the pharmacokinetic parameters of rocuronium are altered in the presence 
of severe liver impairment as shown in Table 18.  Using the PK/PD model with the 
assumptions of PK changes for rocuronium and/or Org 25969, the sponsor simulated 
the recovery time of T4/T1 to 0.9 for the following scenarios 
 
Scenario 1: Org 25969 administration 3 minutes after rocuronium 
Following an iv bolus dose of 0.6 or 1.2 mg/kg rocuronium, 12, 16 or 20 mg/kg Org 
25969 was administered iv 3 minutes after rocuronium administration. 
 
Scenario 2: Org 25969 administration 15 minutes after rocuronium 
Following an iv bolus dose of 0.6 or 1.2 mg/kg rocuronium, 2, 4 or 8 mg/kg Org 25969 
was administered iv 15 minutes after rocuronium administration. 
 
Scenario 3: Org 25969 administration at reoccurrence of T2 
Following an iv bolus dose of 0.6 or 1.2 mg/kg rocuronium, 2 or 4 mg/kg Org 25969 was 
administered iv at reoccurrence of T2. 
 
Table 18.  Summary of observed PK changes for rocuronium in patients with severe 
hepatic impairment relative to normal.  Shown are assumptions of PK changes for Org 
25969 in subjects with hepatic impairment. 
 CL Vc Vp1 Vp2 
Rocuronium PK changes in 
hepatic impairment relative 
to normal 

 
↓ 21% 
 

 
↑ 52% 

 
↑ 74% 

 
↑ 141% 

Org 25969 PK changes in 
hepatic impairment relative 
to normal 

 
↔ 

 
↔ 

 
↔ 

 
↔ 

Org 25969 PK changes in 
hepatic impairment relative 
to normal 

 
↔ 

 
↑ 52% 

 
↑ 74% 

 
↑ 141% 

 
 
The PK/PD model for rocuronium links the first peripheral compartment concentrations 
to the TOF ratio.  Due to increase in volume of distribution of rocuronium and Org 25969 
into central and second peripheral compartment, one would expect that the 
concentrations in the first peripheral compartment would be lower in patients with 
hepatic impairment.  The onset will be slightly delayed.  With lower concentrations of  
Org 25969 to bind to rocuronium due to greater distribution volume, the recovery will be 
slower which is dependent on (A) Dose of Org 25969 (B) Time between the 
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Issue 5: Need for dose adjustment in patients with renal impairment 
 
The sponsor evaluated the effects of renal function on the PK and PD of Org 25969 in 
two studies. 
 
Study 19.4.304:  

• A multi-center, parallel group, comparative trial evaluating the efficacy, 
pharmacokinetics and safety of Org 25969 in subjects (N=30) with normal 
(≥ 80mL/min, N=15) or severely impaired renal function (< 30 mL/min, 
N=15). 

• Dose: 0.6 mg/kg bolus dose of rocuronium.  A 2 mg/kg dose of Org 25969 
was administered at reappearance of T2. 

• Administration of 2.0 mg/kg Org 25969 at reappearance of T2 after an 
intubating dose of 0.6 mg/kg rocuronium, resulted in a mean time from 
start of administration of Org 25969 to recovery of the T4/T1 ratio to 0.9 of 
2 minutes for the severely renally impaired subjects, and 1 min:39 sec for 
the control subjects. 

 
Study 19.4.305:  

• A multicenter, parallel group, comparative, phase IIIa trial to compare the 
efficacy, safety, and pharmacokinetics of Org 25969 in elderly subjects (65 
years old to 74 years old; N=60), and 75 years and older; N=40) with adult 
subjects(18 years old to 64 years old; N=40). 

• Dose: 0.6 mg/kg bolus dose of rocuronium.  A 2 mg/kg dose of Org 25969 
was administered at reappearance of T2. 

• The mean time from administration of Org 25969 to recovery of the T4/T1 
ratio to 0.9 was 2 min:16 sec (adult group) and 2 min:56 sec (geriatric 
group), respectively.  The results in various subgroups are shown in Table 
20 below using imputed data and complete cases.  The recovery time in 
patients who are 75 years and older is slightly longer than other age 
groups. 
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Issue 7 :  Body Weight Effects on PK in the label based on population 
pharmacokinetic  analysis. 
 
Sponsor analyzed the influence of body weight on the pharmacokinetics of Org 25969 
using population PK approach.  Figure 14 shows the effect of bodyweight on the 
clearance and volume of distribution of central compartment in Study 19.4.305.  No 
clear weight effect can be seen on the PK parameters of Org 25969. 
 
Figure 14.  Relationship between clearance, volume of distribution and body weight in 
Study 19.4.305. 
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The inclusion of bodyweight as a covariate reduced the intersubject variability in 
clearance from 41% to 38%.  The intersubject variability of volume of distribution of 
central compartment changed from 43% to 46% after inclusion of bodyweight as 
covariate. 
 
Figure 15 shows the relationship between clearance, volume of distribution and 
bodyweight in Study 19.4.309.  The inclusion of body weight as a covariate did not 
reduce the intersubject variability (14 vs 13%) of clearance. 
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Figure 15.  Relationship between clearance, volume of distribution and body weight in 
Study 194305. 
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Labeling Claim 

 
Reviewer Comments 
The reviewer is in agreement with the proposed language in the label. 

(b) (4)

(b) (4)
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Appendix-I 

Dose Selection 
Sponsor conducted several Phase-II studies to aid in selection of doses for the Phase-
III trials as shown in Table 21.  The primary endpoint in the studies was time to recovery 
of T4/T1 to 0.9. 
 
Table 21.  List of Studies that Evaluated Dose-Response of Org 25969 
Study Patient 

Population 
(Years) 

Rocuronium Dose Comments 

19.4.101 18-40 0.6 mg/kg Org 25969 was administered 
3 min after a single dose of 
rocuronium. 

19.4.201 18-64 0.6 mg/kg Org 25969 was administered 
at time of reappearance of 
T2. 

19.4.202 18-64 0.6 mg/kg Org 25969 was administered 
3, 5 or 15 minutes after a 
single dose or rocuronium. 

19.4.203 19-76 0.6 mg/kg followed by 
maintanence dose 

Org 25969 was administered 
at time or reappearance of 
T2 following profound 
blockade. 

19.4.204 >18 0.6 mg/kg or 1.2 
mg/kg with 
maintanence dose 

Org 25969 was administered 
at 1-2 PTC after rocuronium 
administration. 

19.4.205 18-64 1.2 mg/kg Org 25969 was administered 
5 minutes after rocuronium 
administration. 

19.4.206 >18 1 or 1.2mg/kg Org 25969 was administered 
3 or 15 minutes after 
rocuronium administration. 

19.4.207 >18 0.6 mg/kg 
rocuronium, 0.1 
mg/kg vecuronium, 
0.1 mg/kg 
pancuronium 

Org 25969 was administered 
at reappearance of T2. 

19.4.208B 20-65 0.9 mg/kg rocuronium 
followed by 
maintanence doses 

Org 25969 was administered 
at reappearance of T2. 

19.4.209B 20-65 0.9 mg/kg rocuronium 
followed by 

Org 25969 was administered 
at 1-2 PTC after rocuronium 

(b) (4)
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maintanence doses administration. 
19.4.306 Pediatric 

(Infants, 
Children, 
Adolescents), 
Adults 

0.6 mg/kg rocuronium Org 25969 administered at 
reappearance of T2. 

 
 
 
Figure 16 and Figure 17 shows the dose-response (Time to recovery of T4/T1 ratio to 
0.9) data from various studies 
 
Figure 16.  Relationship between Org 25969 dose (mg/kg) and response (Time to 
recovery of T4/T1 ratio to 0.9 (min)) in various studies. 
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Figure 17.  Relationship between Org 25969 dose (mg/kg) and response (Time to 
recovery of T4/T1 ratio to 0.9 (min)) in various studies. 

Dose, mg/kg

Ti
m

e 
to

 R
ec

ov
er

y 
of

 T
4/

T1
 ra

tio
 to

 0
.9

, m
in

1

10

100

0 5 10 15

19.4.206

0 1 2 3 4

19.4.207

0 1 2 3 4

19.4.208B
2 4 6 8

19.4.209B

0 1 2 3 4

1

10

100
19.4.306

 
 
Based on the dose-response information from dose finding studies, the sponsor studied 
the NMB (rocuronium or vecuronium) reversal effects of 2 mg/kg (shallow blockade), 4 
mg/kg (profound blockade) and 16 mg/kg (immediate reversal) Org 25969 in pivotal 
trials and special populations (renal impairment, cardiac disease and pulmonary 
disease). 
The results from the pivotal trials suggest that Org 25969 is effective in reversal of NMB 
as shown in Table 22  and Table 23 below. 
 
Table 22.  Summary of results from Study 301 and 302 
Study Scenario Time to T4/T1 ratio = 0.9 
  Sugammadex Neostigmine 
301 Routine 01:29 (Rocuronium) 18:30 
 Shallow 02:48 (Vecuronium) 16:48 
302 Routine 02:52 (Rocuronium) 50:22 
 Shallow 04:28 (Vecuronium) 66:12  

 

(b) (4)



 

NDA 22-225 
 (Sugammadex Sodium) 

Solution for Injection (100 mg/mL) 
Original NDA Review 

180

 
Table 23.  Summary of time (min:sec) from start of administration of rocuronium or 
succinylcholine to recovery of T1 to 10% by treatment group in Study 303 
Scenario  Treatment Group 
Immediate 
Reversal 

 Rocuronium+Org 
25969 

Succinylcholine 

 Including imputed 
data 

4:22 7:04 

 Complete cases 4:21 7:09  
 
Routine Reversal: 
• A dose of 4.0 mg/kg Org 25969 if recovery has reached 1-2 post tetanic counts (PTC) 
(profound blockade) following administration of rocuronium or vecuronium induced 
blockade. 
• A dose of 2.0 mg/kg Org 25969 if spontaneous recovery has reached the 
reappearance of T2 (shallow blockade) following rocuronium or vecuronium induced 
blockade. 
 
Immediate reversal: 
• If there is a clinical need for immediate reversal at 3 minutes following administration 
of rocuronium, a dose of 16.0 mg/kg Org 25969 is recommended. 
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Data 
Table 24 lists the dose groups, number of patients and observations in studies utilized 
for the PK and PK/PD modeling.  The data collected was adequate to develop PK/PD 
models. 
 
Table 24.  List of dose groups, number of patients and observations in studies utilized 
for PK and PK/PD modeling. 
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Methodology 

PK of rocuronium 
The time course of plasma concentrations of rocuronium after intravenous 
administration was best described using a 3 compartment model.  The goodness of fit 
plots are shown in Figure 19 below.  The analysis identified differences in the PK of 
rocuronium due to race (Japanese vs US+European).  The clearance in the Japanese 
population was 30% lower than US+European population.  The estimates of the PK 
parameters are shown in Table 25. 

(b) (4)
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PK of Org 25969 
The time course of Org 25969 concentrations after intravenous administration of Org 
25969 alone was best described using a 3 compartment model in healthy subjects.  The 
goodness of fit plots are shown in Figure 20.   
 
Figure 20. Diagnostic plots for model Org.F.1 (Org 25969 PK Model) (A) Observed 
versus individual predicted plasma concentrations, (B) Observed versus population 
predicted plasma concentrations, (C) Weighted residuals versus time, (D) Weighted 
residuals versus population predicted plasma concentrations. 

 
 
The model was updated with data from Study 19.4.305 (elderly subjects).  In Study 
19.4.305, subjects were to be reversed at reappearance of T2 with an intravenous 
single bolus dose of 2.0 mg/kg Org 25969 After the intubation dose or the previous 
maintenance dose of rocuronium.  Population pharmacokinetic analysis was conducted 
for the data collected from this study and are shown in Table 26.  The pharmacokinetic 
parameters for a typical subject by age category is shown in Table 27 below. 
 

(b) (4)
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Table 27.  Summary of PK parameters in a typical patient in various age groups. 

 
The effect of renal function was also evaluated in Study 19.4.304 where 15 patients with 
severe renal impairment were compared to that of normal patients.  The estimate of 
clearance of Org 25969 was 95.2 mL/min in control group and 5.53 mL/min in renally 
impaired group.  The half-life of Org 25969 increased from 139 minutes to 2139 
minutes. 
 
The sponsor evaluated the effect of renal function on the pharmacokinetics of Org 
25969 using data from all the studies in the development of PK model for rocuronium-
Org 25969 interaction.  The relationship between clearance of Org 25969 and creatinine 
clearance was described using a linear model which is described below: 
 

( )44.105ClearanceCreatinine6.0min/mL87CL 25969Org −•+=  
 
Based on this equation, sponsor proposes the following Table 28 in the label. 
 

(b) (4)

(b) (4)
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PK-PD of Rocuronium Alone 
The relationship between plasma concentrations of rocuronium and changes in %TOF 
ratio were described using an effect compartment model.  The effect compartment was 
used to account for the delay between plasma concentrations of rocuronium and effects 
on %TOF ratio.  Figure 21 shows the time course of plasma concentrations of 
rocuronium and changes in % TOF ratio in Study 19.4.101. 
 
Figure 21.  Time course of plasma concentrations of rocuronium and changes in % TOF 
ratio 

 
 
Figure 22 shows the observed, individual and population predicted changes in changes 
in % TOF twitch ratio.  The model fits the data adequately. 
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Figure 22.  Individual and population predicted rocuronium induced neuromuscular 
block represented by the TOF twitch ratio observed in study CT 19.4.101 after 0.6 
mg/kg rocuronium to volunteers under general anaesthesia. 

 
The model was updated with data from describe the PD data of the studies CT 
19.4.101, CT 19.4.201, CT 19.4.202 and CT 19.4.205.  The estimated parameters are 
shown in Table 29 below. 
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Table 29.  Estimated structural and stochastic parameter values for the updated PK-PD 
model for TOF ratio (PK.PD.ROC.B2). 

 
In the PK/PD model, the effect compartment was linked to the first peripheral 
compartment instead of the central compartment.  The decision for this link was based 
on statistical reasons (lower objective function) and not based on pharmacological 
principles.  The parameters are estimated with good precision.  The estimated value of 
0.915 min-1 the rate constant for delay implies that it takes about 3-5 minutes to reach 
steady state for effect after rocuronium administration.  No evaluation for identification of 
prognostic factors affecting the EC50 or Emax was conducted. 
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PK Interaction Model for Org 25969 and Rocuronium 
The sponsor developed a PK model based on (A) Instantaneous (B) Dynamic 
equilibrium principles to explain the binding between Org 25969 and Rocuronium.  X-ray 
crystallography of the Org 25969–rocuronium complex formation showed that Org 
25969 and rocuronium bind in equimolar quantities.  It is hypothesized that after 
administration of Org 25969 the Org 25969-rocuronium complex is cleared from plasma 
via the Org 25969 clearance pathway, whereas the remaining fraction unbound of 
rocuronium is cleared via the rocuronium elimination pathway.  The sponsor concluded 
that the dynamic equilibrium model provided better description of the data compared to 
the model which assumes instantaneous equilibrium. 
 
Figure 23 shows the time course of rocuronium concentrations in Study 19.4.101 where 
patients were administered 0.1-8 mg/kg Org 25969 three minutes after 0.6 mg/kg 
rocuronium.  Shown are the model fitted line when analyzed using instantaneous (EQ1, 
EQ2) and dynamic equlibrium models. 
 
Figure 23.  Time course of rocuronium plasma concentrations and model fitted line 
derived using (A) Instantaneous (B) Dynamic equilibrium models.  Shown in the right 
hand side figure are two lines (red and blue) which are for concentrations of rocuronium 
with and without Org 25969.  For comparison purposes between models, the green and 
red lines should be compared. 
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Figure 24 shows the comparison between observed and model predicted AUC(0-tlast) 
which indicates that the bias is minimal for the dynamic equlibrium model. 
 
Figure 24.  Observed versus predicted AUC[0-tlast] for model EQ.1 with a Kd value that 
was fixed to 0.1 µM (open circles), model EQ.2 (closed boxes) in which the Kd was 
optimized value and the most optimal dynamic interaction model DIM.C.2 (open 
triangles). The AUC[0-tlast] was calculated using the trapezoidal rule. For the 
calculation of the observed AUC[0-tlast) data from part II of the study CT 19.4.101 was 
used. 
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Figure 25 and Figure 26 shows the diagnostic plots which indicate that the model fits 
the data adequately. 
 
Figure 25.  Diagnostic plots for rocuronium data predicted by the PK interaction model 
(DIM.I.2.FOCE) (A) Observed versus individual predicted rocuronium plasma 
concentrations, (B) Observed versus population predicted plasma concentrations, (C) 
Weighted residuals versus time, (D) Weighted residuals versus population predicted 
plasma concentrations. Solid line represents a loess smooth through the data. Dashed 
line is the unity line. 
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Figure 26.  Diagnostic plots for Org 25969 data predicted by the PK interaction model 
(DIM.I.2.FOCE) (A) Observed versus individual predicted rocuronium plasma 
concentrations, (B) Observed versus population predicted plasma concentrations, (C) 
Weighted residuals versus time, (D) Weighted residuals versus population predicted 
plasma concentrations. Solid line represents a loess smooth through the data. Dashed 
line is the unity line. 

 
 
The estimates of the pharmacokinetic parameters for rocuronium and Org 25969 are 
shown in Table 30 below. 
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Table 30. Estimated structural and stochastic parameter values for the updated PK 
interaction model (DIM.I.2.FOCE) 
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PK-PD Interaction Model for Org 25969 and Rocuronium 
The PK/PD interaction model was developed initially using data from Study 19.4.101.  
The PK and PD parameters were fixed to the estimates derived from the Rocuronium-
Org 25969 PK interaction and Rocuronium PK/PD model respectively.  
Figure 27 shows the simulaed time course of % TOF ratiogoodness of fit in individuals 
using the two models.  The dynamic equilibrium model was selected as the final model 
as the model describes the data well in the dose ranges for which approval is being 
sought. (> 1 mg/kg). 
 
Figure 27.  Individual predicted reversal of rocuronium-induced neuromuscular blockade 
after 0.1–8 mg/kg Org 25969 administered 3 minutes after 0.6 mg/kg by model 
PKPD.EQ.A (Instantaneous equilibrium; red line) and model PKPD.DIM.A (Dynamic 
equilibrium; blue line).  Symbols represent the observed reversal of rocuronium-induced 
neuromuscular blockade in part II of study CT 19.4.101. 

 
The dynamic equilibrium model was further evaluated using simulations using data from 
Study 19.4.201, 19.4.202 and 19.4.205.  No parameters were estimated but the model 
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was checked for its predictive ability for the new studies using simulations.  Evaluation 
of the assumption of linking central, first peripheral and second peripheral 
concentrations of rocuronium to the PD effect was checked using simulations.  The 
simulations suggested that the updated model was biased due to changes in parameter 
estimates of peripheral volume of distribution.  Inorder to correct for this bias, the 
sponsor chose to use a ratio of the first peripheral volume of distribution between the 
previous model and the updated model. 
 
 
Figure 28.  VPC for the PK-PD interaction the previously developed PK-PD interaction 
model (A) and models PK.PD.DIM.V2 (B), PK.PD.DIM.V1 (C) and PK.PD.DIM.V3 (D); 
observed and predicted variability in time to recovery of the TOF ratio to 0.9 (recovery 
time) after 0 – 4 mg/kg Org 25969 administered 3 minutes after 0.6 mg/kg rocuronium in
the study CT 19.4.202.   
The time to reappearance of T2 after administration of rocuronium was simulated using 
model PK.PD.F.T2. The bold horizontal line represents the predicted median recovery 
time, whereas the horizontal above and below the median shows the predicted recovery 
time for 95% and 5% of the population, respectively. As a result, the range between 
these lines represents the expected variability in 90% of the population. The observed 
recovery times are shown as symbols. 
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Reviewer Comments 
The sponsor developed a mechanism based PK model describing the interaction 
between rocuronium and Org 25969 and integrated it with the pharmacodynamic data.  
Overall, the reviewer agrees with the modeling approach. 
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Filability and QBR comments 
 “X” if yes Comments 

Application filable? X  

Comments sent to firm? X Information request for electronic datasets and control files. 
 QBR questions (key issues to be 
considered) 

• Have the single dose PK been adequately characterized in healthy subjects?   
• Is PK dose proportional? 
• Have the analytical methods been adequately validated? 
• What is ADME of sugammadex? 
• Has drug interaction potential of sugammadex with other drugs been adequately 

evaluated? 
o Any potential for non-specific inclusion of other co-administered drugs? 
o If so, how to manage this drug interaction clinically? 

• What are the effects of intrinsic and extrinsic factors on PK or PD of 
sugammadex? 

o Is there a need for dose adjustment? 
• How PD of sugammadex is evaluated? Is PK/PD modeling acceptable? 
• Is POP-PK/PD analysis acceptable? 

o What are main covariates?   
o Is there a need for dose adjustment? 

• Does exposure-response support the dose recommendation? 
• Is clinical trial simulation conducted by the sponsor acceptable? 

Other Comments or information not 
included above 

 

Primary reviewer Signature and Date Lei Zhang 

Secondary reviewer Signature and Date Suresh Doddapaneni 
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