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Patient has to be cautioned that if they are already on a Lixisenatide or insulin alone treatment, then 
switching to the FCDP may cause a lowering of the dose of their existing treatment. 
 
2.2.2 Therapeutic individualization 
 
The dose of IGlarLixi must be individualized based on clinical response (plasma glucose reduction) and is 
titrated based on the patient’s need for insulin. The IGlarLixi dose is increased or decreased along with 
insulin glargine dose and also depends on which pen is used.  
 
Due to the design of the device, it is possible that lower than effective doses of lixisenatide are delivered 
with FCDP.  Therefore, patients who are on fully effective dose of lixisenatide (20 µg) and switching to 
IGlarLixi may receive lower than effective doses of lixisenatide for some duration. Furthermore, it is 
important to note that insulin doses of > 60 units cannot be delivered with this FCDP. Therefore, 
therapeutic individuation may not be feasible in certain individuals (e.g. extremely obese individuals) 
who may require insulin doses > 60 units.  
 
Patients adjusting the dose of IGlarLixi, should only do so under proper medical guidance with 
appropriate glucose monitoring. 
 
 
2.3 Outstanding Issues 
 

• The impact of dose-capping and titration algorithm on treatment effect (FCDP vs Insulin) for 
insulin glargine employed in the phase 3 studies was assessed by the applicant using modeling 
and simulation approach. Data limitation prevented development of a viable model to predict the 
effect of different titration algorithms on the clinically relevant endpoint (HbA1c reduction). 
 

• Contribution of lixisenatide in the low dose range (≤ 10 µg) to the overall treatment effect of 
FCDP remains unclear. Due to the study design limitations, no information was available from 
the current studies to make a valid assessment. 

 
 
2.4 Summary of Labeling Recommendations 
 
The Office of Clinical Pharmacology has following general recommendations for the final 
package insert: 

• The combination insulin glargine/lixisenatide is recommended only to be administered in patients 
inadequately controlled on insulin. 
 
See Appendix 4.3 for further labeling comments. 
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meal. GLP-1 is known to regulate nutrient metabolism via stimulating effects on insulin release from the 
pancreatic islets (insulinotropic release), which also affects glucagon secretion (suppressive effect), 
gastric motility (slowing of gastric emptying), and stomach acid secretion.  The active, circulating form of 
GLP-1 in humans is GLP-1 (7-36)-amide. GLP-1 has a very short half-life in circulation (<2 minutes) 
mainly because of rapid N-terminal cleavage by a common enzyme, dipeptidyl peptidase-4 (DPP-4). 
Lixisenatide, an analog of exendin, a naturally occurring peptide is resistant to degradation by DPP-4, and 
therefore, is available to exert its GLP-1 like action for a longer duration than naturally occurring GLP-1. 
 
Pharmacodynamics:  
Postprandial glucose -  A 28-day placebo controlled study in patients with type 2 diabetes assessed the 
effects of 5 to 20 µg QD or BID doses of lixisenatide on blood glucose induced by a standardized 
breakfast test meal. Both 10 and 20 µg QD or BID lixisenatide doses improved glycemic control through 
the effects of lowering both postprandial and fasting glucose concentrations in patients with type 2 
diabetes.  
 
In an 8-week treatment study in combination with insulin glargine with or without metformin, the 
prandial injection of lixisenatide 20 µg once  daily administered in the morning, demonstrated reduction 
of postprandial plasma glucose (AUC 0:30-4:30h) after a test meal, however, this reduction did not last 
for subsequent meals. 
 
Gastric emptying - Following a standardized labelled test meal, lixisenatide slowed down gastric 
emptying, which was maintained in patients with type 2 diabetes for the study duration of 28 days 
treatment, thereby blunting the rate at which postprandial glucose appears in the circulation. 
 
Glucagon secretion - Lixisenatide 20 µg once daily blunted postprandial glucagon levels versus baseline 
after a test meal in patients with type 2 diabetes. In a placebo-controlled hypoglycemic clamp study in 
healthy subjects assessing the effect of single injection of 20 µg lixisenatide on glucagon response, 
counter-regulatory glucagon response was preserved under hypoglycemic conditions in the presence of 
effective lixisenatide plasma concentrations. 
 
 
3.3 Clinical Pharmacology Questions 
 
3.3.1 Does the clinical pharmacology information provide supportive evidence of 

effectiveness? 
 
The data presented in this NDA provides supportive evidence of effectiveness for FCDP in the patient 
population inadequately controlled on insulin (also referred to as insulin experienced population in this 
review). However, the data does not provide a robust supportive evidence of effectiveness for FCDP in 
the insulin naïve population. Specific issues are detailed below. 
 
The data from one phase 2 study (Study ACT12374), and two phase 3 safety/efficacy studies (Studies 
EFC 12404 and EFC 12405) provided evidence of effectiveness of IGlarLixi in producing clinically and 
statistically significant improvements in hemoglobin A1c (HbA1c) (see Clinical review by Dr. 
Balakrishnan in DARRTS).  
 
However, due to issues that relate to the interpretability of the study findings and practical utility of the 
product, the review of this application has raised the following questions: 
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To further explore the impact of insulin capping and alternative titration algorithm on treatment effect 
(FCDP vs Insulin), the sponsor was asked to address this through a modeling and simulation approach. 
However, data limitation prevented development of a viable model for HbA1c.  For details of Sponsor’s 
analyses and reviewer’s comments, please refer to Appendix Section 4.2.1. 
 
Nevertheless, as indicated above, the observed trial data which showed that the effect size of FCDP 
compared to insulin is lower in phase 3 compared to the phase 2 study, provides an indirect evidence that 
treatment effect in phase 3 for the insulin naïve population may have been lower if a titration algorithm 
with uncapped insulin doses as described in Table 3 would have been utilized. 
 
 
What is the appropriate target population for proposed FCDP?  
 
The patient population that appears to benefit from this FCDP are the patients who are insulin 
experienced. Despite the limitation with insulin capping and titration algorithm, in insulin patients 
previously treated with basal insulin (study EFC12405), a larger effect size of -0.52% was observed 
between FCDP and Insulin (Figure 3), suggesting greater benefit in this patient population.  
 

 
Figure 3: Mean HbA1c (%) by visit in Insulin treated patients (study EFC12405) 

 
The same trend was also seen in proportion of patients reaching the target HbA1c reduction. In Figure 4, 
the difference between insulin and FCDP arms is lower in the naïve population compared to the insulin 
experienced population. Also, consistent with the mean HbA1c reduction, the difference in proportion of 
patients reaching the target HbA1c reduction was smaller with un-capped insulin dosing and more 
intensive titration (study ACT12374) compared to the phase 3 study (EFC12404). These findings indicate 
that, the FCDP treatment is more beneficial for patients that were on prior insulin therapy, but not as 
much for the insulin naïve patients than the treatment of Insulin alone. 
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The use of 2 pens with 2 different dose-ranges was intended to ensure that patients requiring lower daily 
doses of insulin are receiving clinically effective doses of lixisenatide, while those patients requiring 
higher daily doses of insulin (up to 60 U) will receive no more than the recommended 20 μg daily dose of 
lixisenatide. During titration, the choice of a pen delivering 10 to 40 U or delivering 30 to 60 U was based 
on the patient’s current insulin glargine requirement. 
 
The appropriateness of the two ratios was confirmed in the Phase 3 pivotal studies where patients 
successfully switched from the 2:1 ratio to the 3:1 ratio as their insulin requirements increased. The 
concomitant up-titration of lixisenatide was also successful. In Study EFC12404 (insulin naïve), the 
majority of patients (more than 85.0%) in the FCDP group were receiving ≥10 to ≤20 μg of lixisenatide at 
the end of the 30-week treatment period (Table 5). In Study EFC12405 (insulin-pretreated), all but 3 
patients in the combination group were receiving ≥10 to ≤20 μg of lixisenatide at the end of the treatment 
period (Table 5). 
 
Assessing the contribution of lixisenatide to treatment effect of FCDP 
 
A valid question is regarding the contribution of the components to the overall efficacy and safety of the 
product across the entirety of the dose range. However, the design of the studies does not allow evaluation 
on the contribution of each component to the efficacy across the entire dose range. Specifically, there are 
limited data to inform the contribution of lixisenatide to HbA1c reduction at the lower part of the FCDP 
dosing range.   
 
Lixisenatide when given alone is currently used with a starting dose of 10 μg and a maintenance dose of 
20 μg. The starting dose 10 µg would be used solely for titration purposes to mitigate GLP-1 related 
gastrointestinal side effects, such as nausea and vomiting. 
 
The selection of dose range for the FCDP was influenced by the dose-response data for lixisenatide 
besides other product design considerations. Figure 5 shows the dose-response analysis from the 
lixisenatide monotherapy trial DRI6012 from the lixisenatide program.  This analysis showed that ED50 of 
lixisenatide for HbA1c was around 11 µg and lower lixisenatide doses especially ≤ 10 µg were sub-
optimal (Details in Section 4.2.2). 
  

Reference ID: 3968185





23 
 

population, there were much fewer patients between week 4 and end of the trial who were on ≤ 10 µg 
dose of lixisenatide. In the insulin naïve patients (study EFC12404), only 20% of the population was at 
the approved lixisenatide dose of 20 µg by the end of the trial.  In the insulin treated patients (study 
EFC12405), a slightly higher percentage, 30% of the patients were at the approved 20 µg dose of 
lixisenatide at trial end. Although the majority of study subjects achieved doses between 10 µg and 20 µg 
of lixisenatide, this could be an artifact of study design. Since the patients were on prior basal insulin,  the 
starting dose of insulin was 30 Units,  which would correspond to minimum 15 µg or 10 µg starting dose 
of lixisenatide, depending on whether Pen A or Pen B was used to initiate the dose. In addition, non-
metformin anti-diabetic drugs were discontinued prior to randomization which could result in a need for 
higher insulin doses. If the other oral antidiabetic drugs had been continued (as could occur in clinical 
practice), there may not have been a need for higher doses of insulin glargine or the FCDP. 
 

 
Figure 6: Distribution of lixisenatide dose over time in two phase 3 studies 

 
The sponsor conducted post hoc analysis by final insulin and lixisenatide dose levels to support the use of 
the product over the entirety of the dose range of the FCDP. Key efficacy endpoints and safety data 
including symptomatic hypoglycemia were evaluated. Since the subgroups were identified based on post-
randomization parameters at Week 30, post hoc statistical comparisons between treatment groups were 
not performed.  
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• F1: 100 units/mL insulin glargine / 50 μg/mL lixisenatide (ratio 2 units/1 μg; batch numbers 
C1016632 and C1016725) 

• F2: 100 units/mL insulin glargine / 100 μg/mL lixisenatide (ratio 1 unit/1 μg; batch number 
C1020125) 

• F3: 100 units/mL insulin glargine / 200 μg/mL lixisenatide (ratio 0.5 unit/1 μg; batch number 
C1020128) 
 

The four treatments in the study were as follows: 
• Treatment A = 20 μg lixisenatide and 10 units Lantus® U100; 1 injection of 100 μL using 

formulation F3 
• Treatment B = 20 μg lixisenatide and 20 units Lantus® U100; 1 injection of 200 μL using 

formulation F2 
• Treatment C = 20 μg lixisenatide and 40 units Lantus® U100; 1 injection of 400 μL using 

formulation F1 
• Treatment D = 20 μg lixisenatide and 40 units Lantus® U100; 4 separate sequential injections of 

100 μL (in the same minute, 2 on the right and 2 on the left of the umbilicus) using formulation F1 
 
The primary objective of this study was to assess the relative bioavailability of lixisenatide in the presence 
of Lantus® U100 given in varying pharmaceutical forms, and the secondary objectives were to assess the 
safety and tolerability of lixisenatide in presence of Lantus U100 given in varying pharmaceutical forms. 
 
Mean concentration-time profiles for lixisenatide from the four treatments are shown in Figure 8 below: 
 

 
Figure 8 Mean plasma Lixisenatide concentrations in presence of Insulin given in varying 

pharmaceutical forms 

 
Lixisenatide: For AUClast and AUC, the point estimates for treatment ratios (T/R) were between 0.99 and 
1.04, with both parameters calculated to be within formal equivalence limits. 
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Administration of lixisenatide 20 μg in solutions containing 10 units (Treatment A), 20 units (Treatment 
B) or 40 U (Treatment C, 1 x 400 μL; Treatment D, 4 x 100 μL) of insulin glargine resulted in similar 
exposure to lixisenatide regardless of the treatment. For AUC and AUClast, all point estimates and 90% 
confidence intervals were within the bioequivalence interval of 0.80 to 1.25. For Cmax, all point estimates 
and 90% confidence intervals were within the bioequivalence interval except for the lower limits of the 
CIs for treatment ratios A/C and A/D which fell just below the bioequivalence limit. 
 
A Forest plot of relative bioavailability of two IGlarLixi premixed formulations compared to the 
individual components is shown in Figure 9 below: 

 
 
Figure 9: Relative bioavailability of lixisenatide in presence of Insulin given in varying 

pharmaceutical forms 

 
 

b. Relative bioavailability of insulin glargine and lixisenatide given separately as simultaneous 
subcutaneous (SC) injection versus single SC injection from fixed ratio premixed insulin 
glargine/lixisenatide formulations in T1DM patients 

 
The relative bioavailability of insulin glargine and lixisenatide given separately as simultaneous SC 
injection versus single SC injection from fixed ratio premixed insulin glargine/lixisenatide formulations 
was evaluated in T1DM patients in study BDR10880.  This was a randomized, cross-over, open 
euglycemic clamp study in 42 male and female subjects between 18 and 65 years of age with diabetes 
mellitus type 1 for more than one year with an average total insulin dose of <1.0 U/kg/day, fasting 
negative serum C-peptide (<0.3 nmol/L), glycohemoglobin (HbA1c) ≤9% and stable insulin regimen for 
at least 2 months prior to study. 
 
Subjects received a single SC injection administration of the investigational products as follows: 
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Test 
Test 1 (T1, strength 1): injection of insulin glargine (Lantus) 0.4 U/kg and lixisenatide 0.264 µg/kg of a 
premixed formulation, containing insulin glargine 100 U/mL and lixisenatide 66 µg/mL, at one peri-
umbilical site; (Batch no. FRA-001346) 
Test 2 (T2, strength 2): injection of insulin glargine 0.4 U/kg and lixisenatide 0.100 µg/kg of a premixed 
formulation, containing insulin glargine 100 U/mL and lixisenatide 25 µg/mL, at one peri-umbilical site. 
(Batch no. FRA-001345) 
 
Reference 
Reference 1 (R1, strength 1): separate simultaneous injections of insulin glargine 0.4 U/kg and lixisenatide 
0.264 µg/kg at opposite peri-umbilical sites; 
Reference 2 (R2, strength 2): separate simultaneous injections of insulin glargine 0.4 U/kg and lixisenatide 
0.100 µg/kg at opposite peri-umbilical sites. 
 Batch numbers: R1 and R2: 
 40U582: Insulin glargine, 100 U/mL; 
 FRA-00931/40B001/BX1000578: Lixisenatide, 100 µg/mL. 
 
The primary objective of this study was to assess the relative bioavailability of insulin glargine and 
lixisenatide given separately simultaneously versus fixed ratio premixed insulin glargine/lixisenatide 
formulations as subcutaneous single dosing. The secondary objectives of this study were to compare the 
activity of insulin glargine and lixisenatide given separately simultaneously versus fixed ratio premixed 
insulin glargine/lixisenatide formulations as single subcutaneous dosing; and the safety and tolerability of 
fixed ratio premixed insulin glargine/lixisenatide formulations. 
 
To assess the pharmacodynamics (PD) of insulin glargine and lixisenatide given separately  
simultaneously and given as premixed formulations, the blood glucose concentration and glucose infusion 
rate (GIR) were continuously recorded during the clamp procedure, and used to calculate the area under 
the curve (AUC) for GIR within 24 h (GIR-AUC0-24h) and the time to 50% of the total GIR-AUC within 
24 h (T50%-GIR-AUC0-24h), both standardized according to body weight. Maximum GIR (GIRmax) and the 
time to GIRmax, GIR-tmax were also calculated. 
 
Mean blood glucose concentration (red curve) and corresponding glucose infusion rate (blue curve) 
following single dose administration of the FCDP (premixed or as individual components) during glucose 
clamp are shown in Figure 10 below: 
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Test 1 (Premix-1) Reference 1 (Separate simultaneous injections) 

  
 
Test 2 (Premix-2) Reference 2 (Separate simultaneous injections) 

  
Figure 10 Mean blood glucose concentrations and corresponding glucose infusion rates following 

administration of lixisenatide and insulin glargine from two separate pre-mix 
formulations of separate simultaneous injections 

 
As assessed by the results of GIR- AUC0-24h, the PD activity of the premixed T1 were comparable with 
the effects observed with the reference treatment R1 (T1/R1: 0.95; 90% CI: 0.76 to 1.18), and lower for 
the T2 versus R2 comparison; the lower limit of the CI of the treatment ratio was 0.61 (T2/R2: 0.83; 90% 
CI: 0.61 to 1.12). The T50%-GIR AUC0-24h varied by approximately 1 h between treatments. 
 
Mean concentration-time profiles for lixisenatide and insulin from the two pre-mixes and separate 
injections are shown in Figure 11 below. 
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T1/R1 Comparison - Lixisenatide T2/R2 Comparison- Lixisenatide 

  
 
T1/R1 Comparison - Insulin T2/R2 Comparison- Insulin 

  
Figure 11 Mean lixisenatide and insulin concentrations from two pre-mixe formulations or 

separate simultaneous injections 

 
Pharmacokinetic comparison: 
 
Lixisenatide: 
For AUClast and AUC, the point estimates for treatment ratios (T/R) were between 0.82 and 0.97, with 
only the latter calculated to be within formal equivalence limits. 
 
Total lixisenatide exposure (AUC), when given as a premixed insulin glargine/lixisenatide combination, 
almost met the equivalence criteria for strength 1 ((point estimate [PE] 0.92; 90% CI: 0.78 to 1.08), and 
did meet the equivalence criteria for strength 2 (PE 0.97; 90% CI: 0.83 to 1.13), as compared to the 
exposure of lixisenatide administered separately. 
 
Following administration of either of the premix formulations (T1 or T2), the Cmax observed for 
lixisenatide was lower than that observed after the separate administration of lixisenatide (R1 or R2), not 
meeting the equivalence criteria (80%-125%). Cmax was 66% and 78% of the separate administrations (R1 
and R2, respectively) and tmax was achieved 1 h later at T1 and 0.75 h later at T2 as compared to R1 and 
R2, respectively. Dose proportionality of lixisenatide exposure was indicated, both when given separately 
simultaneously with insulin glargine and when given in the premixed formulations. Cmax did not increase 
in proportion to the dose. 
 
Additional information from analysis across strengths (1 and 2) showed dose-proportionality of 
lixisenatide exposure, both for test (T1/T2) and reference treatments (R1/R2).Cmax was shown to increase 
in a manner less than proportional with dose. 
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Insulin glargine: 
For AUC0-24h the point estimates were 0.86 (90% CI: 0.77 to 0.96) and 0.88 (90% CI: 0.79 to 0.98) for the 
treatment ratios T1/R1 and T2/R2, respectively, indicating no formal equivalence of insulin glargine 
exposure, as the lower CI of the ratios T1/R1 and T2/R2 were below 0.8000. The time to 50% of AUC0-24h 
following administration of R1 and T1, and R2 and T2, was not different. 
 
Additional information from analysis across strengths (1 and 2) showed insulin glargine exposure to not 
differ between T1 and T2 or between R1 and R2. 
 
A Forest plot of relative bioavailability of two IGlarLixi premixed formulations compared to the 
individual components is shown in Figure 12 below: 

 
Figure 12: Relative bioavailability of two iGlarLixi formulations compared to separate 

simultaneous injections of lixisenatide and Lantus  

 
 
In conclusion, insulin glargine exposure following FCDP was 12 to 14% lower on average from that of 
insulin glargine alone. 
 
For the T1/R1 comparison, lixisenatide maximum concentration following FCDP was 34% lower without 
a significant change in overall exposure when compared to those of lixisenatide alone.  For the T2/R2 
comparison, lixisenatide maximum concentration following FCDP was 22% lower with a similar overall 
exposure when compared to those of lixisenatide alone.  Tmax for both the premix formulations were 
delayed compared to separate injections of lixisenatide. 
 
Based on the glucose infusion rate (GIR) data from the euglycemic clamp, the PD effects of insulin 
glargine were affected to a smaller degree from the premix administration compared to separate 
administration than the counterpart in PK. 
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3.3.5 Are there clinically relevant food-drug or drug-drug interactions and what is the 
appropriate management strategy? 

 
GLP-1 agonists, based on their mechanism of action, have a gastric delaying effect. Data from ADLYXIN 
NDA (NDA 208471) shows that the gastric delaying effect following administration of lixisenatide lasts 
for approximately 4 hours after a 10 µg dose and 7 hours after a 20 µg dose.   Several drug-drug 
interaction studies were conducted in the ADLYXIN NDA program to evaluate the effect of the delaying 
effect of lixisenatide on the pharmacokinetics of the concomitantly administered drugs. Specific dosing 
recommendations for these drug-drug interactions are provided below. 
 
Drug-Drug Interactions 
Several drug-drug interactions have been reported with the lixisenatide monotherapy from NDA 208471.  
Since drug-drug interaction studies were not carried out for IGlarLixi, a summary of the information from 
the lixisenatide NDA 208471 (ADLYXIN) is presented here: 
 
Acetaminophen 
No effects on acetaminophen Cmax and tmax were observed when acetaminophen was administered 1 hour 
before ADLYXIN. When administered 1 or 4 hours after 10 µg ADLYXIN, Cmax of acetaminophen was 
decreased by 29% and 31% respectively and median tmax was delayed by 2.0 and 1.75 hours, respectively. 
 
Oral contraceptives  
Following administration of a single dose of ethinylestradiol 0.03 mg/levonorgestrel 0.15 mg 1 hour 
before or 11 hours after 10 µg ADLYXIN, the Cmax, AUC, t1/2 and tmax of ethinylestradiol and 
levonorgestrel were unchanged.  
 
Administration of the oral contraceptive 1 hour or 4 hours after ADLYXIN did not affect AUC and t1/2 of 
ethinylestradiol and levonorgestrel, whereas Cmax of ethinylestradiol was decreased by 52% and 39% 
respectively and Cmax of levonorgestrel was decreased by 46% and 20%, respectively and median tmax was 
delayed by 1 to 3 hours. 
 
No dose adjustment for oral contraceptives is recommended when coadministered with IGlarLixi.  
However, it is recommended that oral contraceptives be administered at least 1 hour before or at least 11 
hours after IGlarLixi administration. 
 
Atorvastatin  
When ADLYXIN 20 µg and atorvastatin 40 mg were coadministered in the morning for 6 days, the 
exposure of atorvastatin was not affected, while Cmax was decreased by 31% and tmax was delayed by 3.25 
hours. No such increase for tmax was observed when atorvastatin was administered in the evening and 
ADLYXIN in the morning but the AUC and Cmax of atorvastatin were increased by 27% and 66% 
respectively.  
 
Patients taking statins such as atorvastatin should be advised to take statin at least 1 hour before IGlarLixi 
administration. 
 
Warfarin and other coumarin derivatives  
After concomitant administration of warfarin 25 mg with repeated dosing of ADLYXIN 20 µg, there 
were no effects on AUC or INR (International Normalized Ratio) while Cmax was reduced by 19% and 
tmax was delayed by 7 hours. 
 
No dose adjustment for warfarin is recommended when co-administered with IGlarLixi, however, careful 
monitoring of the patients INR is recommended.  
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insulin dose directly. To address the Agency request, a model characterizing the relationship between the 
insulin doses and fasting SMPG was first developed, with several assumptions made to the model:  

• The response of fasting SMPG was assumed to be relatively fast to a change in insulin dose. 
Within 5-7 days after a dose change, a stable glucose response to that dose change has been 
achieved.  

• The placebo response was zero. Because there was no placebo arm, insulin glargine was analyzed 
as a single arm per trial. 

•  
The model structure is shown below: 

 
where Emax,i=exp(Emax+ηEmax,i), ED50,i=exp(ED50+ηED50,i), λi=exp(λ+ηλ,i), SMPGit is fasting SMPG in 
the ith subject at time t, Emax,i is the maximal drug effect, reflecting the minimum fasting SMPG level that 
can be achieved by a patient, Doseit is the daily insulin glargine dose, ED50,i is the dose causing a 50% 
reduction in fasting SMPG change over baseline, and λ is the hill factor reflecting the steepness of the 
dose response relationship. Emax was restricted to be positive. ηEmax,I , ηed50,i and ηλ,i are between subject 
random effects assumed to be normally distributed with mean 0 and SD ωEmax, ωed50 and ωλ  εit is the 
residual within subject variability with SD of σ. The within subject correlation (rho) of the residuals for 
the 3 fasting SMPG measurements at each week was also estimated. Based on the above model structure, 
the impact of baseline fasting SMPG on Emax and ED50 was evaluated and was not found to 
significantly impact these parameters. 
 
Table 10 shows the parameter estimates from the joint analysis of ACT12374 and EFC12404 and the 
analysis of each trial separately. There was no statically significant difference in model parameters Emax, 
ED50 and λ between the two studies. The pooled model was then used for the final simulations. 
 
Table 10. Parameter estimates of the Dose-SMPG model 

 
Source: Sponsor’s Response to Information request dated 3-Mar-2016 to 22-Apr-2016 
 
The sponsor provided the model simulated fasting SMPG effect over time overlaid the observed data for 
ACT12374 and EFC12404, to show that the model reasonably fits the mean time course of the fasting 
SMPG well for both studies (Figure 13). The model simulated individual dose response profiles of 
fasting SMPG for first 12 patients are also provided (Figure 14). 
  

Reference ID: 3968185



37 
 

 
Figure 13. Model simulated fasting SMPG profile overlaid observed means of individual means by 

week with 95% CI for ACT12374 and EFC12404 
Source: Sponsor’s Response to Information request dated 3-Mar-2016 to 22-Apr-2016 
 

 
Figure 14. Model simulated individual dose response profile of the fasting SMPG for first 12 

patients in Study 12374  
Source: Sponsor’s Response to Information request dated 3-Mar-2016 to 22-Apr-2016 
 
Based on the established model, simulations were conducted according to the FDA’s information 
requests. The individual time course of insulin dose and fasting SMPG response with the specified 
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titration and dose capping algorithms were simulated for the study population in study EFC12404 and 
EFC12405.  
 
The simulated results for insulin dose are presented in Figure 15. There is a substantial impact on the 
mean insulin dose for the patients from EFC12404 if the dose is capped at 60 U/day or uncapped but 
slightly increased if a more aggressive algorithm is used. A fraction of the patients that were capped at 60 
U/day would have received a higher insulin dose (up to 100 U), if no dose cap was applied. Based the 
simulated results in SMPG (Figure 16), the fasting SMPG is not impacted by the higher insulin dose 
achieved in the uncapped titration algorithm, but slightly lowered with the aggressive titration algorithm. 
 

  
Figure 15. Simulated mean insulin dose over time (left) and Simulated Insulin dose distribution at 

week 30 (right) if dose is capped at 60 U/day (blue line), uncapped (red line), or 
uncapped with aggressive algorithm from ACT12374 (green line) for the patients in 
EFC12404 

Source: Sponsor’s Response to Information request dated 3-Mar-2016 to 22-Apr-2016 
 

 
Figure 16. Simulated mean fasting SMPG over time if dose is capped at 60 U/day (blue line), 

uncapped (red line), or uncapped with aggressive algorithm from ACT12374 (green line) 
for the patients in EFC12404 

Source: Sponsor’s Response to Information request dated 3-Mar-2016 to 22-Apr-2016 
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Results for study EFC12405 is not presented in this review, because the patients were previously treated 
with Insulin and therefore are not expected to be sensitive to the change in Insulin dosing or titration 
algorithm. 
 
Next, to translate the simulated fasting SMPG responses to HbA1c, the sponsor conducted linear-
regression analysis using data at each HbA1c visit. Different metrics of SMPG and HbA1c were explored 
(absolute, change from baseline) at various visit points (Week 12, Week 24 and Week 30), and the 
estimated slope was similar. As an example, Figure 17 shows the observed and predicted relationship 
between absolute fasting SMPG and HbA1c at final visit in 3 studies. 
 

 
Figure 17. Method 1: Observed (symbols) and predicted (line) relationship between absolute fasting 

SMPG and observed HbA1c at final visit in ACT12374, EFC12404 
Source: Sponsor’s Response to Information request dated 3-Mar-2016 to 22-Apr-2016 

 
And finally, the HbA1c Reponses were simulated based on the relationships. Figure 18 shows simulated 
mean HbA1c change from baseline, overlaid with observed data. The sponsor concluded that the 
uncapped or more aggressive dosing had negligible impact on HbA1c change from baseline compared to 
the original dosing scheme in study EFC12404, especially at Week 30.  
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Figure 18. Left: Observed time course of mean change from baseline HbA1c for insulin glargine 

(IG) and simulated mean HbA1c change from baseline if dose is capped at 60 U/day, 
uncapped (green), uncapped with aggressive algorithm from ACT12374, or observed 
mean change from baseline for the fixed ratio combination (FCDP) with 95% CI for the 
patients in EFC12404; Right: Comparison of observed time course of mean change from 
baseline in HbA1c and simulated population mean change from baseline in HbA1c for 
Insulin arm in study ACT12374 

Source: Sponsor’s Response to Information request dated 3-Mar-2016 to 03-Jun-2016 
 
 
Reviewer’s Comments:  
Although, the developed longitudinal dose-response model for fasting SMPG has shown to describe the 
observed SMPG data reasonably well, there are certain issues that limit the applicability of this model to 
predict the effect of different titration algorithms on clinically relevant endpoint (HbA1c reduction) in 
insulin naïve patients: 

1. For the simulations, the strategies used to account for the deviation between protocol defined 
insulin dose adjustments vs. actual dose adjustment were not patient specific and can’t really 
capture the range of reasons for the titrations to slow down. 

2. It is worth noting that the ED50 and Emax for the longitudinal dose-SMPG model (Table 10) 
between the ACT12374 and EFC12404 population are similar. However, the HbA1c profiles for 
insulin arm in the two studies are not similar, as seen with the blue lines in Figure 13. Therefore, 
it is reasonable to conclude that it is not possible to explain the difference between the two 
studies in terms of HbA1c, using the developed model. 

3. In addition, due to the sparse sampling of HbA1c, linear regression was conducted to develop a 
relationship between SMPG and HbA1c which is not an adequate strategy to link SMPG to 
HbA1C as these effects are not directly related. Therefore, uncertainty exists whether or not the 
predicted HbA1C profiles demonstrate the expected difference between the titration scenarios. 
The simulated results therefore may not represent the true effect of insulin dose capping and 
titration scheme. 
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Reviewer's Comments:  
 
Sponsor's dose response analysis is reasonable and captures the overall trend of dose-response 
indicating that increase in response with increasing dose over a dose range of 5 to 30 µg once daily.  
 
However, there are two important aspects to be noted:  

1. The model predicted response at 5 µg is under-predicted while the response for 10 µg is over 
predicted which results in a greater separation of HbA1c between 5 and 10 µg compared to the 
observed data. 

2. The ED50 estimate is not precise with a 95% CI of 1.9 to 66.6 µg.  
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12  CLINICAL PHARMACOLOGY 
12.1 Mechanism of Action 
TRADENAME 

Insulin glargine 
The primary activity of insulin, including insulin glargine, is regulation of glucose metabolism. Insulin 
and its analogs lower blood glucose by stimulating peripheral glucose uptake, especially by skeletal 
muscle and fat, and by inhibiting hepatic glucose production. Insulin inhibits lipolysis and proteolysis, 
and enhances protein synthesis. 
 
Lixisenatide 
Lixisenatide is a GLP-1 receptor agonist. Lixisenatide increases glucose-dependent insulin release, 
decreases glucagon secretion, and slows gastric emptying.  
 
12.2 Pharmacodynamics 
 
The combination of insulin glargine and lixisenatide has no impact on the pharmacodynamics of of 
insulin glargine. The impact of the combination of insulin glargine and lixisenatide on the 
pharmacodynamics of lixisenatide has not been studied in phase 1 studies.  
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12.3 Pharmacokinetics  
TRADENAME 
The  insulin glargine/lixisenatide ratio has no relevant impact on the PK of insulin glargine in 
TRADENAME.  
 
Compared to administration of lixisenatide alone, the Cmax is  lower whereas the AUC is 
generally comparable when administered as TRADENAME. The insulin glargine/lixisenatide ratio has no 
impact on the PK of lixisenatide in TRADENAME. The observed differences in the PK of lixisenatide 
when given as TRADENAME or alone are not considered to be clinically relevant.  
 
Absorption 
After subcutaneous administration of insulin glargine/lixisenatide combinations to  

 insulin glargine showed no pronounced peak. Exposure to insulin glargine ranged from 86% to 
101% compared to administration of insulin glargine alone. 
 
After subcutaneous administration of insulin glargine/lixisenatide combinations to patients with type 1 
diabetes, the median tmax of lixisenatide was in the range of 2.5 to 3.0 hours. There was a small decrease 
in Cmax of lixisenatide of 22-34% compared with separate simultaneous administration of insulin glargine 
and lixisenatide, which is not likely to be clinically significant. There are no clinically relevant 
differences in the rate of absorption when lixisenatide is administered subcutaneously in the abdomen, 
thigh, or arm.  
 
Distribution  

 
 
Metabolism and Elimination 
A metabolism study in humans who received insulin glargine alone indicates that insulin glargine is partly 
metabolized at the carboxyl terminus of the B chain in the subcutaneous depot to form two active 
metabolites with in vitro activity similar to that of human insulin, M1 (21A-Gly-insulin) and M2 (21A-
Gly-des-30B-Thr-insulin). Unchanged drug and these degradation products are also present in the 
circulation. 
 
Lixisenatide is presumed to be eliminated through glomerular filtration, and proteolytic degradation. 
 
After multiple dose administration in patients with type 2 diabetes, mean terminal half-life  
was approximately 3 hours and the mean apparent clearance (CL/F) about 35 L/h. 
 
Special Populations 
Effects of Age, Body weight, Gender and Race.  
Insulin glargine 
Effect of age, race, and gender on the pharmacokinetics of insulin glargine has not been evaluated. In 
controlled clinical trials in adults with insulin glargine (100 units/mL), subgroup analyses based on age, 
race, and gender did not show differences in safety and efficacy.  

 
Lixisenatide  
Age, body weight, gender, and race were not observed to meaningfully affect the pharmacokinetics of 
lixisenatide in population PK analyses. 
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Renal Impairment 
Lixisenatide 
Compared to healthy subjects  

 (N=4)], plasma Cmax of lixisenatide was increased by approximately 60%, 42%, and 83% in 
subjects with mild [CLcr 60-89 mL/min (N=9)], moderate [CLcr 30-59 mL/min (N=11)], and severe 
[CLcr 15-29 mL/min (N=8)] renal impairment. Plasma AUC was increased by approximately 34%, 69% 
and 124% with mild, moderate and severe renal impairment, respectively [see Use in Specific Populations 
(8.6)].  

 

Drug Interaction Studies with TRADENAME  
Due to their peptidic nature, insulin glargine and lixisenatide have no relevant potential to induce or 
inhibit CYP isozymes and therefore, no direct drug interaction is expected. 
 
Beyond the interaction studies performed with the individual components no additional interaction studies 
were conducted with TRADENAME. 
 
Drug Interaction Studies with lixisenatide  
The drug interaction studies focused on the potential for lixisenatide to influence the rate and extent of 
exposure to coadministered drugs due to its known delaying effect on gastric emptying. 
 
Acetaminophen 
Lixisenatide 10 mcg did not change the overall exposure (AUC) of acetaminophen following 
administration of a single dose of acetaminophen 1000 mg, whether before or after lixisenatide. No 
effects on acetaminophen Cmax and tmax were observed when acetaminophen was administered 1 hour 
before lixisenatide. When administered 1 or 4 hours after 10 mcg lixisenatide, Cmax of acetaminophen was 
decreased by 29% and 31%, respectively, and median tmax was delayed by 2.0 and 1.75 hours, 
respectively. 
 
Oral contraceptives  
Administration of a single dose of an oral contraceptive medicinal product (ethinylestradiol 
0.03 mg/levonorgestrel 0.15 mg) 1 hour before or 11 hours after 10 mcg lixisenatide, did not change Cmax, 
AUC, t1/2 and tmax of ethinylestradiol and levonorgestrel.  
 
Administration of the oral contraceptive 1 hour or 4 hours after lixisenatide did not affect the overall 
exposure (AUC) and mean terminal half-life (t1/2) of ethinylestradiol and levonorgestrel. However, Cmax of 
ethinylestradiol was decreased by 52% and 39%, respectively, and Cmax of levonorgestrel was decreased 
by 46% and 20%, respectively, and median tmax was delayed by 1 to 3 hours.  
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Atorvastatin  
When lixisenatide 20 mcg and atorvastatin 40 mg were coadministered in the morning for 6 days, the 
exposure of atorvastatin was not affected, while Cmax was decreased by 31% and tmax was delayed by 
3.25 hours. No such increase for tmax was observed when atorvastatin was administered in the evening and 
lixisenatide in the morning but the AUC and Cmax of atorvastatin were increased by 27% and 66%, 
respectively. 

 
Warfarin and other coumarin derivatives  
After concomitant administration of warfarin 25 mg with repeated dosing of lixisenatide 20 mcg, there 
were no effects on AUC or INR (International Normalized Ratio) while Cmax was reduced by 19% and tmax 
was delayed by 7 hours.  

 
Digoxin  
After concomitant administration of lixisenatide 20 mcg and digoxin 0.25 mg at steady state, the AUC of 
digoxin was not affected. The tmax of digoxin was delayed by 1.5 hour and the Cmax was reduced by 26%.  
 
Ramipril 
After concomitant administration of lixisenatide 20 mcg and ramipril 5 mg during 6 days, the AUC of 
ramipril was increased by 21% while the Cmax was decreased by 63%. The AUC and Cmax of the active 
metabolite (ramiprilat) were not affected. The tmax of ramipril and ramiprilat were delayed by 
approximately 2.5 hours.  
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☐ Exposure-Efficacy   

☐ Exposure-Safety   

Total Number of Studies   12 
In Vitro 

 
In Vivo 

 
Total Number of Studies to be Reviewed  
     8 

0 8 
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cexploratory studies 
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Conclusions 

• This NDA is filable from OCP perspective.

• No OSI inspection is requested.  
– Clinical studies used the final to-be marketed formulation.  However, the commercial device 

differs slightly from the device used in the pivotal clinical trials.  In the pre-NDA meeting, the 
sponsor was asked to clarify whether the to-be-marketed presentation (i.e., formulation and 
device) is the same as that used in the Phase 3 studies.  The sponsor had indicated that as 
previously communicated to the Agency, the pen, pen labeling, IFU, and prescribing 
information (USPI) used in the clinical trials and the planned commercial materials were 
different in some respects. The planned commercial materials were used in the HFV Study

– Are the results of the HFV study sufficient to bridge the drug/device combination between the 
clinical and commercial products?

17  
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