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endpoints for each study.  The statistical analyses of my derived endpoints were in agreement 
with the Applicant’s analyses. 
 
DSI audits of the sites in the Republic of Georgia from Study C-316 did not reveal any findings 
that suggested compromised data integrity.  The overall inspection results indicate that the study 
data were collected according to the protocol and applicable good clinical practice regulations. 
 

3.2 Evaluation of Efficacy 
My review  focuses on the two 
placebo-controlled studies that demonstrated a significant treatment effect in favor of Exparel.  

 
3.2.1 Study C-316  

In this New Drug Application, the Applicant appropriately addressed some of the concerns 
conveyed during the development process.  Use of rescue medication was accounted for in the 
primary analysis and a revised protocol stated that only two measurements would be required to 
calculate an AUC.  However despite the Division’s advice, the Applicant’s analysis population 
excluded patients that did not have at least two post-treatment pain measurements.  Upon review, 
I concluded that this was not a concern as only two patients were excluded based on a lack of 
post-treatment measurements.   
 

Study Design and Endpoints 
Eligible patients that were to undergo a hemorrhoidectomy were randomized to either placebo or 
Exparel 300 mg in a 1:1 ratio.  Following surgery, a single dose of the study drug was 
administered into the surgery site via infiltration.  Rescue analgesia for break-through pain was 
morphine every 4-6 hours over the first 72 hours. No other analgesic agents were allowed during 
the first 72 hours.  Subjects were discharged 72 hours after surgery.  Post-operative efficacy 
assessments included PI at rest and during bowel movement, use of rescue medication, time of 
first bowel movement, post-operative nausea and vomiting, and occurrence of constipation.  PI 
was assessed using an 11-point scale with 0 being no pain and 10 the worst pain and was 
measured at baseline (prior to surgery), end of general anesthesia, before first dose of rescue 
medication, and at 1, 2, 4, 8, 12, 24, 36, 48, 60, and 72 hours after surgery.   
 
The pre-specified primary efficacy outcome was the AUC of PI scores out to 72 hours (AUC72).  
Secondary efficacy outcomes included AUC at other time points, the proportion of patients who 
were pain free, defined as a PI score of 0 or 1, and time to first use of rescue.   
 
Based on the results of a Phase 2 hemorrhoidectomy study, the Applicant estimated that a sample 
size of 90 subjects per treatment arm would provide 90% power to detect a treatment effect.  

 
Patient Disposition, Demographic and Baseline Characteristics 

This study screened 235 patients in order to randomize 190 eligible subjects, 94 placebo and 96 
Exparel.  One patient, a 61 year old Caucasian female, was randomized to Exparel but was not 
treated due to an existing medical condition.  Demographics for all randomized and treated 
patients are shown in Table 2. 
   
Table 2. Patient demographics for Study C-316 
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Since this was an inpatient study, there was a high completion rate, greater than 98%.  In fact, 
only three patients withdrew consent and did not complete the study, two subjects in the placebo 
group and one in the Exparel group.  Only two of these subjects were missing all observations 
and were not included in the Applicant’s analysis population.     

 
Statistical Methodologies 

The Applicant defined the analysis population as the full analysis set (FA).  The FA population 
included all subjects that underwent the surgical procedure, received study drug, and had at least 
two post-treatment PI scores.  An AUC, similar to a time-weighted average, was calculated for 
each patient using PI scores measured at 1, 2, 4, 8, 12, 24, 36, 48, 60, and 72 hours post-dose.  
The Applicant proposed the following strategy to handle missing data. 
   

• Missing scores before the first non-missing score would be replaced by the median score 
from other subjects in the same treatment group.   

• Missing scores after the last non-missing score would be replaced by the last recorded 
observation. This is analogous to a last observation carried forward strategy for study 
dropouts. 

• Missing scores between two non-missing scores would use linear interpolation. 
 
Use of rescue medication was accounted for by using the worst observation carried forward 
within a specified window (wWOCF).  If a patient received morphine at time x, for any time 
point within x + 4 hours, the highest score from time 0 up until time x was used.  If the PI score 
for the windowed observation was higher than the worst observed score, it was not replaced. 
 
To evaluate efficacy, the Applicant compared the primary efficacy outcome, AUC72, for Exparel 
to placebo using an analysis of variance (ANOVA) model with treatment and country as main 
effects.  The AUCs at other time points were analyzed using the same ANOVA model.  Time to 
first post-operative use of rescue medication was analyzed using Kaplan-Meier methods.  A 
log-rank test was used to compare the survival curves between Exparel and placebo, and the 
median time to first use of rescue medication was reported.  Overall, the statistical 
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methodologies utilized by the Applicant for the analyses of the primary and secondary efficacy 
outcomes were acceptable.   
 
To calculate the percentage of pain free patients, the Applicant used the wWOCF method which 
resulted in patients requiring rescue to be classified as pain free.  For example, if a patient used 
rescue medication at 18 hours post-surgery and had a PI score < 2 at 24 hours, the patient would 
be classified as pain free.  I did not find this to be appropriate and did not consider such a patient 
as being pain free since they had used rescue medication.  I determined pain free status as a 
patient that had a PI score < 2 and had not used rescue medication at any time prior to that time 
point.  The Applicant used a CMH test adjusted for country to compare the percentage of 
patients that were pain free.  I used a Chi-square test or Fisher Exact test when the numbers of 
events were less than five, to compare the proportion of patients that were pain free at each time 
point.   
 
I also examined the amount of rescue medication used through 72 hours.  The total amount of 
morphine consumed was compared between treatment groups using an ANOVA model with 
treatment as fixed effect.  
 

Results and Conclusions 
The results of the Applicant’s primary efficacy analysis and mine are shown in Table 3.  My 
analysis differed from the Applicant’s as I included the baseline PI score as a covariate in the 
ANOVA model.  However, my results are consistent with the Applicant. There was a significant 
treatment effect in favor of Exparel.   
 
Table 3. Results from the primary efficacy analysis from Study C-316 

 
 
Based on the electronic data submitted by the Applicant, missing data was not an issue.  This 
was not unexpected as the study was conducted in an inpatient setting and patients only received 
a single dose of treatment.  There were two patients with intermittent missing data at the one 
hour post-treatment assessment.  While the Applicant imputed this data using last observation 
carried forward, I used the mean PI score of the other patients in the same treatment group.  This 
had no impact on the conclusion of the study.  There was still a significant treatment effect in 
favor of Exparel.   
 
The Applicant’s analysis population excluded two randomized and treated patients that did not 
have at least two post-treatment PI scores.  Even though the exclusion of two patients from the 
analysis likely did not bias the results, I examined the impact of this exclusion.  I re-analyzed the 
data including these two patients.  I used the mean score from the placebo group to impute the PI 
scores at each time point.  My conclusion did not change; there was still a significant treatment 
effect in favor of Exparel for the primary efficacy endpoint.  It is important to note that this 
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approach may not be acceptable in every setting, such as a study with a large amount of missing 
data or a chronic indication.  However, since this study had very little missing data and was for 
an acute indication, this approach was acceptable.  
 
The Applicant also examined several secondary endpoints.  Although all of the secondary 
endpoints discussed below demonstrated an apparent treatment effect in favor of Exparel, there 
were no pre-specified adjustments to the analyses to account for multiple comparisons.  These 
results are only supportive of the primary efficacy endpoint and should not be included as label 
claims.   
 
The Applicant examined AUC values at 12, 24, 36, 48, and 60 hours post-surgery.  The results 
for comparison of the two treatment groups are shown in Table 4.  These are the results from my 
analysis where I included the baseline PI score as a covariate.   My conclusion was the same as 
the Applicant’s.  There was a significant difference in favor of Exparel at each time point. 
 
Table 4. Comparison of AUCs at all time points in Study C-316 

 
 
As an AUC is cumulative and derived from the PI scores measured at each time point, I 
examined the mean PI scores by treatment group at each time point, Figure 1.  To account for the 
use of rescue medication, I applied the Applicant’s wWOCf method.  Error bars indicate the 95% 
confidence interval of the point estimate.  This approach may help with the clinical interpretation 
of the effect size observed with the primary endpoint, AUC72. 
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significant treatment effect observed out to 72 hours post-dose while the Applicant’s analyses 
only reported significance out to 24 hours.   However, the analyses do not account for multiple 
comparisons.  If I applied a conservative method such as a Bonferroni correction to my analyses, 
significance would be established using an alpha of 0.005.  Using this method statistical 
significance would only be demonstrated out to 36 hours post-surgery. 
 
The median time to first use of post-operative rescue medication was 1 hour in placebo patients 
and 15 hours in patients treated with Exparel.  Using Kaplan-Meier methods, the survival curves 
for time to first use of rescue medication for patients on placebo and Exparel are shown in Figure 
2. 
 
Figure 2. Kaplan-Meier estimates of “time to first use of rescue medication” for Study C-316 

 
   Source: Reviewer 
 
Based on the log-rank test, p-value < 0.0001, a significant difference exists in the distributions of 
time to first use of rescue medication for the two treatment groups in favor of Exparel.    
 
When I examined total amount of rescue medication (morphine) used through 72-hours 
post-surgery, there was a significant difference between treatment groups.  Placebo-treated 
patients used a mean amount of 29 mg versus 22 mg for Exparel-treated patients.     
 
There was a statistically significant difference between treatment arms for the primary efficacy 
endpoint, AUC72.  This finding was supported by the mean PI scores by time, Figure 1.  Further 
evidence was provided by the analyses of the percentage of patients pain free, time to first use of 
rescue medication, and total amount of rescue medication used post-surgery. 
 
3.2.2 Study C-317  
The Applicant did address most of the concerns noted in my review of the protocol and SAP in 
2009.  The primary analysis was revised to account for the use of rescue medication and stated 
only two measurements are required to calculate an AUC.  However, the analysis population still 
excluded patients that lacked post-treatment efficacy assessments.   
 
Based on the results of a Phase 2 study that evaluated capsaicin in treating post-operative pain 
associated with a bunionectomy surgery, the Applicant estimated 93 subjects per treatment arm 
would provide 90% power.  This calculation was based on a difference of 22 points in AUC and 
a pooled standard deviation of 46.    
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Study Design and Endpoints 

Eligible patients that were to undergo a unilateral first metatarsal osteotomy (bunionectomy) 
were randomized to either placebo or Exparel 120 mg in a 1:1 fashion.  Following surgery, a 
single dose of the study drug was administered intraoperatively by local infiltration.  Subjects 
were then transferred from the surgery center to the inpatient unit.  Allowed rescue medication 
was Percocet and if needed, a single IV dose of ketorolac.  Staff at the inpatient unit were blind 
to a subject’s treatment.  During the inpatient stay, PI was measured (11-point NRS) prior to 
surgery (baseline), before first use of rescue, and 2, 4, 8, 12, and 24 hours post-treatment.  
Patients were discharged after 24 hours but were instructed to record pain scores and any use of 
rescue medication at approximately 36, 48, 60, and 72 hours post-treatment.   

 
Patient Disposition, Demographic and Baseline Characteristics 

Study C-317 enrolled 195 patients but only 193 received treatment, 96 placebo and 97 Exparel.  
Two randomized patients were not treated due to existing medical conditions; one subject had 
elevated blood pressure and one had unstable vital signs.  Demographics for randomized and 
treated patients are shown in Table 7. 
 
Table 7. Patient demographics for Study C-317 

 
 
There were eight randomized and treated subjects that did not complete the study, four in the 
placebo group and four in the Exparel group, Table 8.  One patient in the placebo group 
withdrew from the study due to a serious adverse event, deep vein thrombosis.  Protocol 
violations accounted for the three discontinuations classified as “other”. 
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Table 8. Disposition of patients that discontinued in Study C-317   

 
 

Statistical Methodologies 
The statistical methods utilized in Study C-317 were similar to those used in Study C-316 except 
that the primary endpoint was the AUC out to 24 hours (AUC24) instead of AUC72. To account 
for rescue medication, the window used for the wWOCF imputation strategy was six hours 
instead of four.  The Applicant used an ANOVA model with treatment, site, and baseline PI 
score as fixed effects in the model.  This same model was used to compare the AUC at other time 
points.  Although the Applicant’s definition of the analysis population excluded patients that did 
not have at least two post-treatment PI scores, there were no patients that met this criterion.  
 
As I did for Study C-316, I used a different method to establish the percentage of patients that 
were pain free at each time point.  I determined “pain free” status as a patient that had a PI score 
of 0 or 1 at each time point and had not used rescue medication prior to that time point.  The 
Applicant used a CMH test adjusted for site to compare the percentage of patients that were pain 
free.  I used a Chi-square test or Fisher Exact test when the numbers of events were less than 
five, to compare the proportion of patients that were pain free at each time point. 
 
As with Study C-316, I examined the amount of rescue medication used through 72 hours.  
Percocet was converted to morphine equivalents (mg) and compared between treatment groups 
using an ANOVA model with treatment as a fixed effect.  Since there is no available method to 
convert ketorolac to morphine equivalents, this data was analyzed separately as the proportion of 
patients that received ketorolac using a Chi-square test.   
 
There was a pre-planned interim analysis in Study C-317 that occurred when approximately 20% 
of the subjects had completed the 72 hour visit.  The purpose of this interim analysis was to 
verify the assumptions used to estimate the sample size and was conducted by an un-blinded 
statistician not involved in any other aspect of the study.  There were no adjustments 
incorporated into the final analysis to preserve the over all Type I error.  It was pre-specified that 
the sample size could not be reduced and could only be increased up to a maximum of 225 
patients. 
 
Similar to Study C-316, missing data was not an issue as patients were hospitalized for 24 hours 
following surgery and received a single injection.   Four patients withdrew consent, but only one 
of these patients withdrew consent prior to the 24 hours.  Two patients withdrew consent after 72 
hours post-surgery so there was no missing efficacy data for these two patients.  Table 9 lists 
each patient with missing data, the Applicant’s explanation of why the data was missing, and the 
imputation method utilized in the analyses.  
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Table 9. Patients with missing data in Study C-317 

 
  

Results and Conclusions 
Based on the results of the Applicant’s interim analysis, the sample size was not increased.  An 
interim analysis that is estimating a pooled standard deviation does not need to unblind the 
treatment assignment, however the treatment assignments were revealed to the statistician that 
conducted the Applicant’s analysis.  While this is not ideal, the statistician that conducted the 
interim analysis was not involved in any other aspects of the study and the Applicant had 
pre-specified that the sample size could not be reduced. They had also specified the sample size 
could only be increased to a maximum of 225 patients.  Based on this information, I agreed with 
the Applicant, no adjustment to the overall significance level was required. 
 
Analysis of the primary efficacy outcome measure, AUC24, demonstrated a significant treatment 
effect in favor of Exparel.  The mean AUC24 for the Exparel group was lower than that of the 
placebo group.  The Applicant’s results along with mine are shown in Table 10. 
  
Table 10. Results from the primary efficacy analysis from Study C-317 

 
 
AUC values at other time points were also compared using the same ANOVA model as used for 
the primary endpoint.  These results are shown in Table 11. 
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Table 11. Comparison of AUCs at all time points in Study C-317 

 
 
In addition, the mean PI scores for each treatment group were plotted against time, Figure 2.  To 
account for the use of rescue medication, the Applicant’s wWOCF method was utilized.  The 
error bars indicate the 95% CI for the point estimate. 
 
Figure 3. Mean PI scores at each measured time point in Study C-317. 

0
1
2

3
4
5
6
7

8
9

10

0 12 24 36 48 60 72

time (hours)

PI

placebo
exparel

 
    Source: reviewer 
 
Even though there is separation in the curves out to approximately 24 hours post-surgery, this 
separation may or may not be clinically relevant as mean PI scores for all patients increased from 
mild, score between 1 and 3, to moderate, score between 4 and 7.   
 
The percentage of patients that were pain free at each time point is shown in Tables 12 and 13.  
The Applicant’s wWOCF method was utilized to account for the use of rescue medication.  My 
method considered any use of rescue medication prior to that time point as an indication of pain.   
 
Table 12. Percentage of patients that were pain free in Study C-317, Applicant’s method 
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Table 13. Percentage of patients that were pain free in Study C-317, Reviewer’s method 

 
 
After eight hours post-surgery, regardless of the method, there was no longer a significant 
difference in the percentage of patients that were pain free.   
     
The median time to first use of rescue was 5 and 7 hours for the placebo and Exparel groups, 
respectively.  Using Kaplan-Meier methods, the survival curves depicting the time to first use of 
rescue medication for patients on placebo and Exparel are shown in Figure 4. 
 
Figure 4. Kaplan-Meier estimates of “time to first use of rescue medication” for Study C-317 

 
 
The log-rank test comparing the two survival curves was significant, p-value < 0.0001.  This 
suggests that subjects treated with Exparel do not require rescue medication as soon as 
placebo-treated patients.    
 
When I examined the mean total amount of morphine equivalents (mg) used through 72 hours 
post-surgery, there was not a significant difference; 82 mg versus 85 mg for placebo and 
Exparel, respectively.  In addition, there was not a significant difference in the percentage of 
patients that used ketorolac, 43% versus 31% for placebo and Exparel, respectively.  
 
Even though there was a statistically significant difference for the primary efficacy endpoint and 
various secondary endpoints, the clinical interpretation and meaningfulness of the effect size 
observed with the primary endpoint, AUC24 is not clear.  When I examined mean PI scores by 
time, Figure 2, Exparel did not seem effective at controlling post-operative pain associated with 
bunionectomy.  Further, there was not a significant difference for total amount of rescue 
medication used through 72 hours-post surgery. 
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3.3 Evaluation of Safety  
The primary medical officer, Dr. Arthur Simone, reviewed the safety data for this application. 
 
4.  FINDINGS IN SPECIAL/SUBGROUP POPULATIONS 
 

4.1 Gender, Race, Age, and Geographic Region 
The Applicant examined the primary efficacy endpoint in both studies for any differences due to 
age, gender, or racial subgroup.  Age was categorized as less than 40 years old, at least 40 but 
less than 65, and older than 65 years in age.  Racial subgroups were categorized as Caucasian or 
not Caucasian.  For Study C-316, country was examined for any differences in the primary 
endpoint.  For Study C-317, site was examined for any differences in the primary endpoint.  
Each study will be discussed separately below. 
 
For age and sex, the Applicant summarized the primary endpoint for each subgroup.  Country 
(Study C-316) or site (Study C-317) was included as a fixed effect in the primary analysis 
(ANOVA).  To further explore the efficacy within subgroups, I examined the primary endpoint 
for a treatment interaction with age, gender, and country.  Using an ANOVA model, I included a 
treatment interaction for age, racial subgroup, sex, and country or site. 
 
Study C-316 
Since all patients in this study were classified as Caucasian, racial subgroups were not 
summarized.  The results for the other subgroups are shown in Table 14. 
  
Table 14. Subgroup analysis for age, gender, and country in Study C-316 

 
 
While there was not a significant treatment interaction for gender or age, there was a significant 
treatment interaction with country.  The magnitude of the treatment effect in the Republic of 
Georgia was much larger than the treatment effect observed in Poland or Serbia.  However, I was 
not concerned with this as there was a treatment effect observed in all countries and the study 
was not powered to detect treatment effects in individual countries. 
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Study C-317   
The results of the primary efficacy analysis, AUC24, were evaluated for any treatment 
interactions with sex, age, or using the ANOVA model described above.  The results are shown 
in Table 15. 
 
Table 15. Subgroup analysis for age, gender, race, and site in Study C-317 

 
 
This study was conducted mainly in female patients as bunions are more common in women than 
men.  There were no significant interactions of treatment with any of the subgroups examined.  
However, it is interesting to note there was not a treatment effect observed at the site in San 
Marcos, TX.  The Applicant did not provide an explanation as to why there was not a treatment 
effect observed at this site.  I performed an exploratory analysis of baseline characteristics (age, 
gender, race, and baseline pain score) but did not find any significant differences in this site from 
the other sites.   
 

4.2 Other Special/Subgroup Populations 
For Study C-317, no other subgroups of interest were identified or analyzed.  However for Study 
C-316, the reviewing medical officer observed that nine patients had pain scores that were 
denoted as “completed with a hand of the investigator based on verbal interview with patients.”   
As an exploratory analysis, I removed these patients from the primary analysis.  My conclusions 
did not change; there was still a significant treatment effect in favor of Exparel. 
 
5. SUMMARY AND CONCLUSIONS 
 

5.1 Statistical Issues and Collective Evidence 
I reviewed two Phase 3 clinical trials to evaluate the efficacy of Exparel in treating 
post-operative pain.  There was a significant treatment effect for the pre-defined primary efficacy 
endpoint and various supportive secondary endpoints in both studies.  There were no concerns 
regarding the analysis populations, statistical analyses, or imputation of missing data that could 
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STATISTICS FILING CHECKLIST FOR NDA  
 

 
NDA Number: 22-496 Applicant: Pacira Pharmaceuticals Stamp Date: Sept 13, 2010 

Drug Name: bupivacaine ER NDA/BLA Type: Standard  

 
On initial overview of the NDA/BLA application for RTF: Studies SKY0402-C-316 and 
SKY0402-C-317 
  

 Content Parameter Yes No NA Comments 

1 Index is sufficient to locate necessary reports, tables, data, 
etc. 

X 
   

2 ISS, ISE, and complete study reports are available 
(including original protocols, subsequent amendments, etc.) 

X 
   

3 Safety and efficacy were investigated for gender, racial, 
and geriatric subgroups investigated (if applicable). 

X 
   

4 Data sets in EDR are accessible and do they conform to 
applicable guidances (e.g., existence of define.pdf file for 
data sets). 

X 

   

 
IS THE STATISTICAL SECTION OF THE APPLICATION FILEABLE?   Yes  
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the  
74-day letter. 
 

Content Parameter (possible review concerns for 74-
day letter) 

Yes No NA Comment 

Designs utilized are appropriate for the indications requested. X    
Endpoints and methods of analysis are specified in the 
protocols/statistical analysis plans. 

X    

Interim analyses (if present) were pre-specified in the protocol 
and appropriate adjustments in significance level made.  
DSMB meeting minutes and data are available. 

X    

Appropriate references for novel statistical methodology (if 
present) are included. 

  X  

Safety data organized to permit analyses across clinical trials 
in the NDA/BLA. 

  X  

Investigation of effect of dropouts on statistical analyses as 
described by applicant appears adequate. 

  X Dropouts were 
not an issue 
as these were 
inpatient 
clinical trials. 

 

Statistics Filing Checklist for NDA 22-531 Reference ID: 2875962
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