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The Applicant’s responses are acceptable. The Applicant has satisfactorily 
addressed the Complete Response Issue #1.

Complete Response Issue #2:
We acknowledge your commitment to provide stability data for your drug product 
under frozen (-20ºC) and refrigeration (5ºC) conditions post-approval. However, for 
setting the specifications for your drug product, you will need to provide data from 
at least 3 batches at the initial time point and thereafter at 5, 10, and 15 weeks under 
refrigeration conditions. For this testing, we consider the initial time point to be 
when the product is thawed and placed under the 5ºC refrigeration conditions. For 
the dissolution testing, provide the complete dissolution profile data as described in 
the above comment.

Applicant’s response:
Data from 3 commercial scale batches for the drug product for the initial, 5 week, and 8 
week time points stored at refrigerated conditions are provided within Module 3, Section 
3.2.P.8. The remaining time points covering 10 weeks, 12 weeks and 15 weeks will be 
submitted within 2 months. AbbVie confirms that the initial time point is when product is 
thawed and placed at refrigerated conditions. The complete dissolution profile data are 
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The Applicant provided adequate data to support the proposed dissolution acceptance 
criteria of Q= % at 40 minutes for carbidopa and levodopa. From the Biopharmaceutics 
perspective, NDA 203952 for Duopa (carbidopa and levodopa enteral suspension) is 
recommended for approval.
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1.3   OVERALL SUMMARY OF CLINICAL PHARMACOLOGY  

Following LCIG administration, peak plasma levels of levodopa is reached at median Tmax of 
2.5 hours, and maintained consistent levodopa levels over the course of infusion. Following 
termination of infusion, levodopa levels declined rapidly with average t1/2 of 1.5 hours.  
 
The bioavailability estimate for levodopa from LCIG relative to oral levodopa-carbidopa tablets 
was 97% (95% confidence interval; 95% to 98%) based on PPK analysis. 
 
The within patient variability of levodopa plasma concentration of LCIG is smaller than that of 
the oral formulation (8.6% v.s., 15.5%). This indicates lower PK variability of levodopa after 
LCIG dosing when compared to LC oral formulation.  The low PK variability also translated into 
better clinical response (lower OFF TIME) after LCIG dosing when compared to LC oral 
formulation (Figure 3). 
 
Plasma concentration (Mean ± SD) versus time profile of levodopa with LCIG 16-hour infusion 
is shown below: 

 

Signatures
Bei Yu (CP primary reviewer)  
Angela Men (CP TL) 
Division of Clinical Pharmacology 1 
 
Hongshan Li (PM reviewer) 
Atul Bhattaram (PM Secondary Reviewer) 
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Figure 1 shows the distribution of levodopa concentrations after LCIG and LC-oral formulation 
in the Phase III studies.  The data were obtained from patients in Phase III studies after they were 
stabilized on their optimal dose.  Figure 1 suggests that a similar range of concentrations is 
observed in patients receiving LCIG or LC-oral formulation during the initial 1-2h.   

Figure 1: Levodopa Plasma Concentrations in Patients After LCIG or LC-oral 
Formulation Administration (Symbols refer to the observed concentration data) 

Source: Page 60 of sponsor’s population pharmacokinetics report. 
 
 
2.1.6 How different is intra-subject variability of levodopa plasma concentration (ISVLPC) 

between LCIG and LC-oral formulation? Do differences in variability of levodopa 
concentrations translate into better clinical outcomes? 

The observed levodopa plasma concentration profiles of individual patients of the two treatments 
(Figure 2) confirmed that the ISVLPC of LCIG formulation was smaller than the ISVLPC of the 
oral formulation; the levodopa concentration range of LCIG was significantly smaller than that 
of the oral capsule when levodopa doses of the two treatments were similar, which implies the 
comparable patient population in the two arms. The lower variability in plasma concentrations of 
levodopa after LCIG administration resulted in lower OFF TIME in these patients when 
compared to oral administration (Figure 3).   

 

Figure 2: Observed Levodopa Plasma Concentration Profile of Individual Patients by 
Treatments 
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27 Patients of Studies 3001/3002 on LCIG
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23 Patients of Studies 3001/3002 on LC Capsules
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Source: Generated by the FDA reviewer based on sponsor’s dataset and NONMEM control stream. 
 

Figure 3 shows the longitudinal time course of OFF TIME (Primary endpoint in Phase III 
clinical studies) after oral or LCIG formulation. Clinical benefit of LCIG was demonstrated over 
the time course. 

 

Figure 3: Change from Baseline in Average Daily Normalized “Off” Time Based on 
Parkinson’s Disease Diary Data, Mixed Model Repeated Measures. 
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2.1.7 Is the link between PK of levodopa and efficacy/safety data in the conducted studies 
adequately characterized? 

No, the information collected from the Phase III studies is not sufficient to link PK of levodopa 
and efficacy/safety data.  

Table 1. Phase III Study Information in Patients with Advanced Parkinson’s Disease

Study Number of 
Patients on LCIG 

Number of Patients
on LC Capsule Study Design 

3001 15 15 
12-week, randomized, double-
blind, double-dummy, parallel-
group, multicenter studies to 
evaluate the efficacy, safety, and 
tolerability of LCIG in 71 patients 
with advanced Parkinson’s disease

3002 12 8 

3004 311 0 

12-month open-label, multicenter 
safety, tolerability, and efficacy of 
LCIG  in 320 patients with 
advanced Parkinson’s disease 

Source: Generated by FDA reviewer based on sponsor’s study reports on the 3 Phase III studies. 

The distribution of the levodopa doses in the Phase III studies are shown in Table 2. 

Table 2. Sponsor Proposed Levodopa Doses in the Label in Comparison to Levodopa 
Dose Distribution Data of Phase III Studies 3001, 3002 and 3004
 Morning Dose Continuous Dose Extra Dose 

 

Although 311 patients on LCIG completed Study 3004, the PK and efficacy/safety data 
of those patients cannot be used for a reasonable exposure-response analysis because 
Study 3004 is an open-labeled study (Table 1). 

Although the sponsor executed two active controlled Phase III studies (Studies 3001 and 
3002), total only 30 patients completed Study 3001 with PK data collected, and 
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15patients were on LCIG and 15 patients were on LC-oral (the active control, over-
encapsulated Sinemet). Total only 20 patients completed Study 3002 with PK data 
collected, and 12 patients were on LCIG and 8 patients were on LC-oral (Table 1). 
Clinical data collected for those 50 patients of the Phase III controlled studies are not 
sufficient for a reasonable exposure-response analysis. 

In summary, total 27 patients on LCIG and total 23 patients on LC-oral completed the two active 
controlled Phase III studies (Studies 3001 and 3002) with PK data collected; the PK and 
efficacy/safety data collected for those 50 patients were not sufficient for a reasonable exposure-
response analysis because the sample size was too small to draw a conclusion. 
 
2.1.8 How to interpret the measurable plasma levels of hydrazine in patients following LCIG 

administration? 
Hydrazine is a degradation product of carbidopa in LCIG that is a known toxicant (e.g., its 
effects of carcinogenicity and genotoxicity)   
Plasma concentrations of hydrazine were measured in subgroup of patients (N=17) in Study 
S187-3-001/S187-3-002, in which 11 patients were with LCIG treatment and 5 were with LC-
oral treatment.   
 
One subject with LCIG had detectable levels (in 5 out of 7 samples) of hydrazine, measurable 
hydrazine concentrations ranged from  ng/mL (value of AUC 0-16 was  ng.hr/mL). 
Two of 5 subjects treated with LC-oral showed measurable hydrazine concentrations ( and  
ng/mL) only at 1 time point in the 16-hour sampling interval. The high level of hydrazine due to 
carbidopa degradation in LCIG is observed.  
 

The half-life of carbidopa in a solution was about 24 hours at room temperature (Pappert et al, 
1997; Cedarbaum, 1997). The degradation product, hydrazine from carbidopa Patient 
S187.3002-111-102 on Study Day 43, as shown in Figure 4, was likely from the morning LCIG 
dose on Study Day 43. The reason of hydrazine formation is not clear.  

Figure 4: Observed Plasma Hydrazine Concentrations in Patient S187.3002-111-102 on 
Study Day 43 
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LCIG for 16 hours. The administration of any extra doses of LCIG 
was discouraged during the PK day except when it was deemed 
absolutely needed. Oral levodopa-carbidopa was not allowed until the
last PK sample was collected. After the collection of the last PK 
sample, the subjects resumed their original levdodopa-carbidopa 
regimens. A maximum of 24 blood samples (144 mL) were collected 
from each subject for 19 hours. 

 
Treatment administration: Subjects remained on their established and 
individualized stable LCIG dose for the designated 16 hours of 
infusion on the two days of the study. The infusion duration was 16 
hours on Day –1 and Day 1. The total dose per day of LCIG was 
composed of three individually adjusted doses: morning dose, 
continuous dose, and extra doses.  

The morning dose was administered by the pump to rapidly 
achieve the therapeutic dose level (within 10 to 30 minutes). 
The morning dose was expected to be 5 to 10 mL, 
corresponding to 100 to 200 mg levodopa; the morning dose 
was not to exceed 15 mL (300 mg levodopa). In the study, the 
morning dose ranged from 4 to 11.5 mL, corresponding to 80 
to 230 mg levodopa.  
The continuous rate was to be kept within a range of 1 to 10 
mL/hour (20 to 200 mg levodopa/hour) and was expected to 
be 2 to 6 mL/hour (40 to 120 mg levodopa/hour). In the study, 
the continuous rate ranged from 2.7 to 6.1 mL/hour (54 to 122 
mg levodopa/hour).  
The extra doses were given if the patient became hypokinetic 
during the day. The extra dose was expected to normally be 
0.5 to 2.0 mL. In the study, 13 subjects received extra doses. 
The extra doses ranged from 1 to 3 mL for all subjects except 
one subject who received an extra-dose of 5 mL. Use of extra 
doses of LCIG was discouraged during the PK sampling day. 
Only two subjects received extra doses on the PK assessment 
day. 

None of the subjects who participated in the study were on LCIG for 
more than 16 hours a day. No rescue medications were administered 
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The mean ± SD PK parameters of levodopa, 3-OMD and carbidopa 
after administration of LCIG are presented below: 
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Reviewer’s comments: the median Tmax for Levodopa is 2.5 hours. 
The median Tmax for carbidopa is 3.5 hours. 
 
The total variability in Cmax, Cmin, Cavg, AUC0-16 and AUC0-24 

expressed as percent CV for levodopa, 3-OMD and carbidopa with 
LCIG 16-hour infusion are presented below: 

 
 
The inter- and intra-subject coefficients of variation (and 95% 
confidence interval for coefficients of variation) for the 2- to 16-hour 
interval relative to start of LCIG infusion is presented below: 
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amantadine. The exceptions were apomorphine and levodopa 
formulations containing peripheral decarboxylase inhibitors other than 
carbidopa in an immediate release (IR) (4:1 ratio). Subjects taking any 
other formulations were converted to treatment with the (IR) 
formulation of levodopa/carbidopa (4:1) at least 28 days prior to 
randomization. (Please see figure below). 

Subjects were randomized to treatment at an individualized dose for 
up to 12 weeks in 1 of 2 treatment groups: 

LCIG group: Levodopa-Carbidopa Intestinal Gel (levodopa, 
20 mg/mL and carbidopa, 5 mg/mL) and placebo capsules. 

Or 
LC-oral group: Placebo intestinal gel and oral levodopa-
carbidopa (levodopa, 100 mg and carbidopa, 25 mg) IR 
capsules. 

 
The total daily dose of infusion (LCIG or placebo gel) was composed 
of 2 components, the morning dose and the continuous maintenance 
infusion dose, administered over a full 16-hour period. At night, after 
disconnecting the pump, the tubing was to be flushed with potable 
water. 
 
A morning dose was administered as a bolus infusion by the pump to 
fill the dead space of the intestinal tube and rapidly achieve a 
therapeutic dose level (over approximately 10 to 30 minutes). This 
was usually 5 to 10 mL and corresponded to 100 to 200 mg of 
levodopa. The total morning dose was not to exceed 15 mL (300 mg 
levodopa). 
 
Calculation of continuous dose (16-hour day): 

Total oral daily dose minus morning dose and last dose of the 
day = continuous dose over 16 hours 
Continuous dose divided by 16 hours = continuous hourly 
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Appendix 2: PHARMCOMETRIC REVIEW 
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OFFICE OF CLINICAL PHARMACOLOGY: 

PHARMACOMETRIC REVIEW 

NDA Number 203952 

Drug Name Levodopa-Carbidopa Intestinal Gel (LCIG) 

Pharmacometrics Reviewer Hongshan Li, Ph.D. 

Secondary Pharmacometrics Reviewer Atul Bhattaram, Ph.D. 

Sponsors AbbVie Inc. 

 

1 PERTINENT REGULATORY BACKGROUND 
LCIG is a formulation of levodopa and carbidopa delivered from a medication cassette reservoir 
via the CADD-Legacy® 1400 portable infusion pump into the proximal small intestine through a 
percutaneous endoscopic gastrostomy with jejunal extension (PEG-J). LCIG is a combination of 
levodopa and carbidopa, indicated for the long-term treatment of motor fluctuations in patients 
with advanced  Parkinson’s disease  

 As a 505(b)(2) application, this NDA  references Sinemet®
 

(NDA 017555) for efficacy and safety. The US clinical development program for the LCIG 
System was initiated in 2008 with dosing of the first subject in Study S187-3-004.  Key 
communications between the sponsor and the FDA are briefly summarized below:  

On18 January 2000LCIG was granted orphan drug designation for the treatment of 
advanced PD (Designation Number 99-1294).  
On 30 October 2002, the Agency informed the sponsor that submission of safety data on 
at least 300 patients for 6 months and 100 patients for 12 months would be necessary to 
meet the requirements for long-term safety exposure. 
On 15 November 2011, the Agency agreed that the LCIG System is considered a 
combination product (drug, pump, and tubing).  A Master Access File (MAF) for the 
Smiths Medical pump used with LCIG has been submitted, according to Guidance for 
Industry and FDA Staff Total Product Life Cycle:  Infusion Pump - Premarket 
Notification [510(k)] Submissions.  Tubing components that are required to administer 
LCIG will be filed as Premarket Notification 510(k) applications submitted to the Center 
for Devices and Radiological Health.  The LCIG System elements will be cross-labeled 
to ensure control of its component parts.  In addition, there are tubing components 
currently approved within the US that are compatible with the LCIG System.  These 
tubing components are listed in the proposed US Package Insert for the product and 
compatibility data are provided in Module 3, Section 3.2.P.2.4 and Section 3.2.P.2.6. 
On 16 November 2012, the sponsor submitted LCIG (NDA 203952) to the FDA. On 15 
January 2013, the NDA was issued a reject to file letter to the sponsor under 21 CFR 
314.101(d), after a preliminary review. The FDA found the application is not sufficiently 
complete to permit a substantive review due to the lack of information for chemistry, 
statistics and clinical trials. 
A Type A Meeting was held between the FDA and the sponsor to discuss the RTF on 
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March 14 2013. There were 33 questions were discussed about the RTF. 
On 23 May 2014, the sponsor resubmitted LCIG (NDA 203952). The resubmission 
addresses deficiencies that were set forth in the RTF letter. Section 1.2 of this application 
has detailed description of how AbbVie addressed each item cited within the RTF letter. 

2 RESULTS OF SPONSOR’S ANALYSIS 

2.1 Sponsor’s Population Pharmacokinetics analysis 

Title of Study: Population Pharmacokinetics of Levodopa Following Jejunal Administration of 
Levodopa-Carbidopa Intestinal Gel or Oral Administration of Levodopa-Carbidopa Capsules to 
Subjects with Advanced Parkinson's Disease–Analyses of Data From LCIG Phase 1 and 3 
Studies 

Objective: To characterize the population pharmacokinetics of levodopa following  jejunal 
administration of levodopa-carbidopa intestinal gel (LCIG) or oral administration of levodopa-
carbidopa (LC-oral) capsules to subjects with advanced Parkinson's disease using the data from 
LCIG Phase 1 and 3 studies. 

Methodology: A nonlinear mixed-effects model was developed to characterize the 
pharmacokinetics of levodopa with LCIG or LC-oral administration using available data from 
Studies S187-1-002 and S187-3-001/S187-3-002. Covariates that accounted for variability in 
levodopa pharmacokinetics were determined and the relationships between covariates and 
levodopa exposure were quantified. The final model underwent internal evaluation using non-
parametric bootstrap and visual predictive check. The model also underwent external evaluation 
by characterizing the ability of the model to predict the pharmacokinetic data from Study S187-
3-004, a study that was not utilized in the model development. The non-linear mixed-effects 
modeling software NONMEM was used for data analysis and simulations. 

Study Subjects: Sixty-eight male and female subjects with advanced Parkinson's disease who 
participated in Studies S187-1-002 and S187-3-001/S187-3-002 and who had available 
pharmacokinetic data and dosing history information (recorded) during the pharmacokinetic 
sampling study days were included in the model development. Of the 68 subjects, 45 subjects 
received LCIG and 23 subjects received LC-oral. Adult male and female subjects (N = 311) with 
advanced Parkinson's disease who participated in Study S187-31-004 and who had plasma 
concentration and dosing history information (recorded or imputed) during the pharmacokinetic 
sampling study days were included in the model external evaluation using stochastic simulations. 

Criteria for Evaluation 
Model Development: Population pharmacokinetic analyses were performed using the actual 
sampling times relative to dosing. Pharmacokinetic models were built using a nonlinear mixed-
effects modeling approach with NONMEM software. The first-order conditional estimation 
(FOCE) method with interaction between inter-subject variability and residual variability was 
used throughout the model building process. A user defined NONMEM subroutine (ADVAN 6) 
was used for model development. One- and two-compartment models were evaluated as starting 
models and complexity was added to the model in a stepwise manner.  Several criteria were used 
to evaluate the improvement in the model performance and to select the final model.  The 
Likelihood Ratio Test was used for comparing rival hierarchical models where a decrease in 
NONMEM objective function value (–2 log likelihood) of 7.88 points was necessary to consider 
the improvement in model performance statistically significant at  = 0.005 and 1 degree of 
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freedom. The Akaike information criterion (AIC) was used for comparing rival non- hierarchical 
models. Other selection criteria used included improved goodness of fit and residual plots, 
increased precision in parameter estimation and reduced variance of inter-subject and residual 
errors. 

Covariates investigated for influence on pharmacokinetic parameters included: body weight 
(WT), age, sex, concomitant use of the catechol-O-methyl transferase (COMT)-inhibitor 
entacapone and treatment (LCIG versus LC-oral). 

Model Internal Evaluation: To assess robustness of the final model and to estimate confidence 
intervals of the model parameters, 1000 bootstrap datasets were constructed by randomly 
sampling (with replacement) from the original dataset. Model parameters were estimated for 
each bootstrap replicate and the resulting values were used to calculate medians and confidence 
intervals. 

To assess the ability of the model to replicate the data from which it was built in simulations, the 
final model parameters were used to simulate 500 replicates of the observed data. Levodopa 
concentrations were categorized by rounded time after dosing. Subsequently, the observed 
concentrations and calculated statistics [median, 5th percentile (P5) and 95th percentile (P95)] of 
observed concentrations were compared graphically to the 95% confidence intervals for the 
median, P5 and P95 of simulated concentrations. The 95% confidence intervals for the median, 
P5 and P95 of simulated concentrations were calculated from the 2.5th percentile and 97.5th 
percentiles of each parameter across simulated replicates. 

Model External Evaluation: To assess the ability of the model to adequately predict levodopa 
plasma concentrations for a study of LCIG that was not utilized in model development, the final 
model parameters were used to simulate 500 replicates of Study S187-3-004 pharmacokinetic 
data. For calculation of summary statistics and graphical display of observed and simulated data 
for Study S187-3-004, concentration data were categorized by rounded time relative to start of 
morning infusion of LCIG. Subsequently, the observed concentrations, as well as calculated 
statistics (median, P5 and P95) of observed concentrations were compared graphically to the 95% 
confidence intervals for the median, P5 and P95 of simulated concentrations. The 95% 
confidence intervals for the median, P5 and P95 of simulated concentrations were calculated from 
the 2.5th percentile and 97.5th percentile of each parameter across simulated replicates. 

Results: The final levodopa population pharmacokinetic model was a two-compartment model 
with a transit compartment for absorption, first-order elimination, bioavailability for LCIG 
relative to LC-oral, different first-order transit absorption rate constants for LCIG versus LC-oral 
and different residual (intra-subject) variability for LCIG versus LC-oral. Inter-subject variability 
was estimated for CL, Vc and KTR using exponential models. The residual variability was 
estimated using a combined additive and proportional error models. Body weight was a 
statistically significant covariate for the volume of the central compartment (volume of the 
central compartment allometrically scaled on body weight with an exponent of 1). Levodopa 
clearance was not found to be statistically significantly correlated with body weight or sex of the 
subject (p > 0.01). Additionally, no statistically significant relationship was found between 
concomitant use of the catechol-O-methyl transferase, entacapone and levodopa clearance. The 
estimated pharmacokinetic parameters and their associated variability for the final model are 
presented below: 
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Parameter 

Point Estimate 
(%RSE)a 

Bootstrap 
Median [95 % CI]b 

KTR (hr-1)      LCIG 
                         LC-oral 

9.2 (19) 
2.4 (30) 

9.7 [6.0 to 14.3] 
2.2 [0.85 to 5.2] 

CL/F (L/hr) 24.8 (5) 24.4 [ 20.4 to 26.8] 
 
Vc/F (L) 

58.5 (11) 
*WT(kg)/70

56.0 [36.6 to 71.0] 
* WT(kg)/70 

Q/F (L/hr) 6.8 (22) 7.9 [4.1 to 17.2] 
Vp/F (L) 72.9 (49) 80.3 [22.9 to 407.8] 
Frel                                 LCIG 
                              LC-oral 

0.97 (1) 
1 Fixed

0.97 [0.95 to 0.98] 
1 Fixed 

2 KTR 0.78 (31) 0.62 [0.13 –1.3] 
2 CL 0.11 (17) 0.11 [0.07 to 0.15] 
2 Vc 0.37 (40) 0.33 [0.09 to 0.94] 

  2 KTR,CL –0.14 (31) –0.11 [–0.23 to –0.005] 
2 

LC-oral 
0.03 (30) 
0.09 (28) 

0.02 [0.008 to 0.05] 
0.09 [0.000001 to 0.13] 

2 

LC-oral 
0.09 (39) 
0.34 (30) 

0.08 [0.005 to 0.20] 
0.35 [0.09 to 0.66] 

Notes:  CI = confidence interval, KTR = first-order absorption transit rate constant, CL/F = apparent clearance, Q/F = apparent 
inter-compartmental clearance; Vc/F = apparent volume of central compartment; 
Vp/F = apparent volume of peripheral compartment; Frel = bioavailability for LCIG relative to LC-oral; 

2  variance of intersubject variability; 2 variance of residual variability 
a.     NONMEM point estimate and the associated % relative standard error (% RSE). 
b.    The median and 95% confidence interval (2.5th and 97.5th percentiles) calculated from the parameter estimates of the 
successfully converging runs (977) of the 1000 bootstrap datasets. 

Results (Continued): The developed levodopa population pharmacokinetic model was robust 
and replicated the features of the data from which it was built in simulations. In addition, the 
model performed well in external evaluation and was able to adequately predict levodopa plasma 
concentrations for a study of LCIG that was not utilized in model development. 

Conclusions: A population model for levodopa pharmacokinetics from Levodopa-Carbidopa 
Intestinal Gel (LCIG) and oral levodopa-carbidopa immediate release formulation (over-
encapsulated sinemet, LC-oral) was developed using available data from Studies S187-1-002 and 
S187-3-001/S187-3-002. The final model underwent internal evaluation using the data from the 
above studies and external evaluation using available pharmacokinetic data from Study S187-3-
004. The final levodopa population pharmacokinetic model was a two-compartment model with 
a transit compartment for absorption, first-order elimination, bioavailability for LCIG relative to 
LC-oral, different first-order transit absorption rate constants for LCIG versus LC-oral and 
different residual (intra-subject) variability for LCIG versus LC-oral.  Inter-subject variability 
was estimated for CL, Vc and KTR using exponential models. The residual variability was 
estimated using a combined additive and proportional error models. Body weight was a 
statistically significant covariate for the volume of the central compartment (volume of the 
central compartment allometrically scaled on body weight with an exponent of 1). Levodopa 
clearance was not found to be statistically significantly correlated with body-weigh or sex of the 
subject (p > 0.01). Additionally, no statistically significant relationship was found between 
concomitant use of catechol-O-methyl transferase, entacapone, and levodopa clearance. Age 
almost reached significance for inclusion as a covariate for levodopa clearance (p=0.0057). The 
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model estimated apparent clearance (CL/F) of levodopa, when co-administered with carbidopa, 
was 24.8 L/h in subjects with advanced Parkinson's disease.  The apparent steady-state volume of 
distribution (VSS/F) of levodopa was approximately 130 L for a 70 kg subject. LCIG showed 
comparable bioavailability to LC-oral with estimated relative bioavailability of 97% (95% 
bootstrap confidence interval of 95% to 98%). LCIG was absorbed faster than LC-oral, which is 
consistent with delivery of levodopa/carbidopa directly to the jejunum with LCIG. The first-
order absorption transit rate constant was estimated to be 9.2 hr-1 for LCIG and 2.4 hr-1 for LC-
oral. The inter-subject variability was estimated to be 88% for the absorption transit rate 
constant, 33% for levodopa apparent clearance and 60% for levodopa central volume of 
distribution. Administration of LCIG was estimated to be associated with approximately half the 
intra-subject variability in levodopa concentrations compared to administration of LC-oral in 
subjects with advanced Parkinson's disease. The estimated proportional residual error (first 
component of intra-subject variability) was 15% for LCIG versus 29% for LC-oral. The 
estimated standard deviation of the additive residual error in levodopa concentrations (second 
component of intra-subject variability) was 0.3 μg/mL for LCIG versus 0.59 μg/mL for LC-oral. 

The developed levodopa population pharmacokinetic model was robust and replicated the 
features of the data from which it was built in simulations. In addition, the model performed well 
in external evaluation and was able to adequately predict levodopa plasma concentrations for a 
study of LCIG that was not utilized in model development. 
 
 
 
 
 
FDA Reviewer’s Comments: The population pharmacokinetics analysis was based on levodopa 
concentration data from the Phase I study S187-1-002 and Phase III studies S187-3-001/S187-3-
002. For model evaluation, the model was successfully applied to levodopa concentration data of 
Phase III study S187-3-004. This population pharmacokinetics analysis had two merits: 

It obtained the bioavailability of levodopa in LCIG relative to levodopa in the oral 
formulation, which was 97%.
It compared the intra-subject variability of levodopa between LCIG and the oral 
formulation.

The clinical questions were addressed by population pharmacokinetics approach instead of 
dedicated studies.  Please refer to the QUESTION BASED REVIEW (QBR) for more 
discussion on the implications of findings from population pharmacokinetic analysis. 

3 FDA REVIEWER’S ANALYSIS 

The reviewer was able to assess the population pharmacokinetic analysis and agrees with the 
findings as reported. 

4 SPONSOR’S ANALYSIS DATA AND FILES 
Listing of Analyses Codes and Output Files 
File Name Description Location in \\cdsnas\pharmacometrics\ 
Model21.ctl.txt Population 

pharmacokine
tic model 

\\Cdsnas\pharmacometrics\Reviews\Ongoing PM 
Reviews\LevodopaCarbidopaIntestinalGel_NDA203952_H
L\pop PK  analysis 
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(Final) 
model21-out.txt Output of 

final 
population 
pharmacokine
tic model 

\\Cdsnas\pharmacometrics\Reviews\Ongoing PM 
Reviews\LevodopaCarbidopaIntestinalGel_NDA203952_H
L\pop PK  analysis 

LCIG_1002_3001_3002_PK_SIM_09AUG12_
V02.CSV 

Population 
pharmacokine
tic dataset 

\\Cdsnas\pharmacometrics\Reviews\Ongoing PM 
Reviews\LevodopaCarbidopaIntestinalGel_NDA203952_H
L\sponsor’s data and reports 
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Cedarbaum JM. Stability of levodopa/carbidopa solutions. Mov Disord. 1997 12(4):625. 
 

Reference ID: 3463353



30 
 

6 APPENDIX: Individual mean daily levodopa dose (mg) data for the patients of Studies 
s187.3001 and s187.3002 at maintenance period (Study Weeks 5-12) 

ID Morning  Flow Rate Pump Rescue Night Unclassified Total 
S187.3.001-101-102
S187.3.001-107-101
S187.3.001-107-110  
S187.3.001-107-111  
S187.3.001-107-112  
S187.3.001-126-102  
S187.3.001-126-103
S187.3.001-130-102  
S187.3.001-148-101  
S187.3.001-149-101
S187.3.001-149-103  
S187.3.001-436-002
S187.3.001-436-103  
S187.3.001-436-104  
S187.3.001-437-001
S187.3.001-439-001
S187.3.001-446-102
S187.3.002-103-102  
S187.3.002-104-102  
S187.3.002-104-105  
S187.3.002-104-107  
S187.3.002-104-109  
S187.3.002-111-102  
S187.3.002-114-102  
S187.3.002-115-102
S187.3.002-119-101  
S187.3.002-119-105  
S187.3.002-127-102
S187.3.002-127-106
S187.3.002-127-109
S187.3.002-127-110  
S187.3.002-136-101
S187.3.002-136-102  
S187.3.002-146-101
S187.3.002-213-101
Average 135 951 1146 116 124 285 1181 
SD 59 462 478 54 67 240 480 
Minimum 0 414 604 50 50 50 631 
Quartile 1 100 669 824 75 75 100 907 
Median 160 854 1022 100 100 200 1031 
Quartile 3 160 1070 1245 146 167 450 1278 
Maximum 274 2738 2935 267 300 800 2942 
Source: sponsor’s dataset “ex30012.xpt” for Studies s187.3001/s187.3002.
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reference (target) product and the test products that are intentionally 
manufactured with meaningful variations for the most relevant critical 
manufacturing variables (i.e., ± 10-20% change to the specification-ranges of 
these variables).

2. For the selection of the dissolution acceptance criterion of your product, the 
following points should be considered:
a. Normally, the dissolution profile data from the pivotal clinical batches and 

primary (registration) stability batches should be used for the setting of the 
dissolution acceptance criterion of your product (i.e., specification-sampling time 
point and specification value). However, we are willing to accept dissolution data 
from stability batches and other batches not tested in clinical trials which are 
being manufactured in the same conditions as those for the clinical batches for 
setting the dissolution acceptance criterion.

b. The in vitro dissolution profile should encompass the timeframe over which at 
least % of the drug is dissolved or where the plateau of drug dissolved is 
reached, if incomplete dissolution is occurring.

c. For immediate release product the selection of the specification time point should 
be where Q=  % dissolution occurs. 

3. The lack of the requested data and information may impact the approvability of your 
application. In order to review the requested data and information in this review 
cycle, the requested information/data needs to be submitted no later than October 30, 
2013.

Further Communications between FDA and the Applicant:
! On September 17, 2013, the Applicant submitted information regarding the 

dissolution method in response to the potential review issues.

! On October 31, 2013, FDA sent an Information Request (IR) to the Applicant, 
which recommended revising the dissolution method to include more suitable 
testing conditions for the drug product.

! On December 13, 2013 the Applicant submitted a revised dissolution method 
with supporting justification for the proposed dissolution method parameters. 

! On January 31, 2014, FDA sent an IR to the Applicant, which advised them to 
establish dissolution acceptance criteria where Q= %, and told them that 
dissolution acceptance criteria for batch release and stability testing should be the 
same. The IR also requested information to account for the expected release in 
carbidopa monohydrate over the course of the shelf-life.

! On February 7, 2014, the Applicant submitted batch information for the 
experimental batches used for the dissolution method development. The 
dissolution data for 10 commercial-scale batches were also submitted to support 
the proposed dissolution acceptance criteria. Additional data also demonstrated 
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Reviewer’s comments on proposed acceptance criteria:
! The proposed dissolution acceptance criteria are not supported by the provided 

dissolution data, and the acceptance criteria for batch release and stability 
testing should be the same. 

! Therefore, on January 31, 2014, the following IR was communicated to the 
Applicant:

o Submit a table including the age of the LCIG batches used for the 
dissolution method development (batches ABBV-1809-11, 131111-H07, 
131111-H08, and 131111-H09) and the LCIG batches used for the 
dissolution studies (batches 131119-S01,  131119-S02,  131119-S03,  
131119-S04,  131119-S05,  131119-S06). The age is the time frame 
between the manufacture date and the dissolution testing date.

o The proposed dissolution acceptance criteria are not supported by the 
provided dissolution data and are not acceptable. Note that the setting of 
the specification time point should be where Q= % dissolution occurs.  
Therefore, using the dissolution data generated from all the tested batches 
with the new dissolution method, including the dissolution data you plan 
to submit in the NDA amendment, submit a proposal for the dissolution 
acceptance criteria of your product.  Note that the dissolution acceptance 
criteria for batch release and stability testing should be the same.

o Due to the degradation observed for carbidopa monohydrate, provide 
information to account for the expected decrease in carbidopa 
monohydrate release over the course of the shelf-life.

We request this information by February 7, 2014.

APPLICANT’S RESPONSES
The Applicant submitted the following information via e-mail on February 7, 2014 in 
response to the IR:

Applicant’s Response to request #1: The batches used for dissolution method 
development and dissolution studies are summarized in Table 1. These were experimental 
batches prepared specifically for these studies, including in most cases intentionally non-
representative raw materials in order to provide a range of  and characterize the 
behavior under the dissolution conditions. They were not previously frozen and generally 
were stored at 5°C for less than 1 week prior to use in the studies. Further description of 
these batches and the dissolution studies are found in the CTD provided with this 
response in the drug product, Justification of Dissolution Specification section (eCTD 
Module 3.2.P.5.6).

Reference ID: 3458749

(b) 
(4)

(b) (4)



25

Reviewer’s comments to request #1 response:
! With the exception of batch ABBV-1809-11, the experimental batches were 

of similar age range. The batch information was not provided for batch 
131119-S06. However, the Applicant conducted additional dissolution 
testing on commercial-scale batches to establish dissolution acceptance 
criteria for levodopa and carbidopa monohydrate. Therefore, the missing 
data for batch 131119-S06 will not be requested.

! The Applicant’s response is acceptable.

Applicant’s Response to request #2: The following are specification criteria (being 
amended to the NDA as part of this response) for dissolution testing of Levodopa-
Carbidopa Intestinal Gel (LCIG) using USP Apparatus 2 at 25 rpm with 500 mL of 0.05 
M acetate buffer, pH 4.5, maintained at 37°C:

Specification
Levodopa: Q = % at 40 minutes
Carbidopa monohydrate: Q = % at 40 minutes

Acceptance criteria will be applied per the Acceptance Table in USP General Chapter 
<711>. These criteria are based upon the dissolution test results from all the tested 
batches utilizing Dissolution Test Procedure RTM.C5531, being submitted to the NDA in 
eCTD Module 3.2.P.5.2. These test results from experimental and commercial scale 
batches are included in the NDA amendment in the drug product, Justification of 
Dissolution Specification section (eCTD Module 3.2.P.5.6). The Module 3 documents 
that are new or updated to reflect the revised dissolution criteria are summarized in Table 
2. No other changes were made to the affected module 3 documents.

Reviewer’s comments to request #2 response:
! Dissolution testing was conducted using the proposed dissolution method on the 

following batches (all within  specifications) to establish dissolution 
acceptance criteria for levodopa and carbidopa monohydrate:
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