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1 Recommendations/Risk Benefit Assessment 
 

1.1 Recommendation on Regulatory Action 

The NDA is for a fixed combination drug product (FCDP) of insulin glargine and 
lixisenatide in a re-usable pen-injector. The applicant is seeking an indication as an 
adjunct to diet and exercise to improve glycemic control in adults with type 2 diabetes 
mellitus when treatment with insulin glargine and lixisenatide is appropriate.  The initial 
presentation of the drug product was as a solution for injection containing 100 U/mL 
insulin glargine and 50 or 33 μg/mL lixisenatide, in two disposable pen-injectors (see 
section 2.1 for further details). The injectors contained a 3 mL cartridge prefilled with 
insulin glargine and lixisenatide in two different fixed-ratios (2:1- dose range of 10-40U 
insulin glargine; 3:1- dose range of 30-60U of insulin glargine).  The revised 
presentation of the drug product is a single pen-injector containing 100 U/mL insulin 
glargine and 33 μg/mL lixisenatide with a recommended dose range of 15-60U 
(see7.3.5.2.1 Revised Product Presentation). 
 
Based on my review of the clinical data, the two pivotal phase 3 studies address a 
regulatory question as per 21 CFR 300.50 to demonstrate contribution of each 
component (insulin glargine and lixisenatide) to the efficacy response.  However due to 
the review issues identified, I recommend approval of the revised product presentation 
(single pen injector with 100 U/mL insulin glargine and 33 μg/mL lixisenatide) only for 
patients inadequately controlled on a basal insulin.  
 
The rationale for my recommendation is summarized in section 1.2 below. 

1.2 Risk Benefit Assessment 

Evidence for Efficacy: 
The phase 3 clinical program included two 30 week studies that were designed to 
evaluate the efficacy and safety of the FCDP compared to insulin glargine.  The efficacy 
of the FCDP was evaluated using change in HbA1c from baseline. Additional secondary 
endpoints included change in weight, and the percentage of patients able to achieve a 
target HbA1c  
 
Statistical superiority over treatment with insulin glargine alone for HbA1c change from 
baseline after 30 weeks was demonstrated with the FCDP in the pivotal phase 3 
studies. In EFC12404 (Insulin naïve patients), mean HbA1c decreased by 1.63% for the 
FCDP, 1.34% for insulin glargine, and 0.85% for lixisenatide.  The mean difference 
versus insulin glargine was -0.29% (p<0.0001) and versus lixisenatide was -0.78% 
(p<0.0001).  
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In study EFC12405 (patients with prior basal insulin treatment), statistical superiority of 
the FCDP over insulin glargine was again demonstrated for change from baseline to 
Week 30 in HbA1c, with a LS mean treatment difference of -0.52% (p<0.0001) 
 
Therefore the studies did demonstrate that when the entire dose range of insulin 
glargine in the FCDP (10-60U) was considered as a whole, there was a contribution 
from each component (insulin glargine and lixisenatide) to the overall efficacy response. 
There were limitations in the study design that effect interpretation of the efficacy results 
and limit generalizability to clinical practice: 
 

• In both studies insulin glargine was capped at a dose of 60U. This is not 
reflective of real-world use of insulin glargine. It is unknown if superiority over 
insulin glargine could have been established if titration beyond 60 U was 
permitted in the insulin glargine arm. This is further supported by the results from 
the phase 2 proof of concept study (ACT12374). In this study the HbA1c 
difference vs. insulin glargine was still statistically significant (mean treatment 
difference of -0.17% [p=0.0130]), but less than the difference observed in the 
phase 3 studies and of unclear clinical significance.  

 
• In both studies, dose titration was conservative and geared towards improving 

gastrointestinal tolerability for the GLP-1 receptor agonist component. Less than 
40% of patients in both studies achieved a fasting plasma glucose target of < 100 
mg/dl. Given the poor performance of the titration algorithm, it is unknown if the 
patients in the insulin glargine arm would have achieved a better HbA1c effect 
with more aggressive titration. 

 
• In both pivotal studies the majority of patients were receiving ≥10 to ≤20 μg of 

lixisenatide at the end of the treatment period. The phase 3 program for 
lixisenatide (NDA 208471) only evaluated a maintenance dose of 20 µg q.d. and 
this is the only approved dose. Based on review of post-hoc analyses by dose 
category in the FCDP program and dose-response data from the lixisenatide 
clinical program (NDA 208471), it remains uncertain whether doses of 
lixisenatide less than 10µg make a significant contribution to the FCDP efficacy 
response. 

 
• The FCDP efficacy response has not been compared directly to separate 

administration of insulin glargine and lixisenatide at maximally effective doses in 
any study.  While this is not required, it would help to compare magnitude of the 
response compared to separate administration to inform prescribers and 
patients. 
 

• The FCDP has also not been studied in patients on prior GLP1 agonist therapy 
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• There are concerns about practical utility secondary to loss of dosing flexibility. It 
is not possible to adjust the dose of one ingredient without also adjusting the 
dose of the other one. In addition the insulin glargine dose is capped at 60U. 

 

• Although both insulin naïve and patients on prior insulin therapy were studied, it 
is difficult to identify a target population that would clearly benefit from this 
therapy due to review issues identified in the studies and loss of dosing flexibility 
due to the design of the FCDP  

 
Safety: 
The development program for the FCDP was limited and included one phase 2 proof-of 
concept study and two phase 3 studies with around 462 patient years of exposure for 
the FCDP. The safety database is further limited by the short duration of the studies (26 
weeks). Therefore this database is primarily useful for analysis of common adverse 
events.  The database was not adequate to consider rarer events such as serious 
hypersensitivity reactions or pancreatitis. Inferences about safety concerns related to 
these issues have to be based on the lixisenatide clinical program (NDA 208471).  
 
Safety concerns for insulin glargine include hypoglycemia and weight gain. Safety 
concerns for the GLP-1 class include gastrointestinal adverse events, pancreatitis, C-
cell proliferation, acute renal failure secondary to dehydration and increases in heart 
rate. Adverse events common to both products include Immunogenicity and injection 
site reactions. The FCDP is expected to carry both sets of risks.  
 
GLP-1 related common AEs (gastrointestinal events) were clearly more frequent with 
the FCDP compared to insulin glargine, but less frequent compared to lixisenatide. This 
may be because gastrointestinal AEs are dose dependent and the majority of patients 
on the FCDP were on doses of lixisenatide between 10-20 µg, and the titration was 
gradual.  
 
In all studies, hypoglycemic episodes with the FCDP were comparable to insulin 
glargine and more frequent compared to lixisenatide in study EFC12404.  
 
Potential for Medication Errors: 

• The FCDP combines two active ingredients with different terms of measure; units 
for insulin glargine and micrograms for lixisenatide. Designating the dosing in 
terms of “units” only references the insulin component (insulin glargine) and does 
not communicate the presence of the GLP-1 component.  This could lead to 
confusion and medication errors in the clinical care setting. This is specifically 
concerning during transition of care - Emergency Rooms, Surgical care, Nursing 
homes etc. 

 
• The loss of dosing flexibility due to the product presentation results in increased 

potential for medication errors.  It is not possible to adjust the dose of one 
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ingredient without also adjusting the dose of the other one. In addition the insulin 
glargine dose is capped at 60U. Providers and patients may try to overcome this 
loss of dosing flexibility by adding a second GLP-1 agonist or by using the FCDP 
like a titratable product (i.e. insulin glargine) with no upper dose limit, including 
off-label twice daily use. This could lead to medication errors from overdosing on 
the GLP-1 component. This is in contrast to using a once weekly GLP-1 receptor 
agonist with basal insulin which would offer the convenience of fewer injections 
while still allowing for unrestricted titration of the insulin while receiving the GLP-1 
component at an effective dose. 

 
• The initial proposal from the applicant was to use two pen injectors that deliver 

two different dose ranges of insulin with some overlap (30-40U). This raised the 
potential for confusion.  Whether patients and prescribers would consistently 
recognize the differences between the two pen injectors and when to use each 
one was unclear. The  modifiers for the pens were a potential 
source of medication error. Misinterpretation of the modifier as a ratio or patient 
specific insulin dose range was possible. It was felt that the availability of two 
pens may be associated with risk that could not be adequately mitigated through 
proprietary names and product labeling. In response to the Agency’s concerns, 
the applicant has now proposed a single pen presentation of the FCDP (insulin 
100U/ml; lixisenatide 33 µg/ml) at a recommended dose range of 15-60U. A 
single pen presentation reduces the potential for confusion and medication errors 
from the modifiers.  

 
Reviewer’s Recommendations: 
Based on the evidence for efficacy and the observed adverse event profile for the 
FCDP, I favor approval of the revised single pen presentation (insulin glargine 
100U/ml/lixisenatide 33 g/ml) at the recommended dose range of 15-60U. The residual 
risks identified with this presentation and the reasons for my recommending approval 
are discussed further below  
 

• In my opinion, there is still some residual risk of medication errors with the FCDP 
from the measure term (Unit), since it fails to convey the presence of the GLP-1 
component (lixisenatide). Concerns were also raised by the advisory committee 
members about the “units” measure term and need for consistency across all 
approved insulin and GLP1 agonist combinations. In addition, there is no data 
from human factors studies to support the fact that alternative measure terms 
(e.g. “mg” or “µg” and dosing/titrating based on the lixisenatide component) are 
more problematic. While this is not optimal, I can align with the “unit” measure 
term if the presence of two active ingredients at two different dose strengths is 
appropriately highlighted in the pen, carton, package inserts and instructions for 
use (IFU) for prescribers and patients. Primary prescribers of the FCDP are likely 
to familiarize themselves about the product prior to prescribing the same, and will 
therefore be aware of the GLP1 component. Errors are possible in transitional 

Reference ID: 3992175

(b) (4)



Clinical Review 
{Suchitra Balakrishnan, MD, PhD}  
{NDA 208673} 
{Insulin glargine/Lixisenatide fixed-ratio combination, Soliqua 100/33} 
 

12 

care settings if inadequate time is available for review of the label. However, the 
most likely medication error that may arise is that the patient may temporarily 
receive basal insulin (based on the “Unit” measure term). While some 
hyperglycemia is possible, this could be managed in these settings with insulin. 

 
• Potentially, a second injection or off-label twice daily use resulting in overdosing 

of the GLP-1 component is still possible, especially in patients who were 
previously on or eventually require larger doses of insulin, but this can be 
addressed in the label and IFU. Hyperglycemia may still occur in the FCDP 
initiation phase e.g. in a patient who was on 55U insulin glargine who gets 
initiated at the FCDP dose of 30U/10 µg if not adequately monitored and up-
titrated, but this can be addressed by appropriate labeling. 

 
• The proposed dose range (15-60U of the FCDP) has not been evaluated in a 

clinical trial. In study EFC12405 (Study in patients on prior basal insulin), only 
two patients were at a dose of 10-20U of the FCDP at the end of the study. 
However, 43 patients were at doses of 20-30U, which would correspond to doses 
of ~7-10 µg of lixisenatide if the revised single pen presentation alone was used. 
While this could imply that potentially more patients would remain at doses of 
lixisenatide less than 10 µg if proposed pen presentation alone was available, the 
majority of patients in the study were titrated to doses of insulin over 40U and this 
can be expected over time in real-world use. 

 
 
The rationale for my recommendation only for a restricted population (patients 
uncontrolled on a basal insulin dose of less than 60U) is explained below: 
 
Patients naïve to insulin or GLP-1: 
Since the benefit to patients of initiating multiple therapeutic agents at once vs. 
sequential addition is unknown (see section 2.6), it seems difficult to justify 
recommending the FCDP as a treatment option in insulin or GLP1 naïve patients vs 
sequential addition of basal insulin or GLP1 for the following reasons:  
 

• These patients may only require a single agent for adequate glycemic control 
and would then be subject to additional risks from the second agent. In addition 
the treatment difference between the FCDP and insulin glargine, although 
statistically significant, was only 0.3% in study EFC12404. In proof-of concept 
study ACTY12374, where the insulin glargine comparator was not capped, the 
treatment difference was further reduced to 0.17%. 

• Except for patients who are significantly obese, or have a long-standing duration 
of diabetes, these patients are more likely to be insulin sensitive, thereby 
requiring lower doses of insulin, and would therefore be subject to lower doses of 
lixisenatide with questionable contribution to efficacy, but exposed to additional 
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safety risks.  This is more likely if they continue their prior OADs like SGLT2 
inhibitors or TZDs, which is possible in clinical practice. 

• Some members of the Advisory Committee suggested that this fixed-ratio 
product might be of use in some insulin naïve patients with a hemoglobin A1C of 
8 -10 %, who were concerned about weight gain with insulin use.  I have 
considered the advice, but in my opinion patients concerned with weight gain 
may benefit from a GLP-1 agonist as monotherapy versus the FCDP. These 
patients may only require a single agent for adequate glycemic control, and 
would therefore be exposed to unnecessary risks from a second agent. 

 
Patients on prior basal insulin or GLP-1: 
I do not recommend indicating the FCDP for patients inadequately controlled on prior 
GLP1 therapy for the following reasons: 

• The FCDP had not been studied in patients on prior GLP-1 therapy.  
 the design of the FCDP makes it necessary to 

reduce the dose of the GLP1 component during dose initiation. Therefore a 
patient previously on a dose of a GLP-1 receptor agonist with proven efficacy 
(e.g. lixisenatide 20 µg q.d., liraglutide 1.2 mg or 1.8 mg q.d., or dulaglutide 0.75 
mg q.d.) would initiate the FCDP at a dose of 10U insulin glargine and 
lixisenatide 5 µg q.d. Therefore, they would therefore be exposed to a lower than 
efficacious dose of lixisenatide and to additional safety risks. This would not be 
the case if insulin was started as a separate injection to a patient on a GLP1 
agonist. Given the fact that this population may still be insulin sensitive and not 
require large doses of insulin, they may be exposed to less than effective doses 
of lixisenatide for significant periods of time. 

• Lixisenatide at the approved dose of 20 µg has a modest efficacy response.  
Lixisenatide was statistically significantly worse than exenatide b.i.d.(LS mean for 
treatment difference was 0.18; 95% CI: 0.046, 0.307; p-value =0.0083), although 
the pre-specified non-inferiority margin was met in patients on background 
metformin therapy 1. In a 26–week, open-label trial in patients on a background 
of metformin or sulfonylurea therapy, treatment with liraglutide 1.8 mg resulted in 
statistically significant reductions in HbA1C and FPG relative to exenatide and 
sitagliptin 2. Similarly, in a 24 week, open-label trial to compare the safety and 
efficacy of exenatide ER vs. exenatide BID, treatment with exenatide ER resulted 
in statistically significant reductions in HbA1C and FPG relative to exenatide 3. 
Dulaglutide was non-inferior to liraglutide in an active comparator study 4. While 
across trial comparisons have limitations, it seems likely that lixisenatide 20 µg is 

                                            
1 Section 14, Lixisenatide (Adlyxin) package insert 
2 Section 14, liraglutide (Victoza ) package Insert 
3 Section 14, exenatide ER (Bydureon) package insert 
4 Kathleen M Dungan, Santiago Tofé Povedano, Thomas Forst, José G González González, Charles 
Atisso, Whitney Sealls, Jessie L Fahrbach; Once-weekly dulaglutide versus once-daily liraglutide in 
metformin-treated patients with type 2 diabetes (AWARD-6): a randomized, open-label, phase 3, non-
inferiority trial; Lancet 2014; 384: 1349–57 
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less efficacious compared to the other approved members of the GLP-1 agonist 
class. Therefore this would imply that patients uncontrolled on more efficacious 
GLP1 agonists would lose significant efficacy from the prior GLP1 therapy when 
they switch to the FCDP.  Particularly in patients on a once weekly GLP-1 
agonist, adding basal insulin with no restrictions on titration and staying on the 
same GLP1 therapy seems the more logical option in this scenario. 

 
The FCDP may be considered as a more convenient alternative in patients on basal 
insulin who require additional glycemic control or require a prandial insulin. Again, there 
are issues to consider due to loss of dosing flexibility since the dosing of insulin and 
lixisenatide are linked and the insulin glargine dose is capped at 60U: 

• Providers and patients may try to overcome this loss of dosing flexibility by 
adding a second GLP-1 agonist or by using the FCDP like a titratable product 
(i.e. insulin glargine) with no upper dose limit, including off-label twice daily use. 
This could lead to medication errors from overdosing on the GLP-1 component. 

• This is in contrast to the alternative options of lixisenatide and basal insulin 
glargine as separate injections or using a once weekly GLP-1 receptor agonist 
with basal insulin to offer the convenience of fewer injections to the patient while 
still allowing for unrestricted titration of the insulin. 

• Given the maximum insulin glargine dose of 60U, this product cannot be 
indicated for patients requiring large doses of basal insulin and based on 
available information, the percentage of patients with Type 2 DM who fall in this 
category is unknown. 

 
Most members of the advisory committee recommended approval for this population if 
concerns about the measure term were resolved. The advisors were not concerned 
about the cap in the insulin glargine dose. The endocrinologists on the panel noted that 
in practice most providers will re-strategize their approach by adding or substituting with 
another agent if patients needed more than the maximally available dose from the 
FCDP. The Advisory Committee was also not concerned with the review issues 
identified by the FDA regarding interpretation of study efficacy results. The clinicians in 
the paneI were of the opinion that the lower incidence gastrointestinal side effects 
compared to lixisenatide alone, a weight neutral effect compared to weight gain with 
insulin glargine (although the studies were not designed to address these questions) 
and the convenience of a single injection would improve patient compliance and make 
the FCDP a suitable option for this patient population. I still have some residual 
concerns regarding contribution of the lower doses of lixisenatide to the efficacy 
response, but there is some re-assurance from the fact that most patients on the FCDP 
in Study EFC12405 were titrated to doses of insulin over 40U (>13 µg of lixisenatide ) 
by the end of the study. Based on this finding and considering the opinion of the 
advisors, I recommend approval of the FCDP for patients inadequately controlled on a 
basal insulin. 
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the amino acid asparagine at position A21 is replaced by glycine and two arginines are 
added to the C-terminus of the B-chain.  Insulin glargine, is approved under NDA 
021081 for once-daily subcutaneous administration in the treatment of patients with type 
1 diabetes mellitus or patients with type 2 diabetes mellitus.  
 
Figure 1: Structural formula of insulin glargine 

 
Source: Approved label for LANTUS (insulin glargine injection), NDA 021081 
 
Lixisenatide is a synthetic a glucagon-like peptide 1 (GLP-1) receptor agonist approved 
under NDA 208471 for use as an adjunct to diet and exercise to improve glycemic 
control in adults with type 2 diabetes mellitus. By binding to the GLP-1 receptor, 
lixisenatide potentiates glucose-dependent insulin secretion from beta cells and 
suppresses glucagon from alpha cells in the pancreas. Non-pancreatic effects of GLP-1 
include slowing of gastric emptying, reduction of food intake, and an increase in satiety, 
all of which contribute to improved glycemic control and decreased body weight6. 
 
The NDA product is a fixed combination drug product (FCDP) of insulin glargine and 
lixisenatide for use as an adjunct to diet and exercise to improve glycemic control in 
adults with type 2 diabetes mellitus (Type 2 DM) when treatment with both insulin 
glargine and lixisenatide is appropriate. The drug product will be available as a solution 
for injection containing 100 U/mL insulin glargine and 50 or 33 μg/mL lixisenatide.  The 
proposed product presentation will be two disposable pen-injectors containing a 3 mL 
cartridge prefilled with insulin glargine and lixisenatide in two different fixed-ratios (2:1 or 
3:1 (see Table below). The design of the insulin glargine/lixisenatide pen-injector is 
based on the already marketed SoloStar® pen-injector.  It is intended to be used for 
once-daily sub-cutaneous (s.c.) administration. 

 

                                            
6 Drucker DJ. 2006. The biology of incretin hormones. Cell Metabolism 3, 153-165 
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Lixisenatide received marketing authorization in the European Union in February 2013, 
and it is currently approved in over 50 countries worldwide including Australia, Brazil, 
and Japan.  Lixisenatide was recently approved for use by prescription on January 27, 
2016 in the United States.  While lixisenatide products have been approved, it has not 
been marketed in Australia or New Zealand. 
 
The fixed combination drug product of insulin glargine and lixisenatide has not been 
approved anywhere in the world. 
 

2.4 Important Safety Issues With Consideration to Related Drugs 

Safety issues identified with all approved incretin based therapies (GLP-1 agonists and 
DPP4 inhibitors) include: 
 

• Acute pancreatitis, including hemorrhagic or necrotizing pancreatitis. 
• Serious hypersensitivity reactions including anaphylaxis, angioedema and 

exfoliative skin conditions like Steven-Johnson Syndrome. 
• Hypoglycemia when used in combination with an insulin secretagogue (e.g. 

sulfonylurea) or insulin 
 
In addition, the long-acting GLP-1 agonists (exenatide LAR, liraglutide, dulaglutide and 
albiglutide) carry a box warning for the risk of thyroid C-cell tumors, contraindicating use 
in patients with personal or family history of medullary thyroid carcinoma (MTC) or in 
patients with Multiple Endocrine Neoplasia syndrome type 2 (MEN2). 
 
All of the approved GLP-1 agonists and sitagliptin carry a Warning and Precautions 
statement about post-marketing reports of acute renal failure, sometimes requiring 
dialysis. 
 
Serious injection site nodules/abscesses requiring surgery have been reported with 
exenatide LAR. 
 
Safety issues identified with approved insulin products include: 
 

• Hypoglycemia that can impair concentration ability and reaction time. Severe 
hypoglycemia can cause seizures, may be life-threatening or cause death. 

• Hypersensitivity reactions, including anaphylaxis 
• Medication errors due to inadvertent administration of the wrong dose or 

accidental mix-ups among insulin products, particularly between long-acting 
insulins and rapid acting insulins 

• Transmission of blood-borne pathogens due to sharing of-pre-filled pens, 
syringes or vials, even if the needle is changed. 
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The Center for Devices and Radiological Health (CDRH), the Office of Combination 
Products (OCP), and the Division of Medication Error Prevention and Analysis (DMEPA) 
have been in communication with the applicant regarding the HFV study protocol, the 
process and validation studies done to support label changes for the marketed SoloStar 
pen, FCDP pen labeling, and Instructions for Use (see Written Responses issued on 
January 13, 2014, May 16, 2014, May 29, 2014, January 9, 2015, February 27, 2015, 
June 22, 2015 and July 24, 2015 in IND 105157).  The Agency also requested the 
applicant in their response dated January 13, 2014 to evaluate all device-related events 
as adverse events of special interest in the planned clinical trials. The applicant did 
develop a pen-related events questionnaire (PREQ) to evaluate this AE in the pivotal 
phase 3 studies that was reviewed by the Agency. 
 
In an Advice Letter issued on February 7, 2014, the Agency requested that the applicant 
test for statistical superiority of the FCDP versus insulin glargine for change from 
baseline in HbA1c in study EFC12404 to have an efficacy claim. The Agency also 
recommended that they include this test of superiority into the testing sequence in order 
to maintain a study-wise one-sided type I error rate of 0.025. 
 
In the pre NDA written correspondence for lixisenatide issued under IND 062724 on 
June 8, 2015, the Agency stated: 
 
“We have concerns about the glargine/lixisenatide product you are developing, 
particularly with regard to the availability of data to support a contribution of each 
component over the entirety of the proposed dosing range of your fixed combination 
product.” 
 
To address the Agency’s concerns, the applicant has performed post-hoc analyses of 
the phase 3 efficacy results according to final insulin and lixisenatide dose. The 
applicant has also conducted pharmacokinetic and pharmacodynamic (PK-PD) 
modeling utilizing data from phase 2 studies in the lixisenatide program to evaluate the 
contribution of lixisenatide doses <20 mcg (i.e., the dose studied in the lixisenatide 
phase 3 program) to the efficacy of the FCDP product. 
 
In the final pre-NDA meeting minutes dated October 28, 2015, the Division noted that 
“whether the post-hoc analyses support that this convenience product offers favorable 
benefit-risk remains an issue that will require significant consideration during the 
review”. 
 
The applicant has requested a complete waiver from conducting studies in pediatric 
patients. This request is on the basis of little or no medical need for the insulin glargine 
and lixisenatide combination in this population. The final Agreed Initial Pediatric Study 
Plan (iPSP) was sent to the applicant on June 24, 2015. 
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2.6 Other Relevant Background Information 

Therapeutic Context 
 
Type 2 DM is a disease of impaired glucose homeostasis due to insulin resistance and 
inadequate insulin activity and a gradual deterioration in β cell function even with 
standard-of-care therapy 7. Accordingly, a large proportion of patients eventually require 
the addition of insulin to achieve and maintain HbA1c targets. Clinical inertia and patient 
reluctance can delay the time to initiation of insulin thereby increasing the duration of 
hyperglycemia and the risk for the complications associated with inadequate glycemic 
control 8.  
 
The applicant believes that the FCDP of insulin glargine and lixisenatide will provide 
better glycemic control versus either component alone. The applicant also claims that 
the FCDP reduces treatment complexity and has relevant clinical properties beyond a 
convenience product. These clinical properties include attenuation of insulin-associated 
weight gain, no additional risk of hypoglycemia compared to treatment with insulin 
glargine alone, and an improved tolerability profile compared to treatment with 
lixisenatide alone. The applicant also proposes that the FCDP would be a safe and less 
complex treatment option compared to adding prandial insulin for patients already 
receiving basal insulin who are not meeting glycemic goals. This is based on the 
American Diabetes Association (ADA) recommendation that either a GLP-1 receptor 
agonist or prandial insulin can be added to patients uncontrolled on basal insulin with 
one or more oral agents 9. 
 
The clinical benefit of simultaneous versus sequential addition of two antidiabetic agents 
for treatment of Type 2 DM is not clearly defined at this point.  Based on the ADA 10 
treatment algorithm, sequential addition of a second glucose lowering agent is 
recommended if, after some period of time (~3 months), glucose control remains 
inadequate for that particular patient. Some experts have advocated starting dual anti-
diabetic agents at once in phenotypically appropriate patients to achieve HbA1c targets, 
based on the multiple pathophysiological abnormalities of Type 2 DM and the need to 

                                            
7 Halban PA, Polonsky KS, Bowden DW, Hawkins MA, Ling C, et al. β-cell failure in type 2 diabetes: 
postulated mechanisms and prospects for prevention and treatment. Diabetes Care.2014 Jun;37(6):1751-
1758. 
8 Khunti K, Wolden ML, Thorsted BL, Andersen M, Davies MJ. Clinical inertia in people with type 2 
diabetes: a retrospective cohort study of more than 80,000 people. Diabetes Care. 2013 
Nov;36(11):3411-7. 
9 Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E, Nauck M, et al. Management of 
Hyperglycemia in Type 2 Diabetes, 2015: A Patient-Centered Approach: Update to a Position Statement 
of the American Diabetes Association and the European Association for the Study of Diabetes. Diabetes 
Care. 2015 Jan;38(1):140-149. Review. 
10 Diabetes Care; Volume 39, Supplement 1, January 2016  
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address both insulin resistance and β-cell failure 11,9.  Some clinical practice guidelines 
recommend initiating dual (or even triple) therapy at the same time in select situations 
10, 12, 13 . Notably, these guidelines offer differing opinions on the use of initiating multiple 
therapeutic agents at once, and even those guidelines that recommend considering this 
approach differ on when it is appropriate. As many of the guideline recommendations 
rely upon expert consensus, and adequate and well-controlled clinical trial comparing 
different treatment approaches are lacking, whether the approach of initiating multiple 
therapeutic agents at once is beneficial for patients is unknown.  
 
Table 4: Summary of clinical guideline recommendations 
Guideline Recommendation 

American Diabetes Association 

Consider dual initial therapy with metformin plus 
another antidiabetic agent when HbA1c is ≥ 9%. 
 
Consider combination injectable therapy (metformin 
+ basal insulin + mealtime insulin or GLP-1 
receptor agonist) if HbA1c if ≥ 10-12% and/or blood 
glucose is ≥ 300-350 mg/dL, especially if 
symptomatic or catabolic features are present.  If 
symptomatic or catabolic features are present, 
basal insulin + mealtime insulin is the preferred 
regimen. 

American Association of Clinical Endocrinologists 

Consider dual initial therapy if HbA1c is ≥ 7.5%. 
 
Consider triple initial therapy if HbA1c is ≥ 9% and 
asymptomatic. 
 
Use insulin +/- other agents if HbA1c ≥ 9% and 
symptomatic. 

National Institute of Health and Care Excellence 

Initial therapy with metformin 
 
Sequential intensification of therapy to allow for 
assessment of tolerability and effectiveness. 
 
Use of GLP-1 receptor agonist and insulin should 
be with specialist care advice and ongoing support 
from a consultant-led multidisciplinary team. 

Source: Adapted from American Diabetes Association Standards of Medical Care in Diabetes – 2016.  
Diabetes Care 2016; 39 (Suppl 1): S52-S59, Consensus Statement by the American Association of 
Clinical Endocrinologists and American College of Endocrinology on the Comprehensive Type 2 Diabetes 

                                            
11 Raz I, Riddle MC, Rosenstock J, Buse JB, Inzucchi SE, Home PD, et al. Personalized management of 
hyperglycemia in type 2 diabetes: reflections from a Diabetes Care Editors' Expert Forum. Diabetes Care. 
2013 Jun;36(6):1779-88. 
12 Consensus Statement by the American Association of Clinical Endocrinologists and American College 
of Endocrinology on the Comprehensive Type 2 Diabetes Management Algorithm – 2016 Executive 
Summary. Endocrine Practice 2016; 22 (1): 84-113. 
13 Type 2 diabetes in adults: management.  National Institute of Health and Care Excellence (NICE) 
Guideline 2015 at nice.org.uk/guidance/ng28 
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All antidiabetic combinations approved and marketed to date have combined either two 
individual fixed dose products (.e.g., two oral anti-diabetics) or two individual titratable 
products (e.g., mixed insulin products). The FCDP of insulin glargine and lixisenatide 
differs from previously approved oral fixed combination drug products for the treatment 
of type 2 diabetes.  It combines a titratable product (insulin glargine) with a fixed-dose 
product (lixisenatide). In the proposed combination, the GLP-1 component is in essence 
“transformed” into a titratable product.  
 

3 Ethics and Good Clinical Practices 

3.1 Submission Quality and Integrity 

The organization of the submission, completeness and ease for finding information 
seem acceptable. For further details see the clinical filing review in DARRTs dated 
February 1, 2016. 
 

3.2 Compliance with Good Clinical Practices 

The Applicant makes the following statements in the individual CSRs of the phase 2 and 
phase 3 studies: 
 
“The protocol was submitted to Independent Ethics Committees and/or Institutional 
Review Boards for review and written approval. The protocol complied with 
recommendations of the 18th World Health Congress (Helsinki, 1964) and all applicable 
amendments. The protocol also complied with the laws and regulations, as well as any 
applicable guidelines, of the countries where the study was conducted. This study was 
performed in compliance with Good Clinical Practices, including the archiving of 
essential documents.” 
 
The applicant reports that here were no events of noncompliance that affected study 
outcomes. In study EFC12404, Site 710004 in South Africa was terminated early by 
Sanofi due to non-compliance. One patient from this site (Patient 012404-710-005-025) 
was hospitalized with provisional diagnosis of restrictive lung disease and possible 
myocardial infarction. During the period of hospitalization, the diagnosis of myocardial 
infarction was confirmed, leading to permanent discontinuation of investigational 
medicinal product (IMP). Despite being aware of this serious adverse event (SAE), the 
Principal Investigator initially falsely reported that the patient stopped IMP due to family 
responsibility and not in relation with an adverse event (AE).  The site was closed and 
the 5 patients were transferred to another site and continued the study as planned. Due 
to the limited number of patients recruited at this site (5 of 1170 randomized patients), 
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no sensitivity analyses were performed. The local Ethics Committee, local Health 
Authorities, and FDA were notified of this case. 
 
For additional discussion of compliance, refer to the OSI Clinical inspection summary 
review by Dr. Cynthia Kleppinger dated July 8, 2016, DARRTs Reference ID-3956544. 

3.3 Financial Disclosures 

Financial disclosures were submitted for the phase 2 proof of concept study 
(ACT12374) and the two pivotal phase 3 studies. Clinical investigators with disclosable 
financial interests, including equity interests in the applicant as defined by 21 CFR 
54.2(b) and significant payments of other sorts as defined by 21 CFR 54.2(f) were 
listed. The applicant was unable to obtain complete financial disclosure information from 
six investigators after at-least two attempts. The reasons provided were that they left the 
clinical site or submitted a partially completed questionnaire.  
 
The clinical program included 1496 investigators. Of these, 20 were reported to have 
received significant payments of other sorts (SPOOS) > $25,000 (Applicant’s response 
dated January 5, 2016, Appendix 9.4). Fifteen of these investigators also participated in 
the lixisenatide program (NDA 208471). Any potential bias that might result from this is 
minimized by the design of the trials (multicenter), size of the trials, and the small 
contribution from each of these investigators (< 2% of total study subjects for each 
investigator) towards the total number of subjects for the individual trials. 
 

4 Significant Efficacy/Safety Issues Related to Other Review 
Disciplines 

4.1 Chemistry Manufacturing and Controls 

The Office of Pharmaceutical Quality (OPQ) has indicated that the drug product is 
approvable. There are no outstanding deficiencies related to information about 
components of the product, choice and level of excipients, container closure system, 
extractables and leachable information, level of Impurities and stability/shelf life of 
product filled in pen-injector 14.  In addition, there are no approvability issues from the 
drug product manufacturing process or facilities perspective 15. 
 

                                            
14 OPQ review by Dr. Muthukumar S. Ramaswamy dated 7/15/2016 
15 OPQ reviews-Process review by Dr. Yuesheng Ye dated 6/07/16 and facilities review by Dr. Vipul 
Dholakia dated July 11, 2016 
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The device consultant from CDRH (John McMichael)16 has indicated that the product 
components for the final finished pen-injector combination product are of acceptable 
pedigree and that essential performance of the final finished device can be assured with 
a reasonable degree of certainty. Essential performance elements of the device 
reviewed included: dose accuracy of each dose presentation, connection and 
compatibility of components, sterility and biocompatibility of non-primary container 
closure components, functionality of the pen-injector, stability after exposure to 
preconditioning/aging and shipping conditions and risk management documentation of 
the device constituent parts 
 
The Office of Compliance at CDRH has indicated that the application is approvable from 
the perspective of the applicable quality system requirements 17. 
 
The review by the Division of Medication Errors Prevention (DMEPA) will be discussed 
in the safety section. 

4.2 Clinical Microbiology 

The microbiology reviewer has indicated that the NDA is approvable from a sterility 
assurance perspective and no deficiencies were identified 18. 

4.3 Preclinical Pharmacology/Toxicology 

Refer to the non-clinical review by Dr. Feleke Eshete in DARRTs dated July 19, 2016, 
DARRTs reference ID 3960523 for detailed discussion. 
 
The applicant cross-referenced the nonclinical information from the approved insulin 
glargine and lixisenatide (NDA 208471) to support the marketing application. The 
applicant also submitted some studies addressing cross-receptor activation, testing for 
potential exacerbation of known toxicities by glucagon like peptide-1 receptor (GLP1-R) 
agonists or insulins, and for qualification of potential impurities and degradants in the 
drug substances. 
 
The non-clinical reviewer recommends approval of this application and concluded that 
lixisenatide did not affect the pharmacokinetics and mitogenic potential of insulin 
glargine. In light of the absence of the potential for cross-receptor activation between 
the two drug substances, the safety profile of the fixed dose combination was 
comparable with that of the individual components. However, there may be additional 
risk of hypoglycemia at the highest proposed clinical doses. 

                                            
16 CDRH consult (General Hospital Devices Branch dated June 2, 2016, DARRTs reference ID 3940691 
17 CDRH consult (Office of Compliance, Division of Manufacturing and Quality) dated April 21, 2016, 
DARRTs reference ID 3920683  
18 Microbiology review by Dr. Maria Cruz-Fisher dated July 13, 2016. 
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4.4 Clinical Pharmacology 

Refer to the Office of Clinical pharmacology review for additional details 19. 

4.4.1 Mechanism of Action 

Refer to Section 2.1. 
 

4.4.2 Pharmacodynamics 

Two studies evaluated the bioavailability of insulin glargine and lixisenatide. One study 
was conducted in healthy volunteers, while the second study was conducted in type 1 
diabetic patients (T1DM). 
 
In the healthy volunteer study (BDR12547), administration of lixisenatide 20 μg in 
solutions containing 10 units (Treatment A), 20 units (Treatment B) or 40 units 
(Treatment C, 1 x 400 μL; Treatment D, 4 x 100 μL) of insulin glargine resulted in 
similar exposure (AUC) for lixisenatide regardless of the treatment. 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 (0.8). 
 
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. 
Subjects received a single SC injection administration of the investigational products as 
follows: 

• 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 

• 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. 

• 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. 

 
Total lixisenatide exposure (AUC), when given as a premixed insulin 
glargine/lixisenatide combination, almost met the equivalence criteria for strength 1 
                                            
19 Office of Clinical Pharmacology Review by Dr’s Suryanarayana Sista, PhD, Lian Ma, PhD,, Nitin 
Mehrotra, PhD, Manoj Khurana, PhD dated August 4, 2016, DARRTs reference ID 3968185 
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(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) (Figure 11, page 30 in the clinical 
pharmacology review). For insulin glargine , the AUC0-24h 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 0.8.  
 
In conclusion, insulin glargine exposure following the 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. 
 
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. Based on the glucose infusion 
rate (GIR) data from the euglycemic clamp, the clinical pharmacology reviewers 
conclude that the glucose utilization rate/time profile of the FCDP was similar to that of 
insulin glargine administered alone. 

4.4.3 Pharmacokinetics 

Discussed above. 
 

4.4.4 Assessment of  Efficacy 

Also refer to Section 6.1.4 
 
The Clinical Pharmacology and Pharmacometrics reviewers assessed the following 
issues: 
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1. Effect of dose-capping (60U) and conservative titration algorithm for insulin 
glargine utilized in the Phase 3 studies compared to phase 2 study ACT12374. 

2. Evidence of effectiveness in insulin naïve vs. insulin experienced patient 
population. 

3. Contribution of lixisenatide in the low dose range (≤10 μg) to the overall 
treatment effect of FCDP 

 
The impact of dose-capping and conservative titration algorithm on the treatment effect 
(FCDP vs Insulin) in the phase 3 studies was assessed by the applicant at the request 
of the reviewers using a modeling and simulation approach. The reviewers concluded 
that data limitations prevented development of a viable model to predict the effect of 
different titration algorithms on the primary endpoint. They also indicate that  uncertainty 
exists whether or not the predicted HbA1C profiles demonstrate the expected difference 
between the titration scenarios for the phase 2 (ACT12374) and phase 3 study 
(EFC12404) in insulin naïve patients. The simulated results therefore may not represent 
the true effect of insulin dose capping and the titration algorithm. 
 
The dose-response analysis from the lixisenatide dose-response study DRI6012 
(NDA208471) indicated that the ED50 of lixisenatide for HbA1c reduction was around 
11 μg . The reviewer’s indicate that the same dose-response relationship cannot be 
assumed for the range of the lixisenatide dose in the FCDP, since the presence of 
insulin may have an impact on the relationship. The titration design of the FCDP trials 
limited the capability of data to derive any dose-response relationship. Therefore, they 
conclude that the 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. 
 
Based on the clinical data from phase 3 trial EFC12404 and phase 2 trial ACT12374, 
the reviewer’s conclude that there is no evidence of increased glycemic efficacy with the 
FCDP compared to insulin glargine in insulin naïve patients. They also indicate that 
since significant proportion of patients (12.4%) remained at lower than effective doses 
of lixisenatide (≤  10 μg) at the end of the phase 3 trial, this raises a question on the 
contribution of lixisenatide to the overall treatment effect of FCDP. The reviewers 
conclude that there is evidence of effectiveness in patients on prior basal insulin therapy 
based on Study EFC12405. The doses of lixisenatide corresponding to the insulin 
component utilized in the Phase 3 trial were generally greater than ED50 of lixisenatide 
(~11 μg). 

5 Sources of Clinical Data 
At the time of filing the clinical program investigating the insulin glargine/lixisenatide 
FCDP included 9 clinical studies. Theses consisted of: 
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Table 5: Overview of Phase 1 Studies 

 
Source: Table1, Summary of Clinical Pharmacology. 
  
The phase 2 and pivotal phase 3 studies that evaluated efficacy and safety of the FCDP 
are listed in Table 6 
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Table 6: Efficacy and Safety Studies, FCDP Clinical Program 
Study 
Number; 
Phase 

Study Design, Objective and Type of Control  Patient Population Treated 
subjects (n) 
and Duration 

ACT12374; 
Phase 2,  
 

Open-label, randomized, 2-arm parallel, 
Active-controlled (insulin glargine) study to 
compare the efficacy and safety of insulin 
glargine/lixisenatide FCDP versus insulin 
glargine on background metformin. The 
maximum daily dose of FCDP was 60 U/30 
μg. The total daily insulin glargine dose was 
not capped 

Patients with type 2 
diabetes mellitus not 
adequately controlled with 
metformin  

FCDP-161, 
insulin 
glargine-162;  
24 weeks 

EFC12404; 
Phase 3 
 

Open-label, randomized, 3-arm parallel group, 
Active-controlled (insulin glargine and 
lixisenatide) study to demonstrate the 
superiority of the FCDP) to lixisenatide and 
the noninferiority of the FCDP to insulin 
glargine in HbA1c change from baseline to 
Week 30.  
Daily FCDP dose could be titrated from an 
initial dose of 10 U/5 μg to a maximum dose 
of 60 U/20 μg. Daily insulin glargine dose 
could be titrated from the initial dose of 10 U 
to a maximum dose of 60 U. 

Patients with type 2 
diabetes insufficiently 
controlled for at least 3 
months prior to screening 
with metformin ± a OAD 
(SU, a glinide, a SGLT2 
inhibitor, or a DPP-4 
inhibitor). 

FCDP-469, 
insulin 
glargine-467, 
lixisenatide-
233; 
30 weeks 

EFC12405; 
Phase 3 
 

Open-label, randomized, 2-arm parallel group’ 
Active-controlled (insulin glargine) study To 
demonstrate the superiority of the FCDP to 
insulin glargine with or without metformin in 
HbA1c change from baseline to Week 30. The 
total daily insulin glargine dose was capped at 
60U. 

Patients with type 2 
diabetes insufficiently 
controlled on a stable 
basal insulin regimen for at 
least 
2 months prior to 
screening, Metformin ± 
OADs. 

FCDP -365, 
insulin 
glargine-365; 
30 weeks 

 

5.2 Review Strategy 

The data reviewed come from the original NDA submission and the cross referenced 
lixisenatide NDA (NDA 208471). 
 
All phase 3 study results are discussed individually throughout section 6 Review of 
Efficacy. Since the patient populations in the two pivotal studies differed (i.e., insulin-
naïve and insulin-treated) individual study results are presented with respect to the 
primary and secondary endpoints of interest. The studies were pooled for a pre-
specified meta-analysis of change from baseline to Week 30 in HbA1c by subgroups. 
The primary data source for my review of efficacy was the individual clinical study 
reports and the Integrated Summary of Efficacy (ISE). 
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To assess the safety of the FCDP, the data from phase 2/3 integrated database for 
NDA 208673 and a separate integrated safety database created for the 3 completed 
Phase 3 placebo-controlled studies with basal insulin background therapy under NDA 
208471 were reviewed. In addition, other safety information from the lixisenatide 
submission was referenced as appropriate. This is discussed in more detail in Section 
7.1.3 Pooling of Data Across Studies/Clinical Trials to Estimate and Compare 
Incidence. The primary documents for the safety review was the Summary of Clinical 
Safety (eCTD 2.7.4) and the Integrated Summary of Safety (eCTD 5.3.5.3) 
 

5.3 Discussion of Individual Studies/Clinical Trials 

5.3.1 ACT12374 

Study ACT12374 was a proof-of-concept, 1:1 randomized, 24-week, open-label, 2-arm, 
parallel-group, multicenter study comparing the efficacy and safety of the FCDP versus 
insulin glargine in combination with metformin. Randomization (N=323) was stratified by 
screening HbA1c value (<8%, ≥8%) and screening body mass index (BMI) (<30 kg/m2, 
≥30 kg/m2). The study was comprised of an up to 2-week screening period and a 24-
week treatment period. 
 
Major inclusion criteria were a diagnosis of Type 2 DM for at least 1 year, treatment with 
metformin at a stable dose of at least 1.5 g/day for at least 3 months prior to screening, 
no use of insulin within the previous 6 months, screening HbA1c ≥7.0% or ≤10.0%, and 
screening fasting plasma glucose (FPG) ≤250 mg/dL (≤13.9 mmol/L). 
 
Insulin glargine/lixisenatide FCDP was supplied as a sterile, aqueous solution for s.c. 
injection in 3-mL cartridges. The ratio of the solution was 2 U insulin glargine to 1 μg 
lixisenatide (i.e., 300 U insulin glargine and 150 μg lixisenatide in each cartridge). This 
allowed daily insulin glargine doses ranging from 10 to 60 U with concomitant 
administration of between 5 μg and 30 μg lixisenatide. The  pen 
injector was used to administer the FCDP in this study. Insulin glargine was supplied as 
a sterile, aqueous solution in the Lantus® SoloSTAR® pen. Both treatments were 
administered once-daily in the morning within one hour before breakfast. There was no 
cap on the comparator dose (insulin glargine) in this study, and both the FCDP and 
insulin glargine were titrated once weekly based on a pre-specified algorithm. The 
insulin glargine dose could be increased up to 6U weekly in this study.  
 
If a 60 U/30 μg dose was not sufficient to maintain FPG or HbA1c levels below 
thresholds values predefined for rescue therapy, the dose was to be kept at 60 U/30 μg 
and rescue therapy was to be initiated with a short-acting insulin.  
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The primary objective of the study was to demonstrate the non-inferiority of the FCDP 
versus insulin glargine on HbA1c reduction over 24 weeks with a non-inferiority margin 
of 0.4%. If non-inferiority was established, then a corresponding check of statistical 
superiority of FCDP over insulin glargine alone was to be performed for the primary 
endpoint. The efficacy population was the mITT population consisting of all randomized 
patients who received at least 1 dose of open label IMP and had both a baseline and at 
least one post-baseline assessment of any primary or secondary efficacy endpoints. 
 

5.3.2 Pivotal Phase 3 Studies (EFC12404 and EFC12405): 

5.3.2.1 Study Designs 

The two pivotal Phase 3 trials were randomized, 30-week, active-controlled, open-label, 
parallel group, multinational studies that enrolled patients with Type 2 DM diagnosed for 
at least one year at the time of screening.  
 
The applicant states that the trials were open-label because of differences in the type 
and number of pens used to administer the FCDP, insulin glargine, and lixisenatide: a 
titratable Solo-Star pen for the FCDP and insulin glargine treatment groups and a fixed-
dose pen for the lixisenatide group. There were two pens with two different dose-ranges 
for the FCDP (2:1 and 3:1 fixed ratios) and two different dose-strengths for lixisenatide 
(10 and 20 µg). For the insulin glargine stand-alone group, a single pen was used.  This 
seems reasonable, but does affect interpretation of the efficacy results vs. insulin 
glargine, since both products were titrated weekly based on fasting self-monitored 
plasma glucose (SMPG) targets. The applicant indicates that titration monitoring by 
central team members blinded to treatment group was implemented to ensure that the 
proposed insulin dose adjustment algorithm was well understood by investigators and 
that they were following the titration schedule. According to the protocols, the 
investigator and the sponsor did not have access to the data of the primary efficacy 
endpoint (i.e., HbA1c) nor to the data of the standardized meal test endpoints obtained 
after baseline visit until week 30, or until End of Treatment visit in case of premature 
treatment discontinuation. However, the study team could review the data for the 
primary efficacy parameter in a blinded fashion during data review meetings. 
 
Additional details for each of the studies follow. 
 
Study EFC12404: 
This was an open-label, 2:2:1 randomized, active-controlled, 3-group, parallel-group 
multinational and multicenter phase III study (Figure 3). 
 
At the end of the screening period, eligible patients were randomized to one of three 
treatment groups: 
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• Insulin glargine/lixisenatide FCDP group; 
• Insulin glargine group; 
• Lixisenatide group. 

 
The patients were stratified by value of HbA1c at visit 4 (week -1) (< 8%, ≥ 8%) and 
second OAD use at screening (Y, N). 
 
The study comprised of 3 periods: 
 

• An up-to 6-week screening period, which included: 
o An up to 2-week screening phase, 
o A 4-week run-in phase where sulfonylurea, glinide, SGLT-2 or DPP-4 

inhibitor if previously taken was discontinued and metformin treatment 
optimized up to a daily dose of at least 2000 mg or up to the maximal 
tolerated dose; 

• A 30-week open-label randomized treatment period 
o At the end of this run-in phase, patients with HbA1c ≥ 7% and ≤ 10%, FPG 

≤ 250 mg/dL (13.9 mmol/L) and metformin maximal tolerated dose ≥ 1500 
mg/day, entered a 30-week, open-label randomized treatment period 
comparing the FCDP to insulin glargine alone or to lixisenatide alone 
(metformin for all three treatments); 

• A 3-day post-treatment safety follow-up period for all the patients after permanent 
IMP discontinuation 
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Figure 3: Design of Study EFC 12404 

 
Source: Figure 1.1, Protocol for study EFC12404, eCTD -5.3.5.1-efc12404-16-1-1. 
 
Study EFC12405: 
This was an open-label, 1:1 randomized, active-controlled, 2-arm, 30-week treatment 
duration, parallel-group multinational and multicenter phase III study. 
 
At the end of the screening period, eligible patients were randomized to one of two 
treatment groups: 
 

• Insulin glargine/lixisenatide FCDP group 
• Insulin glargine group 

 
The patients were stratified by value of HbA1c (<8%, ≥8%) at Visit 5 (Week -1) and 
metformin use at screening (Y, N). 
 
The study comprised of 3 periods: 
 

• An up-to 8-week screening period, which included 
o An up to 2-week screening phase 
o A 6-week run-in phase: Switching to (if appropriate) and/or dose 

titration/stabilization of insulin glargine, continuing metformin (if 
appropriate) and stopping SU, glinide, SGLT-2 inhibitor or DPP-4 inhibitor 
if previously taken. 

• A 30-week open-label randomized treatment period 
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o At the end of the screening period, patients whose HbA1c is ≥7% and 
≤10%, whose mean fasting SMPG calculated from the self-measurements 
for the 7 days prior to randomization visit is ≤140 mg/dL (7.8 mmol/L) and 
whose average insulin glargine daily dose calculated for the last 3 days 
the week before Visit 6 is ≥20 and ≤50 U entered a 30-week, open-label 
randomized treatment period comparing the FCDP to insulin glargine 
(±metformin for both treatments). 

• A 3-day post-treatment safety follow-up period for all the patients  
 

5.3.2.2 Dosing Regimen 

In both pivotal Phase 3 studies, the FCDP was supplied in a pre-filled disposable 
SoloSTAR® pen-injector. Two delivery devices (Pen A and Pen B) were used in the 
pivotal Phase 3 clinical trials (Figure 4). Pen A delivers insulin glargine doses from 10 to 
40 U in steps of 1 unit, allowing administration of FCDP doses between 10 U/5 μg and 
40 U/20 μg. Pen B delivers doses from 30 to 60 U in steps of 1 unit, allowing 
administration of FCDP doses between 30 U/10 μg and 60 U/20 μg. 
 

Figure 4: Fixed-ratio combination of lixisenatide and insulin glargine in Pen A and 
Pen B 

 
Source: Figure 1, Clinical overview, eCTD 2.5 
 
In each pivotal study, the FCDP and insulin glargine treatments were initiated as 
follows: 
 

• In study EFC12404, subjects randomized to insulin glargine initiated at a dose of 
10 U and subjects randomized to the FCDP initiated at a dose of 10 U of insulin 
glargine + 5 μg of lixisenatide. 

• In study EFC12405 patients already treated with insulin glargine entered the run-
in phase with the same dose they received prior to screening. Patients receiving 
a different basal insulin were switched to insulin glargine. Doses were adjusted 
based on daily measured fasting SMPG in order to improve fasting glycemic 
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control and obtain mean fasting SMPG ≤140 mg/dL measured for 7 days before 
the randomization visit, while avoiding hypoglycemia.  At randomization, subjects 
continuing insulin glargine continued at the same dose of insulin glargine and 
were then titrated per the algorithm. Patients randomized to the FCDP initiated 
treatment as follows:  
• Patients having a daily insulin glargine dose of <30 U the day before Visit 6 

(D-1) had to start the combination treatment with pen A at a dose of 20 
U/10μg. 

• Patients having a daily insulin glargine dose of ≥ 30 U the day before Visit 6 
(D-1) had to start the combination treatment with pen B at a dose of 30 U/10 
μg. 

In each pivotal study, the FCDP and insulin glargine treatments were both titrated to a 
fasting SMPG target of 80 to 100 mg/dL, inclusive, in a treat-to target approach with 
once-weekly titration. Dose changes were based on the median of fasting SMPG values 
from the previous 3 days, measured by patients using glucometers and accessories 
supplied by the applicant.   
 
Table 7: Dose adjustment algorithm for FCDP and insulin glargine 

 
Source: Table 2, Summary of Clinical Efficacy, eCTD 2.7.3 
 
Reviewer’s Comment: 
The titration algorithm was designed to improve tolerability for the lixisenatide 
component of the FCDP It was relatively conservative, since increases in insulin 
glargine dose were limited to no more than 4 units a week (thereby increasing the 
lixisenatide dose by no more than 2 or 1.3 µg in the FCDP arm, depending on the pen 
used). 
 

5.3.2.3 Study Population 

Study EFC12404: 
Patients meeting the following inclusion criteria were screened: 

Reference ID: 3992175



Clinical Review 
{Suchitra Balakrishnan, MD, PhD}  
{NDA 208673} 
{Insulin glargine/Lixisenatide fixed-ratio combination, Soliqua 100/33} 
 

39 

1. Patients with type 2 diabetes mellitus diagnosed for at least 1 year before the 
screening visit, and 

2. treated for at least 3 months prior to visit 1 with metformin alone or metformin 
and a second oral anti-diabetic treatment that could be a sulfonylurea (SU), 
glinide, SGLT- 2 or DPP-4 inhibitor, and who are not adequately controlled with 
this treatment were included in the study. 

 
Significant Medical Exclusion Criteria at Screening Visit: 

1. HbA1c: 
a. < 7.5% and > 10% for patients previously treated with metformin alone, 
b. < 7.0% and > 9 % for patients previously treated with metformin and a 

second oral anti-diabetic treatment; 
2. Body Mass Index (BMI) ≤ 20 or > 40 kg/m²; 
3. History of hypoglycemia unawareness; 
4. History of metabolic acidosis, including diabetic ketoacidosis within 1 year prior to 

screening visit; 
5. Use of oral glucose-lowering agents other than those stated in the inclusion 

criteria or any injectable glucose-lowering agents during the 3 months before 
screening. 

6. Previous Treatment with insulin (except for short-term treatment due to inter-
current illness including gestational diabetes, at the discretion of the trial 
physician) 

7. History of discontinuation of a previous treatment with a GLP-1 glucagon like 
peptide- 1 receptor agonist (GLP-1 RA) for safety/tolerability reasons, or lack of 
efficacy; 

8. Use of systemic glucocorticoids (excluding topical and inhaled forms) for a total 
duration of 1 week or more within 3 months prior to screening visit; 

9. Use of weight loss drugs within 3 months prior to screening visit; 
10. Within the last 6 months prior to screening visit: history of stroke, myocardial 

infarction, unstable angina, or heart failure requiring hospitalization; 
11. Planned coronary, carotid or peripheral artery revascularization procedures to be 

performed during the study period; 
12. Uncontrolled or inadequately controlled hypertension (systolic blood pressure > 

180 mmHg or diastolic blood pressure > 95 mmHg) at screening visit; 
13. Conditions/situations such as: 

a. Patients with conditions/concomitant diseases making them non evaluable 
for the primary efficacy endpoint (e.g., hemoglobinopathy or hemolytic 
anemia, receipt of blood or plasma products within the last 3 months prior 
to the screening visit), 

b. Patients with conditions/concomitant diseases precluding their safe 
participation in this study (e.g. active malignant tumor, major systemic 
diseases, presence of clinically significant diabetic retinopathy or presence 
of macular edema likely to require treatment within the study period, etc.) 

14. Laboratory findings at the screening visit: 
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a. Amylase and/or lipase: >3 times the upper limit of the normal (ULN) 
laboratory range, 

b. ALT or AST: > 3 ULN, 
c. Total bilirubin > 1.5 ULN (except in case of Gilbert’s syndrome), 
d. Calcitonin ≥ 20 pg/mL (5.9 pmol/L), 
e. Hemoglobin < 10.5 g/dL or neutrophils < 1,500/mm3 or platelets < 

100,000/mm3, 
f. Positive test for Hepatitis B surface antigen (HBsAg) and/or Hepatitis C 

antibody (HCAb), 
g. Positive serum pregnancy test in females of childbearing potential; 
h. Any contraindication to metformin use, according to local labeling, (e.g. 

renal impairment defined as creatinine >1.4 mg/dL in women, >1.5 mg/dL 
in men, or creatinine clearance <60 mL/min). 

15. Clinically relevant history of gastrointestinal disease associated with prolonged 
nausea and vomiting, including (but not limited to): gastroparesis, unstable (i.e., 
worsening) or not controlled (i.e., prolonged nausea and vomiting) 
gastroesophageal reflux disease requiring medical treatment, within 6 months 
prior to the time of screening visit; 

16. History of pancreatitis (unless pancreatitis was related to gallstones and 
cholecystectomy has now been performed), pancreatitis during previous 
treatment with incretin therapies, chronic pancreatitis, pancreatectomy, 
stomach/gastric surgery; 

17. Personal or immediate family history of medullary thyroid cancer (MTC) or 
genetic conditions that predispose to MTC (e.g., multiple endocrine neoplasia 
syndromes); 

18. Contraindication to use of insulin glargine or lixisenatide according to local 
labeling (if applicable). History of hypersensitivity to insulin glargine, or to any of 
the excipients. 

19. History of allergic reaction to any GLP-1 receptor agonists in the past or to 
metacresol. 

20. Women of childbearing potential not protected by effective contraception. 
21. Additional exclusion criteria at the end of screening period before randomization 

a. Use of sulfonylurea, glinide, SGLT- 2 and DPP-4 inhibitor after start of run-
in (from visit 2); 

b. HbA1c at week -1: < 7% and > 10%; 
c. Metformin maximal tolerated dose < 1500mg/day; 
d. Fasting Plasma glucose > 250 mg/dL (13.9 mmol/L) at visit 4 (week -1); 
e. Amylase and/or lipase > 3 ULN at visit 4 (week -1) 

 
Study EFC12405: 
 
Inclusion Criteria 
Patients meeting all of the following inclusion criteria were screened: 
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1. Patients with type 2 diabetes mellitus (Type 2 DM) diagnosed for at least 1 year 
before the screening visit, 

2. Patients who have been treated with a basal insulin for at least 6 months before 
the screening visit, 

3. Patients who have been treated with a stable basal insulin regimen (i.e., type of 
insulin and time/frequency of the injection), for at least 3 months before the 
screening visit, 

4. Stable total daily basal insulin dose (±20%) of between 15 and 40 U/day for at 
least 2 months before the screening visit, 

5. For patients receiving basal insulin AND 1 or 2 OADs: the OAD dose(s) had to be 
stable during the 3 months before the screening visit. The OADs can be 1 to 2 
out of: 

a. metformin (≥1500 mg/day or maximal tolerated dose), 
b. a sulfonylurea (SU), 
c. a glinide, 
d. a dipeptidyl-peptidase-4 inhibitor (DPP-4 inhibitor) or 
e. a sodium glucose co-transporter 2 inhibitor (SGLT-2 inhibitor). 

6. FPG ≤ 180 mg/dL(10.0 mmol/L) at screening visit for patients receiving basal 
insulin in combination with 2 OADs or with 1 OAD other than metformin; FPG 
≤ 200 mg/dL (11.1 mmol/L) at screening visit for patients on basal insulin only or 
basal insulin plus metformin at screening visit. 

 
Medical exclusion criteria: 
Exclusion criteria were predominantly similar to EFC 12404. Criteria that differed in this 
study are listed below: 

1. Use of oral or injectable glucose-lowering agents other than those stated in the 
inclusion criteria in the 3 months before screening 

2. Previous use of insulin regimen other than basal insulin, e.g., prandial or pre-
mixed insulin in the year prior to screening visit. Note: Short term treatment (≤10 
days) due to intercurrent illness including gestational diabetes was allowed 

3. Patient who has a renal function impairment with creatinine clearance <30 
mL/min, 

4. Additional exclusion criteria at the end of screening period before randomization 
a. Mean fasting SMPG is >140 mg/dL (7.8 mmol/L), calculated from self-

measurements for the 7 days before the randomization visit (V6), 
b. Average insulin glargine daily dose <20 U or >50 U calculated for the last 

3 days before Visit 6. 
 
Reviewer’s Comment: 
In study EFC12405, based on a fasting SMPG cut-off of 140 mg/dl prior to 
randomization, the median HbA1c of patients should have been ~8% in patients 
entering the treatment period. This limits the scope for titration during the treatment 
period. The inclusion and exclusion criteria seem otherwise acceptable. 
 

Reference ID: 3992175



Clinical Review 
{Suchitra Balakrishnan, MD, PhD}  
{NDA 208673} 
{Insulin glargine/Lixisenatide fixed-ratio combination, Soliqua 100/33} 
 

42 

5.3.2.4 Background therapy 

Study EFC12404: 
Commercial metformin tablet was to be administered orally according to its locally 
approved label. Daily metformin dose will be increased weekly during the run-in phase 
by increments of up to 500 mg to a final daily dose of at least 2000 mg or up to the 
maximal tolerated dose (MTD). To have the patient being eligible for randomization this 
MTD should be ≥1500 mg/day. After randomization during the treatment period, this 
dose will be maintained until the end of the study. Metformin treatment dose or rescue 
therapy was to be reported in the electronic case report form (eCRF). 
 
Study EFC12405: 
If patients were on metformin as background treatment, it had be at a stable dose of at 
least 1500 mg/day or maximal tolerated dose for at least 3 months prior to screening. 
This was to be continued and the dose should remain stable throughout the study 
unless there is a specific safety issue related to this treatment. 

5.3.4.5 Rescue Therapy 

Study EFC12404: 
Routine fasting SMPG, and central lab alerts on FPG and HbA1c (after week 12) were 
required to ensure that glycemic parameters remain under predefined thresholds values 
(see below). If all the fasting SMPG values in three consecutive days exceed the 
specific limit, the patient had to contact the investigator and a central laboratory FPG 
measurement (and HbA1c after week 12) was performed. 
 
The thresholds values were defined as follows, depending on study period and 
treatment group: 
 
For the lixisenatide group only: 
From visit 5 (D1, week 0) to Visit 12 (week 8): FPG > 270 mg/dL (15.0 mmol/L); 
 
For all three treatment groups: 

• From Visit 12 (week 8) to Visit 14 (week 12) (excluding V14 value): FPG > 240 
mg/dL (13.3 mmol/L), 

• From Visit 14 (week 12) up to Visit 20 (week 30) FPG >200 mg/dL (11.1 mmol/L) 
or HbA1c > 8 %; 

 
In case of FPG or HbA1c above the threshold, the investigator had to ensure that no 
reasonable explanation exists for insufficient glucose control and titrate insulin glargine 
or the insulin glargine/lixisenatide FCDP according to protocol (up to a maximum of 60 
U of insulin glargine in the combination group and insulin glargine group; up to a 
maximum of 20μg in the lixisenatide group). If appropriate actions failed a rescue 
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treatment was to be added. The choice of other rescue treatment depended on the 
treatment group: 
 

• In the lixisenatide group, the choice was left at the investigator’s discretion; 
• In the combination and insulin glargine groups, it was recommended to add a 

short/rapid acting insulin (insulin glulisine when available); this was to be started 
as a single daily administration to be given at the main meal of the day (except 
breakfast in the FCDP group). 
 

All assessments (except PK and antibody assessments) planned for the end of 
treatment visit were to be performed before initiating rescue therapy. After these 
assessments were completed and rescue therapy had been initiated, the patient was to 
remain in the study and continue with study treatment (including metformin). The 
planned visits and assessments (except for meal test) were to be performed until the 
last scheduled visit. 
 
Study EFC12405: 
Rescue criteria and therapy were similar to those listed for the FCDP and insulin 
glargine groups in EFC12404. 
 

5.3.4.6 Methods and Statistical Analyses 

For the eligibility and efficacy assessments, HbA1c was measured by a certified level I 
National Glycohemoglobin Standardization Program central laboratory. In both studies, 
HbA1c, FPG, and post-prandial glucose (PPG) values (from the 2-hour standardized 
meal test) measured in a central laboratory were used for the statistical analyses. 
Patients were trained to measure plasma glucose values with a glucometer. The 
glucometers were calibrated according to instructions given in the package leaflet and 
the study staff had to check the glucose meters regularly using the provided control 
solutions for data validity. Fasting SMPG values were used by the investigator and 
patients if appropriate to titrate and adjust insulin glargine dose or the FCDP dose and 
to monitor glycemic control. During the treatment period, fasting SMPG values were to 
be measured once a day. Anti-insulin glargine and anti-lixisenatide antibodies were 
determined at central laboratories using validated assays. 
 
Efficacy analyses were performed on the modified intent-to-treat (mITT) population 
using efficacy assessments collected during the study, including those obtained after 
IMP discontinuation or introduction of rescue therapy, unless otherwise specified. The 
mITT population is defined as all randomized patients who had both a baseline 
assessment and at least one post-baseline assessment of any primary or secondary 
efficacy variable, irrespective of compliance with the study protocol and procedures. 
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The on-treatment period for the primary efficacy endpoint (HbA1c change from 
baseline) was defined as the time from the first injection of IMP up to 14 days after the 
last injection of IMP or up to the introduction of rescue therapy, whichever occurred first. 
 
The primary efficacy endpoint in the Phase 3 studies was the change from baseline in 
HbA1c at Week 30. The percentage of patients with HbA1c < 7% or ≤6.5% at Week 30 
was also assessed. 
 
The primary endpoint, change in HbA1c from baseline to Week 30, was analyzed using 
a mixed effect model with repeated measures (MMRM), under the missing at random 
framework. The MMRM model included treatment group, randomization strata, visit, 
treatment-by-visit interaction and country as fixed effects, and baseline HbA1c value-by-
visit interaction as a covariate. The adjusted mean change in HbA1c from baseline to 
Week 30 for each treatment group was estimated in the framework of this model, as 
well as the between-group difference and the 95% confidence interval (CI).  
 
The key secondary efficacy endpoints included: 
 

• Change in 2-hour glucose excursion (defined as 2-hour PPG minus plasma 
glucose 30 minutes prior to the meal before the administration of the IMP) from 
baseline to Week 30 

• Change in body weight from baseline to Week 30, 
• Change in FPG from baseline to Week 30, 
• Change in average 7-point SMPG from baseline to Week 30, 
• Change in daily dose of insulin glargine from baseline to Week 30 in study 

EFC12405, and insulin glargine dose at Week 30 in study EFC12404 
 
Study EFC12404: 
The co-primary efficacy hypotheses were statistical superiority of the FCDP versus 
lixisenatide and non-inferiority of the FCDP versus insulin glargine. Statistical superiority 
of the FCDP versus lixisenatide was tested at a 2-sided 5% significance level. Non-
inferiority of the FCDP versus insulin glargine would be demonstrated if the upper 
bound of the 2-sided 95% CI of the difference between the FCDP and insulin glargine 
was ≤ 0.3%. 
 
For the co-primary hypotheses, superiority and non-inferiority were claimed only when 
both were demonstrated at the given statistical significance level. Once the co-primary 
hypotheses were both established for the primary efficacy endpoint, a step-down testing 
procedure was used for the key secondary efficacy endpoints, also including a test of 
superiority of the FCDP over insulin glargine alone on the primary endpoint at 2 sided 
alpha level of 0.05. Testing was stopped when an endpoint was found not to be 
statistically significant and was performed in the following order to include: 
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1. Change in 2-hour PPG excursion during the standardized meal test for the FCDP 
versus insulin glargine 

2. Change in body weight for the FCDP versus insulin glargine 
3. Change in FPG for the FCDP versus lixisenatide 
4. Change in the daily average of the 7-point SMPG for the FCDP versus 

lixisenatide 
5. Percentage of patients reaching HbA1c <7.0% with no body weight gain at Week 

30 for the FCDP versus insulin glargine 
6. HbA1c superiority of the FCDP versus insulin glargine 

 
Study EFC12405:  
The primary efficacy hypothesis was statistical superiority of the FCDP versus insulin 
glargine using a 2-sided test at a nominal 5% significance level. If the primary efficacy 
endpoint was statistically significant at the 5% level, a hierarchical testing procedure 
was performed to test key secondary endpoints similar to EFC 12404, but comparing 
the FCDP to insulin glargine. Testing was stopped when an endpoint was found not to 
be statistically significant. 
 
The key sensitivity analysis for the primary efficacy endpoint was the same MMRM 
model as described for the primary analysis performed by including only the scheduled 
HbA1c measurements collected during the on-treatment period, i.e., excluding HbA1c 
values collected after IMP discontinuation (post 14 days after the last injection of IMP) 
or the introduction of rescue therapy 
 
Sub-group Analyses: 
The applicant did not pool efficacy data from these two studies. The rationale provided 
was that the populations were different (insulin-naïve patients in EFC12404 and insulin-
treated patients in EFC12405), with different dose levels of the FCDP expected at the 
end of the study. Consistency across subgroups (including antibody subgroups) for the 
primary efficacy endpoint was assessed. For these analyses, comparison of the FCDP 
versus insulin glargine was based on data from the two pooled Phase 3 studies and 
assessed subgroup factors including Race, Age, Gender, Baseline BMI, Baseline 
HbA1c, Creatinine clearance categories at screening and by anti-insulin glargine/anti-
lixisenatide antibody status. A fixed effect meta-analysis was performed.  
 
The sample size for the two Phase 3 studies were calculated based on the primary 
efficacy endpoint of change in HbA1c from baseline to Week 30, with the following 
assumptions: 

• A common standard deviation of 1.1%, 
• A true difference of zero between insulin glargine/lixisenatide FCDP and the 

insulin glargine alone and a non-inferiority margin of 0.3% for EFC12404, 
• A 0.4% mean difference between insulin glargine/lixisenatide FCDP and 

lixisenatide in change from baseline in HbA1c for EFC12404, 
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• A 0.4% mean difference between insulin glargine/lixisenatide FCDP and insulin 
glargine in change from baseline in HbA1c for EFC12405, 

• A t-test at a 1-sided 2.5% significance level with at least 95% power. 
 

Due to concerns raised about the contribution of lixisenatide at doses with no 
established efficacy towards the overall efficacy response of the FCDP, the applicant 
also conducted post-hoc analyses of key efficacy endpoints by final insulin and 
lixisenatide dose levels to support the use of the product over the entirety of the dose 
range of the FCDP. This will be further discussed in Section 6. 
 

5.3.4.7 Reviewer’s Overall Assessment for Pivotal Study Design, Conduct and Analyses 

I have the following concerns with the study design and conduct with regard to the 
ability to interpret the efficacy findings: 
 
As mentioned earlier, in study EFC 12405, based on a fasting SMPG cut-off of 140 
mg/dl prior to randomization, the median HbA1c of patients was expected to be ~8% in 
patients entering the treatment period. This limits the scope for titration during the 
treatment period. 
 
In both studies insulin glargine was capped at a dose of 60 U. This is not reflective of 
real-world use of insulin glargine. It is unknown if superiority over insulin glargine could 
have been established if titration beyond 60 U was permitted. In addition, the titration 
regimen, although designed to improve tolerability for the lixisenatide component of the 
FCDP, favored the FCDP arm, especially in study EFC 12404, where subjects with a 
FPG ≤ 250 mg/dl could be randomized. More aggressive titration could have resulted in 
an improved HbA1c effect in the insulin glargine arm, and could have been feasible, 
given the open label design. 
 
In both pivotal studies the majority of patients were receiving ≥10 to ≤20 μg of 
lixisenatide at the end of the treatment period. The phase 3 program for lixisenatide 
evaluated a maintenance dose of 20 µg q.d.. The Applicant believes that lixisenatide at 
a dose range between 5 and 20µg contributes to the efficacy of the FCDP based on: 
 

• A post-hoc analyses of primary and key secondary end-points by dose category 
• The results of the phase 2 study DRI6012 (lixisenatide NDA 208471)-which was 

only of 13 weeks duration. This includes a dose-response analyses 
• A longitudinal model-based meta-analysis performed to quantify the dose-

response relationship of the FCDP of insulin glargine and lixisenatide as well as 
the individual contribution of the components to the combination (PMH0172) and 

• The time course of HbA1c response of GLP1 analogues to demonstrate 
correlation between the 3 month and 6 month efficacy response was also 
analyzed using integrated Type 2 DM data in public databases.  
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Reviewer’s Comment: The division considers Modelling and simulation analyses as 
exploratory. The HbA1c effect is best assessed based on the clinical data from the 
lixisenatide program. Given the modest efficacy response of lixisenatide at 20µg (non-
inferior to sitagliptin and statistically inferior to exenatide- refer to section 6 of the clinical 
review under NDA 204961 and NDA 208471), the long-term efficacy contribution of 
doses < 10µg remains uncertain.  In addition the applicant proposes that the gradual 
dose increase of lixisenatide starting at 5 µg concomitantly with up-titration of insulin 
glargine, improves gastrointestinal tolerability compared to lixisenatide 20µg. This can 
be a consideration for the benefit-risk assessment only if efficacy is established for the 
5-20 µg dose range. 
 
Based on the regulation (21CFR 300.50), there should be evidence that the 
combination is safe and effective for a significant patient population requiring such 
concurrent therapy The applicant indicates that the majority %) of the target 
population for the FCDP is expected to require a daily dose of insulin glargine between 
10 to 60 U and has submitted data from the

to support this statement. This data was reviewed by the Drug Utilization Staff 
in the Office of Surveillance and Epidemiology (OSE), and is discussed further in 
section 6. 
 

6 Review of Efficacy 
Efficacy Summary 
Statistical superiority over treatment with insulin glargine alone for HbA1c change from 
baseline after 30 weeks was demonstrated with the FCDP in the pivotal phase 3 
studies. In EFC12404 (Insulin naïve patients), mean HbA1c decreased by 1.63% for the 
FCDP, 1.34% for insulin glargine, and 0.85% for lixisenatide.  The mean difference 
versus insulin glargine was -0.29% (p<0.0001) and versus lixisenatide was -0.78% 
(p<0.0001). In study EFC12405 (patients with prior basal insulin treatment), statistical 
superiority of the FCDP over insulin glargine was again demonstrated for change from 
baseline to Week 30 in HbA1c, with a LS mean treatment difference of -0.52% 
(p<0.0001) 
 
However, the results of the pivotal phase 3 studies have major limitations and therefore 
it remains uncertain whether the FCDP offers significant benefit over insulin glargine 
alone for HbA1c change from baseline for the following reasons: 
 

• In both studies insulin glargine was capped at a dose of 60U. This is not 
reflective of real-world use of insulin glargine. It is unknown if superiority over 
insulin glargine could have been established if titration beyond 60 U was 
permitted in the insulin glargine arm. This is further supported by the results from 
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the phase 2 proof of concept study (ACT 12374). In this study the HbA1c 
difference vs. insulin glargine was still statistically significant (mean treatment 
difference of -0.17% [p=0.0130]), but less than the difference observed in the 
phase 3 studies.  

 
• In both studies, titration was conservative and geared towards gastrointestinal 

tolerability for the GLP-1 receptor agonist. Less than 40% of patients in both 
studies achieved a fasting plasma glucose target of < 100 mg/dl. Given the poor 
performance of the titration algorithm, it is unknown if the patients in the insulin 
glargine arm would have achieved a better HbA1c effect with more aggressive 
titration. 

 
• In both pivotal studies the majority of patients were receiving ≥10 to ≤20 μg of 

lixisenatide at the end of the treatment period. The phase 3 program for 
lixisenatide evaluated a maintenance dose of 20 µg q.d.. Given the modest 
efficacy response at the 20µg dose and the placebo corrected HbA1c change 
from baseline observed in the dose-response study for lixisenatide 5 and 10 µg 
q.d. (Mean and 95%CI): -0.28 [-0.472 to -0.091] and -0.31 [-0.508 to -0.115] 
respectively at 13 weeks (DRI6012), it remains uncertain whether doses of 
lixisenatide less than 10µg make a significant contribution to the FCDP efficacy 
response.  

 
In summary, the studies address a regulatory question as per 21 CFR 300.50 to 
demonstrate contribution of each component (insulin glargine and lixisenatide) to the 
efficacy response. There is concern for impact of capped insulin dose and adequacy of 
titration on clinical generalizability of the results. There is also uncertainty regarding the 
contribution to the efficacy from lixisenatide at low doses. 
 
Since the benefit to patients of initiating multiple therapeutic agents at once vs. 
sequential addition is unknown (see section 2.6), it seems difficult to justify 
recommending the FCDP as a treatment option in insulin or GLP1 naïve patients vs 
sequential addition of basal insulin or GLP1. These patients may only require a single 
agent for glycemic control and would then be subject to additional risks from the second 
agent. The FCDP may be a treatment option in patients in patients inadequately 
controlled on basal insulin. Again, there are limitations due to loss of dosing flexibility 
with the product presentation, since the dosing of insulin and lixisenatide are linked and 
the maximum insulin glargine dose of 60U/day with the FCDP. 
 
A sub-group analyses of patients using Pen B alone (3:1 ratio of insulin glargine and 
lixisenatide) in study EFC12405 (patients with prior basal insulin treatment) was 
conducted. Limitations include the post-hoc nature of the analyses and the use of Pen B 
was a post-randomization variable. Nevertheless, these data support use of Pen B for 
patients on prior basal insulin therapy.  
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mean duration of diabetes that was shorter by approximately 3 years as compared to 
patients entering on basal insulin ± OAD(s) (EFC12405) and lower incidence of 
microvascular complications. Screening HbA1c was higher in the insulin-pretreated as 
compared to insulin-naive population (8.5% versus 8.2%). However, at the end of the 
run-in period, baseline HbA1c was approximately 8.1% in both studies in all treatment 
groups. The overall mean baseline FPG was 176.6 mg/dL in the insulin-naïve 
population  and 132.4 mg/dL in the previously basal insulin-treated population in 
EFC12405 , since patients in EFC12405  had to meet eligibility criteria pre-
randomization for FPG (see 5.3.2.3 Study Population) 
 
Table 9: Demographics and Patient Characteristics at Baseline -Randomized 
Population 
 EFC12404 EFC12405 

FCDP 
N=469 

Insulin 
Glargine 
N=467 

Lixi 
N=234 

FCDP 
(N=367 

Insulin 
Glargine 
(N=369) 

Median Age (yrs) 59.0  59.0 59.0 60.0 61.0 
Gender  (Male) 222 (47.3%) 237 (50.7%)  133 

(56.8%) 
165 
(45.0%)  

179 (48.5%) 

Median BMI 
(kg/m2) 

31.40  31.45  32.09 31.18  30.62 

HbA1c (pre-
randomization) 
Mean (SD) 

8.11 (0.67)  8.13 (0.65)  8.16 
(0.69) 

8.19 
(0.64)  

8.24 (0.71) 

Age Groups: 
≥ 65 to < 75  121 (25.8%) 97 (20.8%)  53 

(22.6%) 
89 
(24.3%)  

102 (27.6%) 

≥ 75  12 (2.6%) 17 (3.6%) 6 (2.6%) 21 (5.7%)  18 (4.9%) 
Race [n (%)] 
Caucasian/White 417 (88.9%)  421 (90.1%)  216 

(92.3%) 
337 
(91.8%)  

338 (91.6%) 

Black 33 (7.0%)  33 (7.1%)  12 (5.1%) 17 (4.6%)  21 (5.7%) 
Asian/Oriental 8 (1.7%) 7  7 (1.5%)  3 (1.3%) 12 (3.3%) 8 (2.2%) 
Randomization strata of HbA1c (%) 
< 8  207 (44.1%)  207 (44.3%)  103 

(44.0%) 
140 
(38.1%)  

142 (38.5%) 

≥ 8  262 (55.9%)  260 (55.7%)  131 
(56.0%) 

227 
(61.9%)  

227 (61.5%) 

Source: table 11, CSR for EFC12404 and Table 12, CSR for 12405, eCTD 5,3,5,1 
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Table 10: Disease Characteristics at Screening or Baseline, EFC12404-
Randomized Population 
Patient Characteristics FCDP 

(N=469) 
Insulin Glargine 
(N=467) 

Lixisenatide 
(N=234) 

Median Duration of 
diabetes (years) 

8.14  7.60  7.65 

Median Duration of prior 
metformin  treatment 
(years) 

5.25  5.45  5.45 

Median Daily dose of 
metformin at baseline  

 2000.0 2000.0 2000.0 

Categorized daily dose of metformin at baseline (mg) [n (%)] 
< 1500  3 (0.6%) 4 (0.9%) 1 (0.4%) 
≥ 1500-< 2500  283 (60.3%) 285 (61.0%) 139 (59.4%) 
≥ 2500-< 3000  98 (20.9%) 98 (21.0%) 55 (23.5%) 
≥ 3000  85 (18.1%) 80 (17.1%) 39 (16.7%) 
Fasting Plasma glucose 
(mg/dL) (Mean {SD]) at 
baseline 

177.86 (42.33)  175.73 (41.88)  175.72 (39.37) 

Second OAD use at 
screening [n (%)] 

274 (58.4%)  270 (57.8%)  133 (56.8%) 

Prior insulin use   4 (1.7%) 14 (3.0%)  4 (1.7%) 
Diabetic retinopathy [n 
(%)] 

44 (9.4%)  27 (5.8%)  26 (11.1%) 

Diabetic sensory or 
motor neuropathy [n 
(%)] 

111 (23.7%)  98 (21.0%)  51 (21.8%) 

Impaired renal function 
(estimated GFR by 
MDRD 
below 60 ml/min) 

2 (0.4%)  0  1 (0.4%) 

Baseline urinary albumin/creatinine ratio (μg/mg) [n (%)] 
<30 (normal)  365 (78.3%)  380 (81.5%) 187 (79.9%) 
≥ 30 -<300 
(microalbuminuria)  

89 (19.1%)  74 (15.9%) 41 (17.5%) 

≥ 300 
(macroalbuminuria)  

12 (2.6%)  12 (2.6%) 6 (2.6%) 

Source: Table 12, CSR for EFC12404, and table 1, EFC12404-15-1-demo-data, eCTD 
5.3.5.1 
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Table 11: Disease characteristics at screening or baseline - Randomized 
population: EFC12405 
Patient Characteristics FCDP 

(N=367) 
Insulin Glargine 
(N=369) 

Median Duration of 
diabetes (years) 

10.49  11.32 

Median Duration of prior 
basal insulin treatment 
(years) 

2.15  2.29 

Prior basal insulin use by type/regimen (Visit 2) 
Insulin glargine  233 (63.5%) 241 (65.3%) 
Insulin detemir  48 (13.1%)  56 (15.2%) 
NPH  86 (23.4%)  72 (19.5%) 
Median Daily dose of prior 
basal insulin (U) at run-in  

30.00  30.00  

Median daily dose of insulin 
glargine (U) at 
randomization 

35.00  36.00 

Fasting Plasma glucose 
(mg/dL) (Mean [SD]) at 
randomization 

132.23 (35.11)  132.53 (38.24) 

Metformin use at screening 329 (89.6%) 329 (89.2%) 
Median Duration of 
metformin treatment (years) 

7.76  7.54 

Number of OAD use at screening [n (%)] 
1 OAD  189 (51.5%)  210 (56.9%) 
2 OADs  160 (43.6%)  140 (37.9%) 
Diabetic retinopathy [n (%)] 83 (22.6%)  74 (20.1%) 
Diabetic sensory or motor 
neuropathy [n (%)] 

148 (40.3%)  133 (36.0%) 

Impaired renal function 
(estimated GFR by MDRD 
below 60 ml/min) 

13 (3.5%)  8 (2.2%) 

Baseline urinary albumin/creatinine ratio (μg/mg) [n (%)] 
<30 (normal)  270 (73.8%)  266 (72.3%) 
≥ 30 -<300 
(microalbuminuria)  

74 (20.2%)  83 (22.6%) 

≥ 300 (macroalbuminuria)  22 (6.0%)  19 (5.2%) 
Source: Table 13, CSR for EFC12405, and table 1, EFC12405-15-1-demo-data, eCTD 
5.3.5.1 
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6.1.3 Subject Disposition 

 
Overall, in EFC12404, completion rates were comparable between the insulin glargine 
and FCDP groups (see tables below).  The reasons for discontinuation listed under 
“other” by order of frequency were personal reasons (family stressors), physician 
decision not related to safety, decreased metformin dose and prohibited medications. 
 
In EFC12405, the number of subjects discontinuing due to AEs and “other” reasons 
were higher in the FCDP group.  One of the reasons listed under “other” was 
hypoglycemia. The rest were not safety related. 
Table 12: Patient disposition, EFC12404-Randomized Population 
Disposition Term FCDP Insulin Glargine Lixisenatide 
Subjects(Totals)   N=469    N=467   N= 233  
completed   440 ( 93.8%)   440 ( 94.2%)   205 ( 88.0%) 
adverse event    12 (  2.6%)     9 (  1.9%)    21 (  9.0%) 
lack of efficacy     1 (  0.2%)     0 (  0.0%)     3 (  1.3%) 
other reason     8 (  1.7%)     9 (  1.9%)     0 (  0.0%) 
poor compliance to 
protocol     8 (  1.7%)     9 (  1.9%)     4 (  1.7%) 
Source: Table 6, CSR for EFC12404, eCTD 5.3.5.1 
 

 

Table 13: Patient disposition, EFC12405-Randomized Population 

 Disposition term 
FCDP 
N= 367 

Insulin Glargine 
N=369 

Randomized and treated  365 (99.5%)  365 (98.9%) 
completed   336 ( 92.1%)   355 ( 97.3%) 
adverse event    12 (  3.3%)     3 (  0.8%) 
lost to follow-up     1 (  0.3%)     0 (  0.0%) 
other reason    12 (  3.3%)     6 (  1.6%) 
poor compliance to protocol     4 (  1.1%)     1 (  0.3%) 
 
Source: Table 6, CSR for EFC12405, eCTD 5.3.5.1 
 

6.1.4 Analysis of Primary Endpoint(s) 

The results of the applicant’s primary efficacy analyses for mean change in HbA1c from 
baseline to week 30 is shown in the table below.  This was a Mixed-effect model with 
repeated measures (MMRM) analysis with treatment groups, randomization strata, visit 
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(week 8, 12, 24, and 30), treatment-by-visit interaction and country as fixed effects, and 
baseline HbA1c value-by-visit interaction as a covariate. The analysis included all 
scheduled measurements obtained during the study, including those obtained after IMP 
discontinuation or introduction of rescue therapy. Patients who have measurements at 
baseline and post-baseline are included. In study EFC12404, LS mean HbA1c 
decreased by 1.63% for the FCDP, 1.34% for insulin glargine, and 0.85% for 
lixisenatide.  The LS mean difference versus insulin glargine was -0.29% (p<0.0001) 
and versus lixisenatide was -0.78% (p<0.0001). In study EFC 12405, statistical 
superiority of the FCDP over insulin glargine was again demonstrated for change from 
baseline to Week 30 in HbA1c, with a LS mean treatment difference of -0.52% 
(p<0.0001) 
 
The results of all sensitivity analyses of the primary endpoint were consistent with the 
results of the primary analysis. These were verified by the statistical reviewer. 
 
Table 14: Primary Endpoint Efficacy Analyses, EFC12404 and EFC12405 
Study Treatment 

Arms 
Number 
of 
Subjects 
Analyzed 

LS 
Mean 
Change 
from 
Baseline  

LS Mean Treatment 
Difference of FCDP 
vs. Comparator (95% 
CI)  

P-value 

EFC12404  
FCDP 
Insulin Glargine 
Lixisenatide 

 
467 
464 
233 

 
-1.63 
-1.34 
-0.85 

 
 
-0.29 [-0.384, -0.194] 
-0.78 [-0.898, -0.665] 

 
 
<0.0001 
<0.0001 

EFC12405  
FCDP 
Insulin Glargine 

 
364 
364 

 
-1.13 
-0.62 

 
 
-0.52 [-0.633, -0.397]  

 
 
<0.0001 

Source: Table 1.3.1.1, Integrated Summary of Efficacy, eCTD5.3.5.3 
 
As already discussed in 5.3.1 ACT12374, the results from ACT12374 were also 
reviewed, since this was the only study where the insulin glargine dose was not capped. 
A reduced but statistically significant difference vs. insulin glargine for HbA1c change 
from baseline was noted in this study compared to both pivotal phase 3 studies. The LS 
mean changes from baseline (standard error [SE]) to Week 24 were -1.82% (0.058%) 
for the FCDP and -1.64% (0.057%) for insulin glargine, reaching mean (SD) HbA1c 
levels of 6.31% (0.72%) and 6.47% (0.64%), respectively, with a LS mean treatment 
difference of -0.17% (p=0.0130). 
 

6.1.4.1 Insulin glargine Dose and Titration targets 

Efficacy conclusions of superiority to a titratable product have to be interpreted with 
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caution.  One reason is whether the titration was robust enough to achieve titration 
targets and the potential for bias. As already discussed in Section 5.3.4.7 Reviewer’s 
Overall Assessment for Pivotal Study Design, Conduct and Analyses, insulin titration in 
this study was relatively conservative. Titration occurred once a week based upon the 
median fasting glucose in the preceding 3 days.  Increases in dose were limited to no 
more than 4 units a week. Whether a different titration algorithm that allowed for more 
rapid titration like the one used previously by the applicant in the Early Treatment 
Diabetic Retinopathy study 20 would have resulted in better glycemic control is 
unknown.  
 
Table 15: Titration algorithm in the Early Treatment Diabetic Retinopathy Study 
(Target: <100 mg/dL) 
Median fasting glucose for preceding 2days Dose adjustment 
≥ 180 mg/dl Increase 6-8 units 
≥ 140 to < 180 mg/dL Increase 4 units 
≥ 120 to < 140 mg/dL Increase 2 units 

≥ 100 to < 120 Increase 0-2 units, at investigator’s 
discretion 

< 56 mg/dL or hypoglycemia Decrease 2-4 units 
 
An additional concern is whether it is fair to use the same algorithm to titrate the dose 
one drug (insulin glargine) versus titrating the dose of two drugs (insulin glargine and 
lixisenatide). 
 
It is important to assess the adequacy of insulin titration by comparing the dose of 
insulin and percent of subjects attaining titration targets (SMPG levels between 80 to 
100 mg/dL). These data are displayed in the graphs (Figure 5) that follow. It was also 
important to assess insulin titration and dose in ACT12374, since this was the only 
study where the insulin glargine dose was not capped and the dose if insulin glargine 
could be increased up to 6U per week.  Proportions (%) of patients attaining FPG 
values less than 100 mg/dL (5.6 mmol/L) are shown along with dose of insulin (U) in the 
FCDP and insulin glargine arms over the course of the studies. 

                                            
20 Early Treatment Diabetic Retinopathy Study Design and Baseline Patient Characteristics, 
Ophthalmology [0161-6420] yr:1991 vol:98 iss:5 pg:741 -756 

Reference ID: 3992175



Clinical Review 
{Suchitra Balakrishnan, MD, PhD}  
{NDA 208673} 
{Insulin glargine/Lixisenatide fixed-ratio combination, Soliqua 100/33} 
 

56 

Figure 5: Proportion (%) of Patients Reaching Titration Target of Fasting Plasma 
Glucose <100 mg/dL and Dose of Insulin-ACT12374, EFC12404, EFC12405 
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Generated by Reviewer using GraphPad_Prism. Data Source: Appendix Tables 
16.2.6.2.38, 16.2.6.2.76 &16.2.6.2.70-Efficacy Response data from CSRs for 
ACT12374, EFC12404 and EFC12405, eCTD5.3.5.1;  Applicant’s Response to 
Information Request , February 02, 2016 
 
The success rate of titration in the study raises question about the generalizability of the 
study results to clinical practice.  Despite having an algorithm and central monitoring, 
successful achievement of titration targets was less than 40% in study EFC12404. In 
study EFC12405, fasting glucose targets were achieved by approximately 30% of 
subjects. The reasons for not attaining goal are not clear. In study EFC12405, mean 
fasting plasma glucose was 132.4 mg/dL pre-randomization, thereby limiting the scope 
for titration over the course of the trial. The mean daily dose of insulin glargine 
increased from 35-47 U in both the insulin glargine and FCDP arms. The dose appears 
to have reached a plateau earlier in the insulin glargine arm compared to the FCDP 
arm.  
 
On comparing the similar populations in ACT12374 and EFC12404, it appears that both 
groups were titrated and the mean dose of insulin increased for both the insulin glargine 
and FCDP groups.  However, since the dose of insulin glargine was not capped in 
ACT12374, a slightly higher proportion of patients reached titration targets in the insulin 
glargine arm, compared to the FCDP in this study.  In addition the titration algorithm in 
this study allowed for increases in insulin glargine dose of up to 6 U per week. At the 
end of the study the mean dose of insulin was 38 U in the FCDP arm and 42 U in the 
insulin glargine arm; 26 (16%) of subjects in the insulin glargine arm were receiving 
doses over 60 U.  In study EFC12404 the mean dose of Insulin was 39.8 and 40.3 U in 
the FCDP and insulin glargine arms respectively at week 30. Thus it appears that insulin 
dose titration was carried out for both treatment arms in EFC12404, but the capped 
dose at 60U in the insulin glargine arm and the conservative titration could have 
affected the proportion of subjects attaining titration targets. 
 
In practice, insulin can be titrated without a limit.  In the phase 3 studies, the dose was 
capped at 60 units both for IGlarLixi and for insulin glargine.  While this reflects the limit 
of the proposed drug product, it raises question with regard to the clinical relevance of 
the study findings. In the phase 3 studies, approximately 16 to 30 percent of subjects 
were at the 60 U limit (Table 16).  The mean fasting glucose in this sub-group was not 
at the titration target of 80-100 mg/dL.  As discussed in the statistical review by Dr. He, 
the applicant’s tipping point analysis for this subgroup suggests that these insulin 
glargine subjects would need an additional reduction in HbA1c of 0.9% for Study 
EFC12404 and 1.2% for Study EFC12405 for the results to be no longer statistically 
significant to not be able to conclude superiority. However, if we consider the entire 
study population, the insulin glargine arm would only need an additional HbA1c 
reduction of 0.2% in study EFC12404 and 0.4% in study EFC12405 to no longer 
conclude superiority. Whether further titration beyond 60 units of insulin glargine would 
have resulted in this amount of further reduction in HbA1c is unknown.  How much this 
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means with regard to the contribution of capping the dose on the superiority conclusion 
is also unclear.   
. 
Table 16: Characteristics of Patients with Final Insulin Dose of 60 U 
 Study EFC12404 Study EFC12405 
 FCDP 

N=469 
Insulin glargine 
N=467 

FCDP 
N=366 

Insulin 
Glargine 

N=365 
Number of Patients with 
Final Insulin Dose 60 Units N=73 (16%) N=94 (20%) N=99 (27%) N=112 (31%) 

Mean Baseline HbA1c 
(SD) 8.2 (0.7) 8.2 (0.7) 8.2 (0.76) 8.1 (0.8) 

Mean End of Study HbA1c 
(SD) 7.0 (1.0) 7.0 (0.7) 7.2 (0.9) 7.7 (1) 

Mean Baseline FPG (SD) 197.8 (42.6) 195.4 (42) 139 (29.6) 139.4 (32.0) 
Mean End of Study FPG 
(SD) 129.4 (25.3) 133.4 (31.8) 130.2 (46.7) 132.6 (37.3) 

Mean insulin Dose at 
Week 1 (SD) 10.3 (0.9) 10.1 (1.1) 29.7 (4.8) 41.2 (8) 

Mean insulin Dose at 
Baseline (SD)   41.7 (8.2) 40.6 (7.8) 

Source: Generated by Dr. Jiwei He 
 
Both the FCDP and insulin glargine have to be titrated in a manner that individualizes 
therapy based on fasting SMPG levels while avoiding hypoglycemia. The insulin 
glargine dose was capped at 60U in these studies. For an adequate comparison 
between groups, there has to be confidence that maximum feasible effects on efficacy 
and safety parameters were achieved by the end of the study. While hypoglycemia was 
comparable between the treatment groups (7.3.5.1 Hypoglycemia), there is some 
uncertainty whether the maximal insulin dose/efficacy response was achieved in the 
insulin glargine arm. 
 
In summary, the capped dose and limited titration does affect interpretation of the 
results of these studies. Whether the statistical superiority of the FCDP response over 
the insulin glargine arm would still persist if insulin glargine was not capped and freely 
titrated is unknown. 
 

6.1.4.2 Contribution of lixisenatide to the FCDP Efficacy Response at Doses < 
20µg 

Only the 20 µg dose of lixisenatide was evaluated in the phase 3 clinical program (NDA 
208471).Therefore the contribution of the lixisenatide component at doses from 5 to < 
20 µg to the total efficacy response of the FCDP is in question, while patients are 
potentially subject to additional risk compared to treatment with insulin glargine alone. 
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The adverse event profile at lower dose range will be discussed further under Section 
7.4.1 Common Adverse Events 
 

6.1.4.2.1 Post-hoc Analyses of Primary Endpoint by Dose-category 
To address the division’s concerns about the contribution of the lixisenatide component 
at doses <20 µg to the FCDP efficacy response, the applicant conducted a post-hoc 
analyses of the primary efficacy end-point by final insulin glargine and lixisenatide dose-
categories.  The number of subjects in each dose category and the results of the 
analyses using MMRM within each treatment arm is shown in the tables below. Due to 
the study design, there were very few subjects receiving lixisenatide doses below 10 µg 
in the FCDP group at the end of the studies (57 subjects in EFC 12404 and 3 subjects 
in EFC12405). 
 
The applicant indicates that the results are consistent with the primary analyses and 
suggestive of a contribution from lixisenatide at all doses to the FCDP effect. However 
as indicated in the statistical analyses by Dr. Jiwei He, the confidence intervals for the 
HbA1c change from baseline overlap at the lower insulin glargine dose ranges on 
comparing the FCDP to insulin glargine effect size (EFC12404: 10 to <20U, 20 to<30U 
and 30 to <40U; EFC12405: 20 < 30U) (Table 17 and Table 19). 
 

Table 17: Mean Change in HbA1c (%) from Baseline to Week 30 by Final Insulin 
Dose Category – EFC12404, mITT population 
Final Insulin dose 
category 

FCDP 
(N=468) 

Insulin Glargine 
(N=466) 

N Change from baseline  
to Week 30 
LS Mean (95% CI) 

N Change from baseline to 
Week 30 
LS Mean (95% CI) 

≥ 10 U to < 20 U 57 -1.44(-1.647 to -1.243) 38 -1.29(-1.534 to -1.056) 
≥20 U to < 30 U 76 -1.58 (-1.749 to -1.412) 95 -1.29 (-1.441 to -1.149) 
≥ 30 U to ≤ 40U 126 -1.68 (-1.807 to -1.550) 117 -1.46 (-1.586 to -1.326) 
≥ 40 U to ≤ 60 U 208 -1.50 (-1.596 to -1.396) 209 -1.12 (-1.216 to -1.020) 
Adapted from Table 16.2.6.6.2.1, EFC12404, Appendix16.2.6-efficacy response data, 
eCTD 5.3.5.1 
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Table 18: Mean change in HbA1c (%) from Baseline to Week 30 by Final 
Lixisenatide Dose Category for FCDP group - mITT population, EFC12404 
Final Insulin dose category N Change from baseline to Week 30 

LS Mean (95% CI) 
≥ 5 to < 10 µg 57 -1.44 (-1.642 to -1.236) 
≥10 to < 15 µg 131 -1.63 (-1.760 to -1.505) 
≥ 15 to ≤ 20 µg 275 -1.54 (-1.628 to -1.453) 
Adapted from Table 16.2.6.6.2.6, EFC12404, Appendix16.2.6-efficacy response data, 
eCTD 5.3.5.1 
 
Table 19: Mean Change in HbA1c (%) from Baseline to Week 30 by Final Insulin 
Dose Category – EFC12405, mITT population 
Final Insulin dose 
category 

FCDP 
(N=366) 

Insulin Glargine 
(N=365) 

N Change from baseline  
to Week 30 
LS Mean (95% CI) 

N Change from baseline 
to Week 30 
LS Mean (95% CI) 

≥ 10 U to < 20 U 2  3  
≥20 U to < 30 U 43 -0.81 (-1.056 to -0.568) 39 -0.54 (-0.801 to -0.277) 
≥ 30 U to ≤ 40U 96 -0.81 (-1.296 to -0.959) 87 -0.60 (-0.775 to -0.431) 
≥ 40 U to ≤ 60 U 222 1.17 (-1.272 to -1.060) 235 -0.59 (-0.698 to -0.489) 
Adapted from Table 16.2.6.7.2.1, EFC12405, Appendix16.2.6-efficacy response data, 
eCTD 5.3.5.1 
 

Table 20: Mean change in HbA1c (%) from Baseline to Week 30 by Final 
Lixisenatide Dose Category for FCDP group - mITT population, EFC12405 
Final Insulin dose category N Change from baseline to Week 30 

LS Mean (95% CI) 
≥ 5 to < 10 µg 3  
≥10 to < 15 µg 107 -1.04 (-1.195 to -0.878) 
≥ 15 to ≤ 20 µg 250 -1.13 (-1.235 to -1.034) 
Adapted from Table 16.2.6.7.2.6, EFC12405, Appendix16.2.6-efficacy response data, 
eCTD 5.3.5.1 
 
Reviewer’s Assessment: 
Since dose becomes a post-randomization variable for a titratable product, pre-
randomization assignment to dose-groups is not feasible. The statistical reviewer has 
expressed concerns that final doses are post-randomization variables, therefore 
differences between the FCDP and the insulin glargine alone groups within each final 
insulin dose category no longer represent treatment effect or the contribution of 
lixisenatide to the FCDP response. The contribution of insulin glargine to the effect of 
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the FCDP was more obvious, given that in both studies the mean HbA1c change in 
each final lixisenatide dose category in the FCDP group was much lower than the 
HbA1c change seen in the lixisenatide alone group in EFC12404 (-0.85), where all 
patients were given the maximum dose of 20 µg.  
 
In addition, post-hoc analyses have their limitations and are mainly exploratory or 
hypothesis- generating Therefore uncertainty remains regarding the contribution of 
lixisenatide at lower doses to the FCDP efficacy response. 
 
Though the majority of study subjects achieved doses between 10 μg and 20 μg of 
lixisenatide, this could be an artifact of study design.  Non-metformin anti-diabetic drugs 
were discontinued prior to randomization which could have resulted in a need for higher 
insulin doses.  While it is expected that DPP4 inhibitors, other GLP1 receptor agonists 
and sulfonylureas would be discontinued prior to starting the FCDP, other oral 
antidiabetic drugs e.g. SGLT2 inhibitors may be continued in the clinical practice setting 
and this could result in insulin-sensitive patients being exposed to doses of lixisenatide 
< 10 µg for significant periods of time. 
 
The early adverse events in study EFC12404 provides some information about the 
safety profile of low doses of the FCDP (section 7.4.1), where all subjects randomized 
to the FCDP started at lixisenatide 5 μg.  Based on mean insulin glargine dose 
lixisenatide doses above 10 μg were not achieved on average until week 6.  While use 
of the FCDP tended to result in GLP-1 receptor agonist related treatment emergent 
adverse events (such as nausea and vomiting) less commonly than lixisenatide alone, 
these events occurred more commonly than with insulin glargine alone. This raises 
questions regarding whether there is a benefit to using the FCDP, particularly at the low 
dose range that justify the additional risks of therapy 

6.1.4.2.2 Data from the Lixisenatide Clinical program  
In addition to the post-hoc analyses by dose category for HbA1c change from baseline, 
the applicant indicates that there is evidence of efficacy for lixisenatide at doses 
between 5-20 µg based on the following data from the lixisenatide clinical program.  
 
Effects on Post-prandial Glucose (PPG): 
Postprandial glycemia was assessed in a randomized, double-blind, placebo-controlled, 
dose-escalation study with treatment duration of 28 days in 64 patients with Type 2 DM 
receiving metformin and/or SU treatment (Study ACT6011). This study demonstrated 
that pre-meal lixisenatide doses from 5 to 20 μg Q.D. reduced PPG levels compared to 
placebo.  
 
In a single-dose, placebo-controlled study in healthy subjects (Study PDY12545) 
lixisenatide doses from 2.5 to 20 μg demonstrated a delay of gastric emptying 
(measured by acetaminophen absorption) with concomitant significant reductions in 
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PPG. Following the meal challenge, and corresponding to the reduction in PPG 
excursion, insulin secretion was reduced in a dose-dependent manner for up to 3 hours. 
 
The applicant compared differences in FPG and 2-hour PPG following a standardized 
meal test after 30 weeks of treatment with either the FCDP or insulin glargine in 
EFC12404 and EFC12405 (Table 21).  Mean FPG was similar when comparing the 
respective FCDP and the insulin glargine arms in each study. Postprandial glucose was 
assessed using a standardized liquid meal test.  This was performed in the morning at 
baseline and at week 30 after administration of study drug. Both lixisenatide and the 
FCDP resulted in a decrease in the degree of glucose excursion at week 30 compared 
to baseline. Statistically significant reductions for mean 2-hour PPG were observed for 
the FCDP compared to insulin glargine alone. (LS Mean [95% CI]) were: -42.9 mg/dL (-
50.3 to -35.4) in EFC12404; -60 mg/dL (-70.1 to -50) in EFC12405. The applicant states 
that these effects on 2-hour PPG for the FCDP are considered to be mediated by the 
lixisenatide component and result in the statistically significant greater reduction in 
mean HbA1c when compared to insulin glargine alone. 
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established23.  Elevated postprandial glucose (PPG) concentrations may contribute to 
sub-optimal glycemic control but independent contribution to diabetes complications has 
not been established. The only setting in which PPG monitoring has been shown to 
improve outcomes is gestational diabetes.   
 
 
In the applicant’s pharmacodynamic study (PDY12625), the effects of repeated 
subcutaneous doses of lixisenatide 20 μg once daily (Q.D.) as compared to liraglutide 
1.2 mg Q.D. or 1.8 mg Q.D. on reducing postprandial plasma glucose (assessed as 
area under the plasma glucose-concentration-time curve after a standardized breakfast) 
was assessed at the end of an 8-week treatment in patients with type 2 diabetes 
mellitus (TYPE 2 DM) not adequately controlled with insulin glargine (with or without 
metformin). Lixisenatide demonstrated a greater effect than liraglutide (1.2 and 1.8 mg) 
in reducing PPG AUC0:30−4:30h after a standardized solid breakfast, However, another 
GLP-1 receptor agonist, liraglutide, exhibited a sustained plasma glucose decrease at 
lunch and dinner times (see figure below). In contrast to the PPG effect, even at Day 56 
(less than 12 weeks), mean changes from baseline for HbA1c in the lixisenatide group 
and liraglutide 1.2 and 1.8 mg groups were -0.58% (95% CI: -0.69% to -0.47%), -0.66% 
(95% CI: -0.77% to -0.55%), and -0.74% (95% CI: -0.85% to -0.62%), respectively, 
thereby indicating that magnitude of the PPG effect may not be predictive of the effect 
on HbA1c. 
 

                                            
23 Effect of Nateglinide on the Incidence of Diabetes and Cardiovascular Events. The NAVIGATOR 
Study Group*. N Engl J Med 2010;362:1463-76. 
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Figure 6:Mean (± SE) concentrations for 24-hour plasma glucose profiles 
(mmol/L) on Day -3 and Day 56 – PDY12625 

 
Source: eCTD module 5.3.4.2, CSR for Study PDY12625, Figure 5, page 105.  
 
In summary, the contribution of lixisenatide to the FCDP efficacy response cannot be 
reliably determined based on effects on post-prandial glucose, due to the lack of data 
correlating post-prandial glucose control to long-term reduction of diabetes 
complications and uncertainty of the effect on PPG across the entirety of the day. 
 
Model-based Meta-analyses: 
A longitudinal model-based meta-analyses (MBMA) was performed by the applicant to 
quantify the dose-response relationship of the FCDP of insulin glargine and lixisenatide 
as well as the individual contribution of the components to the combination (Study 
PMH0172). The analysis included all drugs in the GLP-1 class as well as insulin 
glargine and insulin degludec as basal insulins. Analysis datasets were constructed 
from the integrated TYPE 2 DM data in the  database of  

) augmented with the insulin glargine/lixisenatide FCDP studies 
ACT12374, EFC12404, and EFC12405.   The analysis characterized the interaction 
between lixisenatide and insulin glargine as a function of the dose and dose ratio of 
each of the components. In addition, the time course of HbA1c response of GLP1 
analogues to understand the relationship between 3 month response and 6 month 
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response was analyzed. Based on these analyses the applicant concludes there is a 
significant contribution of the individual components to the FCDP over the complete 
dose range.  The evaluation revealed that HbA1c reductions for GLP-1 analogues are 
fairly constant between 12 weeks and 24 weeks of treatment. This conclusion was 
further supported by the evaluation of the correlation of month 3 (12 to 14 weeks) 
versus month 6 (24 to 26 weeks) observed HbA1c change from placebo and control 
(Figure 13, Applicant’s Clinical Pharmacology Summary).  These analyses have not 
been reviewed by the clinical pharmacology reviewers. 
 
Reviewer’s Assessment: 
The Division considers Modelling and simulation analyses as exploratory. In addition the 
findings are inconclusive given the study design issues identified with the pivotal phase 
3 studies that contributed to the analyses (EFC12404, and EFC12405). The HbA1c 
effect at lower doses and durability of the effect is best assessed based on available 
clinical data from the lixisenatide program.  
 
Lixisenatide HbA1c Dose-response:  
The HbA1c effect at week 13 for doses starting at 5 µg was evaluated in study 
DRI6012. This was a 13-week randomized, double-blind, placebo-controlled, dose-
response trial in metformin-treated subjects with Type 2 diabetes. The placebo 
corrected change in HbA1c for doses of lixisenatide ranging from 5µg q.d to 30µg b.i.d 
is shown in the table below 
 
Table 22: Mean change in HbA1c (%) from baseline to endpoint, DRI6012, ITT 
population 
HbA1C 
(%) 

5 μg Q.D. 
(N=55) 

10 μg 
Q.D. 
(N=51) 
 
 

20 μg 
Q.D. 
(N=53) 

30 μg 
Q.D. 
(N=52) 
 

5 μg BID 
(N=51) 
 

10 μg 
BID 
(N=54) 
 

20 μg 
BID 
(N=52) 
 

30 μg 
BID 
(N=53) 

LS Mean 
difference 
(SE) vs. 
Placebo 
95% CI 

-0.28 
(0.097) 
(-0.472 to 
-0.091) 
 

-0.31 
(0.100) 
(-0.508 to 
-0.115) 
 

-0.50 
(0.098) 
(-0.695 to 
-0.310) 
 

-0.57 
(0.099) 
(-0.768 to 
-0.377) 
 

-0.47 
(0.099) 
(-0.661 to 
-0.271) 
 

-0.59 
(0.098) 
(-0.784 to 
-0.401) 
 

-0.57 
(0.099) 
(-0.760 to 
-0.372) 
 

-0.69 
(0.098) 
(-0.878 to 
-0.492) 

Source: Table 11, CSR for DRI6012, eCTD 5.3.5.1 
 
Based on the applicants analyses, the ED50 was estimated to be 11.4 µg (see table 
below), which again adds to the uncertainty about contribution of doses less than 10µg 
to the FCDP effect, although the confidence interval limits are very wide, which limit any 
conclusions from this analyses. 
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Table 23: Lixisenatide - placebo and Q.D. doses levels in ITT population - HbA1c 
change from baseline to Week 13, Study DRI6012. 

 
Source: Table 14, Applicant’s Response to Information Request, March 25, 2016, NDA 
208673 
 
The efficacy response with lixisenatide 20 µg is discussed in the statistical review24 for 
lixisenatide (NDA 208471). Lixisenatide demonstrated superiority to placebo in terms of 
HbA1c change from baseline at the primary efficacy time point in all placebo controlled 
Phase 3 efficacy studies, as monotherapy (12 weeks) or in combination with other 
antidiabetic drugs (24 weeks). In the active-controlled studies vs. exenatide and 
sitagliptin in patients on background metformin therapy, lixisenatide demonstrated non-
inferiority to exenatide, based on a noninferiority margin of 0.4%. However, Lixisenatide 
was statistically significantly worse than exenatide (LS mean for treatment difference 
was 0.18; 95% CI: 0.046, 0.307; p-value =0.0083).No statistically significant difference 
was observed between lixisenatide and sitagliptin (LS mean for treatment difference 
was 0.04%; 95% CI: -0.198, 0.288; p-value =0.717). Therefore, given the modest 
efficacy response at the 20µg dose and the efficacy response observed in DRI6012 for 
lixisenatide 5 and 10 µg q.d. at 13 weeks, it remains uncertain whether doses of 
lixisenatide less than 10µg make a significant contribution to the FCDP efficacy 
response.  

6.1.4.3 Data Supporting Target Population 

The applicant was asked to provide information supporting that the insulin glargine dose 
of 10-60U in the FCDP would meet the requirements of the majority of the target 
population. The applicant has provided analyses utilizing data from the  

to support this claim. The applicant 
concluded that the combination lixisenatide/insulin glargine can meet the insulin 
requirements of over % of patients with type 2 diabetes.  This was reviewed by the 
Drug Utilization Staff2 . They concluded that the methods and databases the applicant 
                                            
24 Statistical review, NDA 208471 by Dr Jiwei He, March 21, 2016, Reference ID 3905355. 
25 Drug Utilization review by Dr. Justin Mathew, PharmD, DEPII, April 27, 2016, DARRTs ID 3922908 
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used for the estimates have limitations. The applicant used three disparate data sources 
that were not linked to the same patient populations. Assumptions were made to link the 
findings from one database to the other. The  data from the applicant 
calculated the insulin dose based on 30 day supply of what was dispensed, not when 
the patient actually refilled the prescription. The reviewer indicates that dosing 
information on insulin based solely on claims data are insufficient to determine if the 10-
60U dose range of insulin glargine in the FCDP can meet the higher daily dose of 
insulin for many type 2 diabetic patients. 
 
Reviewer Assessment: 
Although both insulin naïve and patients on prior insulin therapy were studied, it is 
difficult to identify a target population that would clearly benefit from this therapy.  
 
Patients naïve to insulin or GLP-1: 
Since the benefit to patients of initiating multiple therapeutic agents at once vs. 
sequential addition is unknown (see section 2.6), it seems difficult to justify 
recommending the FCDP as a treatment option in insulin or GLP1 naïve patients vs 
sequential addition of basal insulin or GLP1.  
 
These patients may only require a single agent for glycemic control and would then be 
subject to additional risks from the second agent. In addition the treatment difference 
between the FCDP and insulin glargine, although statistically significant, was only 0.3% 
in study EFC12404, and limitations that affect interpretability of the results were 
discussed.  
 
Further, these patients are more likely to be insulin sensitive, thereby requiring lower 
doses of insulin, and would therefore be subject to lower doses of lixisenatide with 
questionable contribution to efficacy, but exposed to additional safety risks.  This is 
more likely if they continue their prior OADs like SGLT2 inhibitors or TZDs, which is 
possible in clinical practice. 
 
Patients on prior basal insulin or GLP-1: 
 
The FCDP had not been studied in patients on prior GLP-1 therapy and has not been 
compared in a study in comparison to separate administration of insulin glargine and 
lixisenatide at maximally effective doses. 
 
The FCDP may be considered as a more convenient alternative initially in patients on 
basal insulin who require a prandial insulin, or patients on GLP1 receptor agonist who 
require basal insulin, but again there are several issues to consider due to loss of 
dosing flexibility since the dosing of insulin and lixisenatide are linked and the insulin 
glargine dose is capped at 60U (also see Section 7.3.5.2): 
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• In patients already on a GLP-1 agonist or basal insulin, this leads to a decrease 
in the dose of the previous component based on the proposed dose initiation 
algorithm. Additionally, when transitioning from Pen A to Pen B, there is a 
decrease in the lixisenatide component. Therefore a patient previously on a dose 
of a GLP-1 receptor agonist with proven efficacy (e.g. lixisenatide 20 µg q.d., 
liraglutide 1.2 mg or 1.8 mg q.d. or dulaglutide 0.75 mg q.d.) would be reduced to 
a dose of lixisenatide 5 µg q.d.. A patient on previous dose of insulin glargine 
>50U daily would receive 30U of insulin glargine if switched to the FCDP since 
the lixisenatide dose has to be titrated for tolerability. This could lead to 
hyperglycemia during the initiation phase 

• Providers and patients may try to overcome this loss of dosing flexibility by 
adding a second GLP-1 agonist or by using the FCDP like a titratable product 
(i.e. insulin glargine) with no upper dose limit, including off-label twice daily use. 
This could lead to medication errors from overdosing on the GLP-1 component 

• This is in contrast to the alternative options of lixisenatide and basal insulin 
glargine as separate injections or using a once weekly GLP-1 receptor agonist 
with basal insulin to offer the convenience of fewer injections to the patient while 
still allowing for unrestricted titration of the insulin. 
 

Given the maximum insulin glargine dose of 60U, this product cannot be indicated for 
patients requiring large doses of basal insulin and based on available information, the 
percentage of patients with Type 2 DM who fall in this category is unknown. 

6.1.5 Analysis of Secondary Endpoints(s) 

The proportions of patients reaching HbA1c targets and changes in weight in both 
pivotal studies are shown in the tables below. A larger proportion of subjects in the 
FCDP arm met HbA1c targets.   
 
In study EFC12404, lixisenatide treated subjects had a mean reduction in body weight 
of 2.3 kg.  The insulin glargine group had an increase of 1.1 kg, and the FCDP group 
was essentially unchanged. 
 
In study EFC12405, weight was relatively unchanged in both groups.  There was an 
increase of 0.7 kg in the insulin glargine group and a decrease of 0.7 kg in the FCDP 
group. 
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Table 24: Number (%) of Patients reaching HbA1c <7% or <=6.5% at Week 30 - 
mITT population 
HbA1c (%) FCDP  Insulin Glargine Lixisenatide 
EFC12404 
 468 466 233 
≤6.5 % 
 

261 (55.8%) 184 (39.5%) 45 (19.3%) 

<7 % 345 (73.7%) 277 (59.4%) 77 (33.0%) 
EFC12405 
Number (N) 366 365 - 
≤6.5 % 
 

124 (33.9%) 52 (14.2%) - 

<7 % 201 (54.9%) 108 (29.6%)  
Source Table 18, CSR for EFC12404 and Table 19, CSR for 12405, eCTD 5.3.5.1 
 

Table 25: Mean change in body weight (kg) from baseline to Week 30 using 
MMRM - mITT population 
Body weight change 
(kg) 

FCDP Insulin Glargine Lixisenatide 

EFC12404 
Number (N) 468 466 233 
Change from 
baseline to Week 30 
LS Mean (SE) 

   
-0.29 (0.182) 1.11 (0.183) -2.30 (0.256) 

EFC12405 
Number (N) 366 365 - 
Change from 
baseline to Week 30 
LS Mean (SE) 

-0.67 (0.181) 0.70 (0.178) - 

Adapted from Tables 16.2.6.2.42, EFC12404 and EFC12405, Appendix16.2.6-efficacy 
response data, eCTD 5.3.5.1 
 
Reviewer’s Assessment: 
While we recognize that weight effects are an important consideration for patients and 
prescribers when selecting therapies, we do not know if the weight findings from these 
studies are clinically meaningful. One reason is that the overall change in weight is 
small. The treatment difference between IGlarLixi and insulin glargine was less than 2 
kg or 1.5%.  Whether this small difference has a meaningful impact on patients in terms 
of improving clinical outcomes or in terms of quality of life is unclear.  These studies 
were not designed to address these questions. Additionally, the weight observation is 
for a relatively short period of time.  For context, studies to assess drugs intended for 
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weight management typically look at the effect after 52 weeks26.  Whether these small 
changes would persist over time is unknown 
.  
The limitations of the study design and the cap on the insulin glargine dose affect 
interpretation of the categorical HbA1c analyses 

6.1.6 Other Endpoints 

NA 
 

6.1.7 Subpopulations 

Sub-group analyses were conducted by the applicant and the statistical reviewer for age 
(<65, ≥65), sex, race, ethnicity and region27.  
The differences between the FCDP and insulin glargine for various subgroups was not 
significantly different.  In Study EFC12404, the differences in treatment effect of FCDP 
versus lixisenatide between US and non-US subjects, subjects with baseline HbA1c 
<8.0% and ≥ 8.0% and baseline BMI <30 and ≥30 was statistically significant at alpha = 
0.10 (p-value = 0.01). These results should be viewed with caution due to lack of 
adjustment for multiplicity.  
 

6.1.7.1 Efficacy results in Patients who used Pen B 

The applicant submitted additional post-hoc analyses to support the revised proposal of 
use of Pen B only at the 15-60U dose range. Patients in study EFC12404 all initiated 
the FCDP at a dose of 10U from Pen A. There were 146 patients in study EFC12405 
who used Pen B only. The post –hoc analyses of efficacy in this sub-group is shown in 
the table below. An MMRM analysis that included all scheduled measurements obtained 
during the study, including those obtained after IMP discontinuation or introduction of 
rescue therapy was used.  The results were consistent with the primary efficacy 
analyses for the entire study population. 
 
Reviewer’s Assessment: 
There are limitations due to the post-hoc nature of the analyses and the use of Pen B 
was a post-randomization variable. Nevertheless, these data support use of Pen B for 
patients on prior basal insulin therapy.  
 

                                            
26 FDA Guidance for Industry, Developing Products for Weight Management, Draft Guidance, February 
2007. 
27 Statistical review, NDA208673 by Dr. Jiwei He dated July 21, 2016, pages 22-24, DARRTs ID 
3962231 
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The proposed dose range (15-60U of the FCDP) has not been evaluated in a clinical 
trial. Only two patients in study EFC12405 were at a dose of 10-20U of the FCDP at the 
end of the study. 43 patients were at doses of 20-30U, which would correspond to 
doses of ~7-10 µg of lixisenatide at the end of the study if Pen B was used (and pen A 
was not available). While this could imply that potentially more patients would remain at 
doses of lixisenatide less than 10 µg if pen B alone was available, the majority of 
patients in the study were titrated to doses of insulin over 40U and this can be expected 
over time in real-world use. 
Table 26: Efficacy Response in Pen-B Sub-group,  Study EFC12405 
Efficacy response FCDP 

(N=146) 
Insulin Glargine 
(N=365) 

HbA1c (%) 
Change from baseline to 
week 30 

  

LS Mean (SE) -1.14 (0.082)  -0.61 (0.060)  
95% CI (-1.301 to -0.979)  (-0.732 to -0.496)  
Difference (LS Mean[SE}) -0.53 (0.080)   
95%CI, p-value (-0.684 to -0.369),  

<0.0001  
 

Number (%) of Patients with HbA1c <7% at week 30 
Proportion difference (95% 
CI) vs. insulin glargine 

23.69% (14.77% to 
32.61%)  
 

 

 

Mean change in body weight  (kg) 
Difference vs. insulin 
glargine (95% CI) 

-1.10 (0.287)  
(-1.669 to -0.541)  

 

Source: Adapted from tables 4, 5 and 6, Applicant’s Efficacy response dated August 11, 
2016. 
 
  

6.1.8 Analysis of Clinical Information Relevant to Dosing Recommendations 

Discussed in section 6.1.4.2 

6.1.9 Discussion of Persistence of Efficacy and/or Tolerance Effects 

NA since the studies were only of 26 week duration 

6.1.10 Additional Efficacy Issues/Analyses 

NA 

Reference ID: 3992175



Clinical Review 
{Suchitra Balakrishnan, MD, PhD}  
{NDA 208673} 
{Insulin glargine/Lixisenatide fixed-ratio combination, Soliqua 100/33} 
 

76 

7 Review of Safety 
Safety Summary 
The development program for the FCDP was limited and included one phase 2 proof-of 
concept study and two phase 3 studies with around 462 patient years of exposure for 
the FCDP. The safety database is further limited by the short duration of the studies (26 
weeks). Therefore this database is primarily useful for analysis of common adverse 
events.  The database was not adequate to consider rarer events such as serious 
hypersensitivity reactions or pancreatitis.  Inferences about safety concerns related to 
these issues has to be based on the lixisenatide clinical program (NDA 208471). Some 
data on concurrent use of Insulin glargine and lixisenatide 20 mcg is available from the 
lixisenatide clinical program (NDA208471). 
 
Safety concerns for insulin glargine include hypoglycemia and weight gain. Safety 
concerns for the GLP-1 class include gastrointestinal adverse events, pancreatitis, C-
cell proliferation, acute renal failure secondary to dehydration and increases in heart 
rate. Adverse events common to both products include Immunogenicity and injection 
site reactions. The FCDP is expected to carry both sets of risks. GLP-1 related common 
AEs (gastrointestinal events) were clearly more frequent with the FCDP compared to 
insulin glargine, but less frequent compared to lixisenatide. This may be because 
gastrointestinal AEs are dose dependent and the majority of patients on the FCDP were 
on doses of lixisenatide between 10-20 µg.  
 
The occurrence of hypoglycemic episodes with the FCDP was comparable to insulin 
glargine and more frequent compared to lixisenatide in study EFC12404. These 
comparisons are limited by lack of long-term data. Severe hypoglycemia was more 
frequent with the FCDP compared to insulin glargine in subjects with prior basal insulin 
therapy (1.3% vs. 0.2%). In the 76-week add-on to basal insulin study of the lixisenatide 
clinical program (NDA 208471), severe hypoglycemia was more frequent with 
lixisenatide compared to the placebo arm (2.1% vs. 0.6%).  The increased risk for 
hypoglycemia is consistent with the class effect for GLP1 agonists when combined with 
insulin. 
 
Potential for Medication Errors: 
There are concerns about whether patients and providers would be able to 
prescribe/dispense/dose/use the product correctly, since the FCDP has two active 
ingredients that are administered in two different proportions with two pens. 
 
The FCDP combines two active ingredients with different terms of measure; units for 
insulin glargine and micrograms for lixisenatide. Designating the dosing in terms of 
“units” only references the insulin component (insulin glargine) and does not 
communicate the presence of the GLP-1 component.  This could lead to confusion and 
medication errors in the clinical care setting. This is specifically concerning during 
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transition of care to other providers caring for the patient- Emergency Room, surgical 
care, Nursing homes etc. 
 
The loss of dosing flexibility due to the product presentation results in increased 
potential for medication errors from overdosing.  It is not possible to adjust the dose of 
one ingredient without also adjusting the dose of the other one. In addition the insulin 
glargine dose is capped at 60U. In patients already on a GLP-1 receptor agonist or 
basal insulin, this leads to a decrease in the dose of the previous component.  
Additionally, when transitioning from Pen A to Pen B, there is a decrease in the 
lixisenatide component. Further, the insulin dose is capped at 60U. Providers and 
patients may try to overcome this loss of dosing flexibility by adding a second GLP-1 
agonist or by using the FCDP like a titratable product (i.e. insulin glargine) with no upper 
dose limit, including off-label twice daily use. This could lead to medication errors from 
overdosing on the GLP-1 component. This is in contrast to using a once weekly GLP-1 
receptor agonist with basal insulin which would offer the convenience of fewer injections 
while still allowing for unrestricted titration of the insulin while receiving the GLP-1 
component at an effective dose. 
 
The proposal to use two pen injectors that deliver two different dose ranges of insulin 
with some overlap (30-40U) also raises the potential for confusion.  Whether patients 
and prescribers will consistently recognize the differences between the two pen 
injectors and when to use each one is unclear. The  modifiers for the 
pens is a potential source of medication error. Misinterpretation of the modifier as a ratio 
or patient specific insulin dose range is possible. The availability of two pens may be 
associated with risk that may not be adequately mitigated through proprietary names 
and product labeling. 
 
In response to the Agency’s concerns, the applicant has now proposed a single pen 
presentation of the FCDP (insulin 100U/ml; lixisenatide 33 µg/ml) at a recommended 
dose range of 15-60U. A single pen presentation reduces the potential for confusion 
and medication errors from the modifiers. Potentially, re- injection or off-label twice daily 
use resulting in overdosing of the GLP-1 component is still possible, especially in 
patients who were previously on or eventually require larger doses of insulin, but this 
can be addressed in the label and IFU. Hyperglycemia may still occur in the FCDP 
initiation phase e.g. in a patient who was on 55U insulin glargine who gets initiated at 
the FCDP dose of 30U/10 µg if not adequately monitored and up-titrated, but this can be 
addressed by appropriate labeling. 
 
 

7.1 Methods 

Key Safety and Tolerability Assessments conducted by the Applicant: 
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• Routine subject safety assessments included adverse events (AEs), serious 
adverse events (SAEs), dropouts, hypoglycemic events, and physical 
examinations. 

• Routine monitoring included evaluation of clinical laboratory evaluations 
(hematology, chemistry [including renal function], amylase, lipase, liver enzymes 
and calcitonin values) 12-lead electrocardiograms (ECGs), and vital signs (blood 
pressure and pulse rate) measurements. 

• In addition, assays to determine treatment-emergent anti- insulin and anti-
lixisenatide antibodies (ADA) status (positive/negative) and concentrations/titers 
were implemented in the phase 2/3 program. 

• Safety assessments of special interest in the lixisenatide program include: CV 
events, thyroid cancer events, pancreatitis and pancreatic cancer, 
hypersensitivity reactions and immunogenicity, renal events, and hepatic events. 
Details on how these events of special interest were defined, captured and 
adjudicated can be found in the safety section dedicated to each particular event 

 
The integrated summary and analyses of AEs were mostly descriptive. Categorical 
variables were summarized using frequency and percentage. Continuous variables 
were summarized with distributional information. No multiplicity adjustment was made 
for inferential safety analyses.  
 
Reviewer’s Assessments: 
The sponsor’s methods for safety monitoring, capture and assessment of events seems 
adequate. The short duration of the studies conducted with the FCDP (26 weeks) limit 
the safety conclusions. 
 
My strategy was to primarily review the Summary of Clinical Safety provided by the 
Applicant followed by review of the individual study and patient data as appropriate.. 
Individual patient narratives for SAEs and Adverse events of Special Interest are 
summarized in appropriate sections of the review. The Applicant’s summary analyses 
for treatment-emergent adverse events were verified using J-review, JMP and/or 
MedDRA based Adverse Events Diagnostics (MAED) software. Additional analyses 
were conducted using the same software if needed. 
 

7.1.1 Studies/Clinical Trials Used to Evaluate Safety 

Refer to Sections 5.1 and 7.1.3 for clinical trials used to evaluate Safety.  
In addition, Comparisons were made to the pooled data from the 3 completed placebo-
controlled studies with basal insulin as background therapy in the lixisenatide 
development program (NDA 208471) as appropriate. 
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7.1.2 Categorization of Adverse Events 

Several successive versions of MedDRA were used for the individual clinical study 
reports (CSRs).All AEs in the integrated databases have been coded according to 
Medical Dictionary for Regulatory Activities (MedDRA) version 18.0. Standardized 
MedDRA queries (SMQs) and customized adverse event searches were performed to 
address special safety topics. 
 
A treatment-emergent adverse event (TEAE) in the Phase 2/3 studies was defined as 
an AE that developed or worsened during the main or entire treatment periods. If the 
treatment status for an AE was unclear, it was considered to be treatment-emergent. 
 

A serious adverse event (SAE) was defined as any AE that results in one of the 
following outcomes: 

• Death 
• A life-threatening experience (that is, immediate risk of dying) 
• Initial or prolongation of inpatient hospitalization 
• Persistent or significant disability/incapacity 
• Congenital anomaly/birth defect 
• Any AE considered a medically important event by the investigator for any other 

reason. Important medical events that did not result in death, were not life-
threatening, or did not require hospitalization may be considered serious adverse 
drug events when, based upon appropriate medical judgment, they may 
jeopardize the patient or subject and may require medical or surgical intervention 
to prevent one of the outcomes listed in this definition. 

 
Adverse events of Interest were: 

• Thyroid Neoplasms (particularly medullary thyroid cancer) 
• Acute Pancreatitis 
• Hypersensitivity and/or Immunogenicity 
• Renal events 
• Hypoglycemia 
• Hepatic events 
• Cardiovascular Events 
• Gastrointestinal events 
• Pen-related events 

 
The Applicant’s definitions and assessments for AEs of special interest will be described 
in more detail in the relevant sections. Overall the process for categorization of adverse 
events appeared acceptable. 
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7.1.3 Pooling of Data Across Studies/Clinical Trials to Estimate and Compare 
Incidence 

All safety analyses from the Phase 2/3 integrated safety database are for the Safety 
Population. This population was defined as all patients who were randomized and 
exposed to at least 1 dose of the investigative medical product (IMP), regardless of the 
amount of IMP administered. 
 
The on-treatment period for most analyses was defined as the time from the first dose 
of open-label IMP up to 3 days (1 day for symptomatic hypoglycemia) after the last dose 
of IMP, regardless of initiation of rescue therapy. The on-treatment period for antibody 
analyses was defined as the time of the first dose of IMP until 28 days (inclusive) after 
the last dose of IMP. This seems acceptable, given the pharmacokinetic profiles of 
insulin glargine and lixisenatide.  
 
For the analyses of the Phase 2/3 integrated database, 2 pooled data presentations 
were defined for the comparison of the FCDP with insulin glargine alone: the Phase 3 
controlled study pool and the Phase 2/3 controlled study pool. 
 
The safety analyses of the FCDP compared with lixisenatide alone were based on the 
results of Study EFC12404 and, if appropriate, on the existing data for AEs of specific 
interest from pooled analysis of lixisenatide presented in the lixisenatide safety 
database (NDA 208471) 
 
At the request of the Agency, the applicant has included an evaluation of key safety 
data from completed placebo-controlled studies under the lixisenatide program, where 
basal insulin was used as background therapy. There are 3 Phase 3 lixisenatide 
placebo-controlled studies with basal insulin background that were completed by the 
primary data cut-off date: EFC6016, EFC10887, and EFC10781.  Of these EFC6016 
was over 76 weeks in duration and the other 2 studies were of 24 weeks duration. 
Comparisons to this pool are specifically relevant for analyses of dose-dependent AEs, 
including tolerability (GI) and hypoglycemia, since patients treated with the FCDP were 
exposed to doses of lixisenatide less than 20 µg. In addition, given the short duration of 
studies in the FCDP clinical program, limited conclusions can be made about safety.  
The lixisenatide database and specifically study EFC6016 (which was over 76 weeks in 
duration), will primarily inform long term safety of the FCDP combination. 
 
The applicant was also asked to conduct a safety analysis of the sub-group of patients 
in the CV outcome study (ELIXA, EFC11319) on background basal insulin therapy 
(lixisenatide [n]=835, placebo [n]=843). These data were reviewed for any new safety 
signals with concomitant use of lixisenatide and insulin compared to the other safety 
pools. Findings are presented when relevant. 
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7.2 Adequacy of Safety Assessments 

 

7.2.1 Overall Exposure at Appropriate Doses/Durations and Demographics of 
Target Populations 

As already mentioned in sections 5.3.2 Pivotal Phase 3 Studies (EFC12404 and 
EFC12405): and 6.1.4.2.1 Post-hoc Analyses of Primary Endpoint by Dose-category , 
the majority of patients were receiving in both pivotal studies ≥10 to ≤20 μg of 
lixisenatide at the end of the treatment period. The phase 3 lixisenatide program 
evaluated a maintenance dose of 20 µg q.d.. The duration of the FCDP studies was 
only up to 30 weeks.  From a safety perspective, the three Phase 3 lixisenatide placebo-
controlled studies with basal insulin background therapy (EFC6016, EFC10887, and 
EFC10781) and other studies in the lixisenatide NDA submission will primarily inform 
the long-term safety of the FCDP combination, as already discussed in the previous 
section. 
 
In the Phase 2/3 study pool (studies ACT12374, EFC12404, and EFC12405), 992 
patients each were exposed to the FCDP and insulin glargine (see table below). The 
cumulative exposure was 533.6 and 542.5 patient-years respectively. Median duration 
of exposure was similar in the FCDP and insulin glargine treatment groups (211 and 
210 days, respectively). 92.9% of patients treated with the FCDP and 95.6% of patients 
treated with insulin glargine completed the treatment period. In study EFC 12404 233 
patients were exposed to lixisenatide with a cumulative exposure of 124.6 patient- 
years. 
 
Table 27: Overall Exposure to the FCDP and insulin glargine in the FCDP Phase 
2/3 Studies-Safety Population 
Cumulative duration of 
study treatment by category 
[n (%)] 

FCDP 
(N=995) 

Insulin Glargine 
(N=994) 

≥  1 day  992 (99.7%) 992 (99.8%) 
≥  29 days  977 (98.2%) 979 (98.5%) 
≥  85 days  956 (96.1%) 975 (98.1%) 
≥  127 days  938 (94.3%) 967 (97.3%) 
≥  169 days  905 (91.0%) 920 (92.6%) 
Source: Adapted from Table 12, Summary of Clinical Safety, eCTD 2.7.4 
 
In the lixisenatide integrated safety database of patients on background insulin therapy, 
705 patients were exposed to lixisenatide and 547 patients were exposed to placebo. 
This included the patients who were exposed to ≥ 533 days of lixisenatide treatment in 
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study EFC 6016. This study had a 2:1 randomization for lixisenatide to placebo and 
accounts for the larger exposure to lixisenatide after 24 weeks in this pool. 
 
Table 28: Overall Exposures in patients on Background Insulin Therapy- 
Lixisenatide Clinical Program 
Cumulative duration of study 
treatment by category [n (%)]  
 

Separate injections  
of Lixisenatide and Basal 
insulin  
(N=705)  

Placebo +  
Basal insulin  
(N=547)  

≥ 1 day  
 

705 (100%)   
 

547 (100%) 
≥ 29 days (4 weeks)    

 

665 (94.3%) 532 (97.3%) 
≥ 85 days (12 weeks)  

 

630 (89.4%)  
 

514 (94.0%)  
 

≥ 127 days (18 weeks)    
 

615 (87.2%) 506 (92.5%) 
≥ 169 days (24 weeks)    

 

516 (73.2%) 406 (74.2%) 
≥ 211 days (30 weeks)    
 

 

263 (37.3%) 139 (25.4%) 

≥ 365 days (52 weeks)    
 

246 (34.9%) 135 (24.7%) 
≥ 533 days (76 weeks)    

 

207 (29.4%) 107 (19.6%) 
Source: Table 1, Applicant’s response to information request, March 6, 2016. 
 
 
Patient demographics are discussed in 6.1.2 Demographics 

7.2.2 Explorations for Dose Response 

I have explored dose-dependency of AEs when feasible, by comparing the FCDP pool 
to the phase 3-placebo controlled background insulin pool (where patients received 
20µg lixisenatide along with insulin). Limitations include the short duration of the FCDP 
studies.  Therefore main events explored will be common AEs that are expected to be 
dose-dependent. This will be discussed in the individual sections. 
 

7.2.3 Special Animal and/or In Vitro Testing 

Refer to non-clinical review by Dr. Eshete dated July 19, 2016. 
The applicant conducted a series of in vitro studies to evaluate possible interactions of 
combination treatment with insulin glargine and lixisenatide at the cellular level. The 
effects of the insulin glargine/lixisenatide combination were compared with the effects of 
both individual components at the level of their specific receptor, on receptor 
downstream signaling, cell apoptosis and proliferation in vitro. The applicant indicates 
that no interaction was seen and the effects of both compounds on their specific 
individual pathways remained unaltered.  
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7.2.4 Routine Clinical Testing 

Overall, clinical assessments including prospective evaluations for adverse events of 
special interest seemed adequate. Details are discussed in section 7.1 Methods 

7.2.5 Metabolic, Clearance, and Interaction Workup 

NA 

7.2.6 Evaluation for Potential Adverse Events for Similar Drugs in Drug Class 

Safety issues identified with all approved incretin based therapies (GLP-1 agonists and 
DPP4 inhibitors) include: 

• Acute pancreatitis, including hemorrhagic or necrotizing pancreatitis. 
• Serious hypersensitivity reactions including anaphylaxis, angioedema and 

exfoliative skin conditions like Steven-Johnson Syndrome. 
• Hypoglycemia when used in combination with an insulin secretagogue (e.g. 

sulfonylurea) or insulin 
 
In addition, the long-acting GLP-1 agonists (exenatide LAR, liraglutide, dulaglutide and 
albiglutide) carry a box warning for the risk of thyroid C-cell tumors, contraindicating use 
in patients with personal or family history of medullary thyroid carcinoma (MTC) or in 
patients with Multiple Endocrine Neoplasia syndrome type 2 (MEN2). 
 
All of the approved GLP-1 agonists and sitagliptin carry a Warning and Precautions 
statement about post-marketing reports of acute renal failure, sometimes requiring 
dialysis. 
 
Serious injection site nodules/abscesses requiring surgery have been reported with 
exenatide LAR. 
 
Safety issues identified with all approved long, intermediate and rapid-acting insulins 
include: 

• Hypoglycemia that can impair concentration ability and reaction time. Severe 
hypoglycemia can cause seizures, may be life-threatening or cause death. 

• Life-threatening, hypersensitivity reactions, including anaphylaxis 
• Medication errors due to inadvertent administration of the wrong dose or 

accidental mix-ups among insulin products, particularly between long-acting 
insulins and rapid acting insulins 

• Hypokalemia due to a shift in potassium from the extracellular to intracellular 
space. Untreated hypokalemia may cause respiratory paralysis, ventricular 
arrhythmia, and death 
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• Fluid retention when used in combination with thiazolidinediones (TZDs) which 
may lead to or exacerbate heart failure.  
All of these events are discussed under section 7.3.5 Submission Specific 
Primary Safety Concerns 

 

7.3 Major Safety Results 

 

7.3.1 Deaths 

A total of 10 deaths (FCDP-3, insulin glargine-6, lixisenatide-1) were reported in the 2 
Phase 3 studies (EFC12404 and EFC12405); no deaths were reported in Phase 2 
Study ACT12374.  No deaths were reported in the phase 1 studies. 
 
A brief summary of the deaths in the FCDP arm were as follows: 

• Patient 012404-840-041-020, a 72-year-old male patient), with a history of heart 
disease, including congestive heart failure (CHF) died on study Day 22 at home , 
reportedly due to natural causes/CHF exacerbation for which no treatment was 
given.  

• Patient 012404-203-006-003, a 64-year-old male developed respiratory failure  
and septic shock secondary to metastatic lung cancer on day 61 and died on Day 
74 due to respiratory failure, asystole and metastatic lung cancer. Lung cancer 
was diagnosed in Day 61 

• Patient 012405-840-519-010, a 73-year-old male, died of severe pneumonia. The 
pneumonia was diagnosed on Day 122 and the patient died 23 days later 

 
One patient died in the lixisenatide arm: 

• Patient 012404-804-010-011, a 63-year-old female patient was reported to be 
found dead on her bed due to unknown reasons on Study Day 209 

 
The deaths in the insulin glargine arm were due to the following reasons:  

• 012404-380-001-016- acute myocardial infarction/acute pulmonary edema, 
• 012404-643-012-003- cardiac failure acute 
• 012404-642-008-004- squamous cell carcinoma of the oral cavity; post-treatment 

death,  
• 012404-752-001-001- gastrointestinal hemorrhage/pancreatic cancer,  

012405-703-504-004- cardiopulmonary failure, 
• 012405-840-550-018- possible gallbladder cancer. 

 
Reviewers Conclusion about Deaths: 
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There was no apparent imbalance in death due to cardiovascular or non-cardiovascular 
causes for the FCDP in comparison to insulin glargine or lixisenatide.  Conclusions are 
limited due to the short duration of the studies and the relatively small sample size.  

7.3.2 Nonfatal Serious Adverse Events 

SAEs were balanced between treatment arms in the FCDP studies.  The following 
Serious adverse events were noted in the phase 2/3 safety pool (in two or more patients 
in any arm) in comparison to insulin glargine. SAEs which are covered under AESI’s will 
be discussed in 7.3.4 Significant Adverse Events and 7.3.5 Submission Specific 
Primary Safety Concerns. 
Table 29: SAEs in Two or More Patients in any Arm of the Phase 2/3 Studies, 
Safety Population  

Preferred Term n (%) 
FCDP 
(N=995) 

Insulin Glargine 
(N=994) 

Lixisenatide 
(N=233) 

Total  47 (4.7%) 43 (4.3%)     9 ( 3.9%) 
Angina unstable     3 ( 0.30%)     0 ( 0.00%)     0 ( 0.00%) 
Acute myocardial infarction     2 ( 0.20%)     1 ( 0.10%)     0 ( 0.00%) 
Cholecystitis chronic     2 ( 0.20%)     0 ( 0.00%)     0 ( 0.00%) 
Hypoglycemia     2 ( 0.20%)     1 ( 0.10%)     0 ( 0.00%) 
Hypoglycemic 
unconsciousness     2 ( 0.20%)     0 ( 0.00%)     0 ( 0.00%) 
Urinary tract infection     2 ( 0.20%)     1 ( 0.10%)     0 ( 0.00%) 
Cardiac failure congestive     1 ( 0.10%)     2 ( 0.20%)     0 ( 0.00%) 
Hypertension     1 ( 0.10%)     2 ( 0.20%)     0 ( 0.00%) 
Pneumonia     1 ( 0.10%)     2 ( 0.20%)     0 ( 0.00%) 
Non-cardiac chest pain     0 ( 0.00%)     3 ( 0.30%)     0 ( 0.00%) 
Generated by reviewer using J-review, data source adae.xpt 
 
In study EFC12404 18 (3.84%) SAEs were noted in the FCDP arm in comparison to 19 
(4.1%) in the insulin glargine arm and 9 (3.9%) in the lixisenatide arm. No significant 
imbalances of concern were noted for individual events 
 
Reviewer’s Conclusion about SAEs: 
There was no apparent imbalance in SAEs in the FCDP studies in comparison to insulin 
glargine or lixisenatide. The events were not unexpected for the patient population. 
Conclusions are limited due to the short duration of the studies and the relatively small 
sample size. 
 
 

7.3.3 Dropouts and/or Discontinuations 

The FCDP phase 2/3 pool was used to compare the FCDP to insulin glargine since all 
these studies had both arms. EFC12404 alone was used to compare the FCDP to 
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lixisenatide, since a lixisenatide (20 µg) arm was included only in this study. In the 
FCDP phase 2/3 safety pool the following discontinuations due to AEs were noted more 
frequently with the FCDP compared to insulin glargine (Table 29). Notably, AEs related 
to the GLP1 component (nausea, vomiting, dizziness) led to more discontinuations in 
the FCDP arm compared to insulin glargine (2.8% vs. 1.2%). 
 
Table 30: Discontinuations due to AEs, FCDP vs Insulin glargine, Phase 2/3 FCDP 
studies pool, Safety Population 

 Preferred Term 
FCDP 
N=995 

Insulin Glargine 
N=994 

Total events (n) n= 28 (2.8%) n= 12 (1.2%) 
Nausea     8 ( 0.80%)     0 ( 0.00%) 
Vomiting     3 ( 0.30%)     0 ( 0.00%) 
Urticaria     3 ( 0.30%)     0 ( 0.00%) 
Dizziness     2 ( 0.20%)     0 ( 0.00%) 
Diarrhea     1 ( 0.10%)     0 ( 0.00%) 
Confusional state     1 ( 0.10%)     0 ( 0.00%) 
Cardiac failure congestive     1 ( 0.10%)     0 ( 0.00%) 
Headache     1 ( 0.10%)     1 ( 0.10%) 
Hypersensitivity     1 ( 0.10%)     0 ( 0.00%) 
Benign gastric neoplasm     1 ( 0.10%)     0 ( 0.00%) 
Insomnia     1 ( 0.10%)     0 ( 0.00%) 
Lung cancer metastatic     1 ( 0.10%)     0 ( 0.00%) 
Back pain     1 ( 0.10%)     0 ( 0.00%) 
Ovarian cancer     1 ( 0.10%)     0 ( 0.00%) 
Pneumonia     1 ( 0.10%)     0 ( 0.00%) 
Skin burning sensation     1 ( 0.10%)     0 ( 0.00%) 
Urinary tract infection     1 ( 0.10%)     0 ( 0.00%) 
Hypoglycemic unconsciousness     1 ( 0.10%)     0 ( 0.00%) 
Angina unstable     1 ( 0.10%)     0 ( 0.00%) 
Weight increased     1 ( 0.10%)     0 ( 0.00%) 
(AEs more frequent with the FCDP are shown) 
Generated by reviewer using J-review, data source adae.xpt 
 
In study EFC12404, discontinuations due to AEs were noted more frequently with 
lixisenatide compared to the FCDP. Most of these events were GLP-1 related effects. 
Events seen in 2 or more patients are shown below. Numerically less discontinuations 
occurred in the insulin glargine arm (n=9, 1.9%) compared to the FCDP in this study. 
Except for one event each of rash and drug hypersensitivity, none of the other events 
were related to known adverse effects of insulin.   
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Table 31: Discontinuations due to AEs in 2 or more Patients, FCDP vs 
Lixisenatide, EFC 12404, Safety Population 

 Preferred Term 
Lixisenatide 
N=233 

FCDP 
N=469 

Total events (n) n=21 (9.0%) n=12 (2.6%) 
Nausea     6 ( 2.58%)     2 ( 0.43%) 
Vomiting     4 ( 1.72%)     2 ( 0.43%) 
Diarrhea     2 ( 0.86%)     1 ( 0.21%) 
 (AEs more frequent with lixisenatide are shown) 
Generated by reviewer using J-review, data source adae.xpt 
 
The applicant’s K-M plot for discontinuations due to these events is shown below. Most 
of the discontinuations due to lixisenatide occurred within the first 4-6 weeks. In contrast 
to the FCDP, lixisenatide was started at a 10µg dose and uptitrated to 20µg in 2 weeks. 
For the FCDP group it was started at 5 µg and the mean dose reached 10µg only after 
6 weeks. 
 
 
Figure 7: Kaplan-Meier Plot of Time to Treatment Discontinuation due to Nausea 
and Vomiting (PT) between the FCDP group and the lixisenatide group in Study 
EFC12404 – Safety population 
 Nausea       Vomiting 

  
Source: Figures 8 and 14, Summary of Clinical Safety, eCTD  2.7.5 
 
Reviewer’s Conclusions about discontinuations due to Adverse events: 
In the phase 2/3 safety pool, more patients discontinued due to an AE in the FCDP arm 
compared to insulin glargine (2.8 vs, 1.2%). In EFC12404, discontinuations due to 
gastrointestinal events were less frequent with the FCDP compared to lixisenatide, but 
this may be dose related, since the majority of patients were receiving ≥10 to ≤20 μg of 
lixisenatide with the FCDP and the dose was uptitrated more gradually. 
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7.3.4 Significant Adverse Events 

Based on the ICH-E3 guidance28  these events are defined as “Marked hematological 
and other laboratory abnormalities (other than those meeting the definition of serious) 
and any events that led to an intervention, including withdrawal of test 
drug/investigational product treatment, dose reduction, or significant additional 
concomitant therapy, other than those reported as serious adverse events.” These are 
all discussed under Section 7.3.5. 
 

7.3.5 Submission Specific Primary Safety Concerns 

Safety concerns for insulin glargine include hypoglycemia and weight gain. Safety 
concerns for the GLP-1 class include gastrointestinal adverse events, pancreatitis, C-
cell proliferation, acute renal failure secondary to dehydration and increases in heart 
rate. Adverse events common to both products include Immunogenicity and injection 
site reactions. The FCDP is expected to carry both sets of risks.  
 
The FCDP clinical database is primarily informative about common adverse events like 
gastrointestinal adverse events and hypoglycemia. Gastrointestinal adverse events are 
discussed under common adverse events (section 7.4.1) 
 
From a safety perspective, the three Phase 3 lixisenatide placebo-controlled studies 
with basal insulin background therapy (EFC6016, EFC10887, and EFC10781) and other 
studies in the lixisenatide NDA submission (208471) will primarily inform the safety of 
the FCDP combination with respect to other AESI’s with the GLP-1 receptor agonist 
class. As mentioned earlier, data from the sub-group of patients in the CV outcome 
study (ELIXA, EFC11319) on background basal insulin therapy (lixisenatide [n]=835, 
placebo [n]=843) was also reviewed for any new safety signals with concomitant use of 
lixisenatide and insulin compared to the other safety pools. Findings are presented only 
if relevant.  

7.3.5.1 Hypoglycemia 

With any antidiabetic agent, hypoglycemia is a concern. GLP-1 agonists are no 
exception, and severe hypoglycemia can occur when GLP-1 agonists are used with an 
insulin secretagogue (e.g. a sulfonylurea) or insulin. Lowering the dose of the insulin 
secretagogue or insulin to reduce the risk of hypoglycemia is advised in the warning and 
precautions section of the approved GLP-1 agonist PI’s. 
 

                                            
28 ICH guidance for industry E3 Structure and Content of Clinical Study Reports 
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Symptomatic hypoglycemia was identified as events recorded on the dedicated eCRF 
“symptomatic hypoglycemia” page, and was categorized as follows: 

1. Severe symptomatic hypoglycemia: an event requiring assistance of another 
person to actively administer carbohydrate, glucagon, or other resuscitative 
actions. These episodes could be associated with sufficient neuroglycopenia to 
induce seizure, unconsciousness, or coma. Plasma glucose measurements 
might not have been available during such an event, but neurological recovery 
attributable to the restoration of plasma glucose to normal was considered 
sufficient evidence that the event had been induced by a low plasma glucose 
concentration.  

2. Documented symptomatic hypoglycemia: an event during which typical 
symptoms of hypoglycemia were accompanied by a measured plasma glucose 
concentration of ≤70 mg/dL (3.9 mmol/L). Clinical symptoms that were 
considered to result from a hypoglycemic episode could include (but were not 
limited to): increased sweating, nervousness, asthenia, tremor, dizziness, 
increased appetite, palpitations, headache, sleep disorder, confusion, seizures, 
unconsciousness, and coma.  

3. Probable symptomatic hypoglycemia: an event identified from the eCRF 
“symptomatic hypoglycemia” page as those events that did not require 
assistance and were associated with clinical symptoms with no plasma glucose 
value reported and with “oral carbohydrate”, “IV glucose” or “glucagon” taken as 
countermeasures which led to a significant improvement or prompt recovery. 

 
Reviewer’s Comment: This seems consistent with the ADA definitions29 for all events. 
For probable symptomatic hypoglycemia- “IV glucose” or “glucagon” is indicative of third 
party assistance and seems to contradict the criteria of not requiring assistance. 
However, based on review of the data, the number of patients requiring assistance 
coincides with the patients with severe hypoglycemia. In addition since documented 
symptomatic hypoglycemia and severe hypoglycemia may be the most relevant for 
objective risk assessment, only these events were reviewed. 
 
The hypoglycemic events in the phase 2 and phase 3 studies are shown separately, 
given the different patient populations. Results for ACT 12374 are also considered here 
as the insulin glargine dose was not capped in this study. 
 

                                            
29 Hypoglycemia and Diabetes: A Report of a Workgroup of the American Diabetes Association and The 
Endocrine Society; Seaquist et al; Diabetes Care; April 15, 2013 (online) 
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Table 32 Summary of Symptomatic Hypoglycemia on Treatment – Safety 
population, FCDP Program 
ACT 12374: 
Type FCDP  

(N=161) 
Insulin Glargine 
(N=162) 

Documented symptomatic hypoglycemia (plasma glucose <=70 mg/dL [3.9 mmol/L]) 
Number of patients with events, n (%)  35 (21.7%) 37 (22.8%) 
Number of patients with events per 100 
patient years  

47.9 48.9 

Severe symptomatic hypoglycemia 
Number of patients with events, n (%)  0  0 
EFC12404: 
Type FCDP  

(N=469) 
Insulin Glargine 
(N=467) 

Lixisenatide 
(N=233) 

Documented symptomatic hypoglycemia (plasma glucose <=70 mg/dL [3.9 mmol/L]) 
Number of patients with events, n 
(%)  

128 (27.3%) 119 (25.5%) 15 (6.4%) 

Number of patients with events 
per 100 patient years  

49 45 12 

Severe symptomatic hypoglycemia  
Number of patients with events, n 
(%)  

0  1 (0.2%) 0 

Number of patients with events 
per 100 patient years 

 <0.01  

 
EFC12405: 
Type FCDP  

(N=365) 
Insulin Glargine 
(N=365) 

Documented symptomatic hypoglycemia (plasma glucose 
<=70 mg/dL [3.9 mmol/L]) 
Number of patients with events, n (%)  146 (40.0%)  155 (42.5%) 
Number of patients with events per 100 
patient years  

0.72  0.74 

Severe symptomatic hypoglycemia 
Number of patients with events, n (%)  4 (1.1%) 1 (0.3%) 
Number of patients with events per 100 
patient years 

0.02  <0.01 

Source: Tables 16 and 18, Summary of Clinical safety, eCTD 2.7.5 and Table 21, CSR 
for study ACT12374 
 
Reviewer’s Assessment: Hypoglycemic events were comparable to the insulin glargine 
arm, but more frequent compared to lixisenatide in study EFC12404. More severe 
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hypoglycemic events were noted in study EFC12405 with the FCDP than with insulin 
glargine. 
 
Distribution of Hypoglycemic events: 
The events appeared to occur over the course of the studies with no clustering. This 
observation may be relevant for interpretation of the efficacy results, given the limited 
number of subjects reaching titration targets (<35%).  Poor achievement of titration 
targets cannot be explained by increased hypoglycemic events. 
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Generated by Reviewer with JMP, data source: adhy.xpt 
 
The details for the patients who had severe hypoglycemia in EFC12405 with the FCDP 
were as follows: 
 
USUBJID Age/Sex Glucose 

(mg/dl) 
Treatment Symptoms Reported Day 

012405-124-
501-005 

76/m  IV 
GLUCOSE 

Unconsciousness 182 

012405-484-
501-006 

48/f 17 IV 
GLUCOSE 

Unconsciousness, 
Dizziness, Confusion, 
Other: Asthenia And Loss 
of strength 

89 

 IV 
GLUCOSE 

Unconsciousness 96 

012405-484-
506-008 

76/f  IV 
GLUCOSE 

Seizures, Tremor, 
Confusion, Other: Anxiety, 
Nausea And Vomiting 

32 

012405-840-
544-008 

56/m 70 ORAL  Confusion, Appeared 
Confused And Incoherent -
History of marijuana use 

14 

Source: generated by Reviewer using JMP, data source: adhy.xpt 
 
All these patients also had initiation dose deviations, but only two events occurred within 
the first six weeks. This will be discussed further under medication errors. 
 
In study EFC6016 (add-on to basal insulin +/- metformin) from the lixisenatide 
development program, the incidence of symptomatic hypoglycemia over the entire 
treatment period was 42.1% with lixisenatide and 38.9% with placebo (see table below).  
The percent of patients with severe symptomatic hypoglycemia during the entire 
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treatment period was 2.1% in the lixisenatide group and 0.6% in the placebo group.  
The applicant did not follow the ADA definitions in the lixisenatide program for 
documented symptomatic hypoglycemia (Clinical review under NDA 204871). The blood 
glucose threshold for symptomatic hypoglycemia was set at < 60mg/dl (3.3mmol/L), 
compared to the ADA threshold of 70 mg/dL (3.9 mmol/L). The definition for severe 
hypoglycemia was consistent with the ADA definition. 
 
Table 34: Number (%) of Patients with Symptomatic Hypoglycemia on Insulin 
Background Therapy over 76 Weeks: Entire Treatment Period - Safety Population 

 
Source: Table 58, ISS for NDA204871, eCTD 5.3.5.3 
 
Reviewer’s Conclusion: 
In all studies, hypoglycemic episodes with the FCDP were comparable to insulin 
glargine and more frequent compared to lixisenatide in study EFC12404. These 
comparisons are limited by lack of long-term data. Severe hypoglycemia was more 
frequent with the FCDP compared to insulin glargine in subjects with prior basal insulin 
therapy (1.3% vs. 0.2%). In the 76-week study of the lixisenatide clinical program, 
severe hypoglycemia was more frequent with lixisenatide compared to the placebo arm 
(2.1% vs. 0.6%).  The increased risk for hypoglycemia is consistent with the class effect 
for GLP1 agonists when combined with insulin. 
 

7.3.5.2 Medication Errors 

As already discussed in Section 2.5, since the FCDP is a combination product, with two 
active ingredients in a single pen, the agency has had concerns about medication 
errors. It is critical that patients and providers understand that the device contains two 
ingredients in a certain proportion (2:1 or 3:1 depending on the pen used) and are able 
to prescribe/dispense/dose/use the product correctly, DMEPA has been in 
communication with the sponsor about the Human Factor’s assessment studies. In 
addition, the Agency also requested the applicant to evaluate all device-related events 
as adverse events of special interest in the planned clinical trials. The applicant did 
develop a pen-related events questionnaire (PREQ) to evaluate these events in the 
pivotal phase 3 studies.  
 
Pen-related Events in the Clinical Studies: 
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A pen-related event (PRE) was defined as any suspected problem with the injection 
pens used in the study which led or might have led to a health hazard (e.g., adverse 
event). The PRE questionnaire (PRE-Q) included a question asking if the PRE was 
associated with a clinical event, i.e., hypoglycemic or hyperglycemic event, nausea, 
vomiting, injection site reaction, other adverse event. If the answer was “yes,” then this 
clinical event was to be documented on the appropriate specific eCRF. 
  
The PRE were further classified into four categories described below, according to the 
information provided in the PRE-Q. 

• Category 1: Use of pen outside its intended dose range (FCDP pen A/ FCDP pen 
B) or outside the dose range defined by the study protocol (Lantus SoloStar, 
hereafter pen G); 

• Category 2: Potential device technical issue – Product technical complaint (PTC) 
form completed; 

• Category 3: Handling issues; 
• Category 4: Pen used out of range but not due to a lack of understanding of the 

intended dose range (e.g., medical reasons). 
 
Reviewer’s  Comment:  In real-world scenarios, there are no category 1 events for 
insulin glargine since there is no defined dose range. Therefore although the applicant 
reports 6 events for Pen G in this category, these have to be discounted. 
 
During the treatment period in the clinical studies, a total of 70 patients (44/1169 
patients in EFC12404 and 26/730 patients in EFC12405) reported 83 events related to 
the use of the pen-injectors; 44 of the 83 events were related to the use of the FCDP 
pen-injectors (33 events in EFC12404 and 11 events in EFC12405). A total of 22 of the 
44 FCDP pen-related events (18 events in EFC12404 and 4 events in EFC12405) were 
related to the use of the pen-injector (either FCDP pen A or FCDP pen B) outside of its 
intended dose range. The applicant indicates that none of the events was associated 
with a clinical event (i.e., hypoglycemia, GI adverse event, or hyperglycemia).  
 
Of the 22 Category 1 events with the FCDP, 15 events (11, EFC12404, 4 in EFC 
12405) were related to the use of FCDP pen A, and administration of a dose above the 
maximum intended dose of 40 units, either by dialing above or splitting the dose to 2 
injections to deliver a dose above 40 Units. In a total of 6 events (3 used FCDP pen A 
and 3 used FCDP pen B), the patients dialed the pen to a dose below the minimum 
intended dose (of 10 units for FCDP pen A or 30 units for FCDP pen B) by counting the 
clicking sound that the dose dial makes (1 “click” = 1 unit). One patient used both FCDP 
pen A and FCDP pen B to self-titrate and inject a dose above the intended maximum 
dose range. 
 
The events in categories 2-4 were comparable between the products (2.3% for the 
FCDP, 2.4% for Pen G, 3.5% for lixisenatide). The applicant indicates that root causes 
of events in categories 2, 3 and 4 are not considered to be unique to this FCDP, as they 
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Table 35: Initiation dose deviations in FCDP group – Safety population 
Category Number of patients 

(%) N=365 
Overall 100 (27.4%) 
At randomization, transition dose was performed with FCDP instead of Lantus. 41 (11.2%) 
FCDP started at dose equal to last Lantus dose on day before randomization 38 (10.4%) 
Incorrect initiation dose lacking specific pattern (Dose not equal to either 20 or 
30 U; or not in accordance with protocol vs. dose before randomization) 

12 (3.3%) 

Prescribed the right insulin dose (30 U) but with the wrong pen (FCDP pen A 
instead of FCDP pen B) 

4 (1.1%) 

Randomized despite dose being out of range, i.e., either < 20 U or >50 U 5 (1.4%) 
Source:  Table 7, Container closure system - Pen-related events and initiation dose 
deviations observed in clinical trials, eCTD 3.2.P.2.Pharm-dev-16 
 
31 patients (9 on higher doses and 22 on lower doses) returned to the dose 
recommended per protocol within 2 weeks, including 28 who returned to the 
recommended dose within 1 week. The other patients in the FCDP group (n=69) did not 
correct the initiation dose and continued the study (including titration) as planned.  From 
week 7, the applicant reports that the insulin curves merged and did not show further 
clinically relevant differences in IMP dose levels, and in the insulin glargine group, the 
patients continued insulin titration from the level at baseline.  
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Figure 9: Plot of Mean Daily Insulin Glargine Dose (U) by Visit - for FCDP group 
mITT Population 

 
The analysis included scheduled measurements obtained up to the date of last injection 
of the IMP, including those obtained after introduction of rescue therapy. 
Source:  Figure1, Container closure system - Pen-related events and initiation dose 
deviations observed in clinical trials, eCTD 3.2.P.2.Pharm-dev-16 
 
The applicant also performed sensitivity analyses on the primary efficacy endpoint 
(change in HbA1c at week 30) to evaluate the impact of initiation dose deviations in 
both the FCDP and insulin glargine groups by excluding patients with dose deviations. 
 
The analyses used the same mixed-effect model with repeated measures (MMRM) as 
used for the primary efficacy analysis, including the treatment groups, randomization 
strata, visit, treatment by- visit interaction, and country as fixed-effect factors, and the 
baseline HbA1c-by-visit interaction as covariate. The results were consistent with the 
primary analyses. Again these results are difficult to interpret, due to the review issues 
identified with the study design. 
 
Safety issues in Patients with dose deviations: 
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At end of treatment, in both treatment groups, a slightly higher incidence of patients with 
any initiation dose deviation had discontinued treatment compared to those without a 
deviation: 10/100 vs.(10%) versus 19/265 (7.2%) for the FCDP group and 4/78 (5.1%) 
versus 6/287 (2.1%) in the insulin glargine group.  
 
Table 36: Discontinuations due to AEs in Patients with Dose Deviations, 
EFC12405 
Initiation dose deviation groups FCDP 

n/N (%) 
Insulin Glargine 
n/N (%) 

All  29/365 (7.9%)  10/365 (2.7%) 
Any deviation  10/100 (10.0%) 4/78 (5.1%) 
Starting dose higher  8/62 (12.9%) 3/65 (4.6%) 
Starting dose lower  2/38 (5.3%) 1/13 (7.7%) 
No deviation  19/265 (7.2%) 6/287 (2.1%) 
Source: Table 9, Container closure system - Pen-related events and initiation dose 
deviations observed in clinical trials, eCTD 3.2.P.2.Pharm-dev-16 
 
Five out of the 10 FCDP patients who discontinued treatment did so due to medical 
reasons: hypoglycemic unconsciousness occurring 6 months after start of treatment, 
benign gastric neoplasm diagnosed during the first month of treatment, repeated 
hypoglycemia during treatment leading to discontinuation 6 months after initiation, 
nausea and weight increase leading to discontinuation about 3 months after initiation. In 
the insulin glargine group, 1 out of the 4 patients who discontinued treatment did so for 
a medical reason (gallbladder cancer two months after randomization). The remaining 
patients discontinued due to other reasons 
 
Reviewer’s Comment: Although discontinuations due to adverse events occurred more 
frequently in patients with a dose deviation, based on time of occurrence, they could not 
be attributed to the dose deviation.   
 
The incidence of documented symptomatic hypoglycemia (blood glucose ≤70 mg/dL) 
and GI AEs (nausea, vomiting, and diarrhea) that occurred within the first 4 weeks of 
the on-treatment period is shown in the table below. No specific trend for the incidence 
of gastrointestinal disorders, specifically nausea, vomiting or diarrhea, was identified for 
patients with deviation in initiation dose within the FCDP group. In the FCDP group, the 
incidence of documented symptomatic hypoglycemia (blood glucose ≤70 mg/dL) that 
occurred in the first four weeks on-treatment reported in patients with any deviation at 
dose initiation was 12/100 (12%), and the majority of these events occurred in patients 
who initiated at a higher dose (11/12 events, 17.7%), compared to an incidence rate of 
19/265 (7.2%) in patients without deviations. In the insulin glargine group, the incidence 
of hypoglycemia in patients with deviations was 6/78 (7.7%), and the majority of these 
events also occurred in patients who initiated at a higher starting dose (5/6 events) 
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Table 37: AEs that Occurred Within the First 4 weeks of the On-treatment Period – 
Safety Population 
 FCDP (N=365) Insulin Glargine (N=365) 
Events, n 
(%) 

All 
(N=365) 

No 
Deviation 
(N=265) 

Initiation dose 
deviation 

All 
(N=365) 

No 
deviation 
(N=287) 

Initiation dose 
deviation 

Any 
deviation 
(N=100) 

Starting 
dose 
higher 
(N=62) 

Any 
deviation 
(N=78) 

Start-
ing 
dose 
higher 
(N=65) 

Documented 
symptomatic 
hypoglycemia  

31 
(8.5%) 

19 (7.2%) 12 
(12.0%) 

11 
(17.7%) 
 

45 
(12.3%) 

39 
(13.6%) 

6 (7.7%) 5 
(7.7%) 

Gastrointestinal disorders 
Nausea 19 

(5.2%) 
14 (5.3%) 5 (5.0%) 4 (6.5%) 0 0 0 0 

Vomiting 6 
(1.6%) 

4 (1.5%) 2 (2.0%) 1 (1.6%) 0 0 0 0 

Source: Table 10, Container closure system - Pen-related events and initiation dose 
deviations observed in clinical trials, eCTD 3.2.P.2.Pharm-dev-16 
 
Reviewer’s Comment: 
Hypoglycemia can be expected if the insulin glargine is initiated at a higher dose. It is 
difficult to draw firm conclusions given the small sizes of the sub-groups. 
 
Hypoglycemic events: 
Review of the 11/62 patients (17.7%) in the FCDP group who started at a higher dose 
than recommended and developed documented symptomatic hypoglycemia within the 
first 4 weeks of treatment is summarized below: 

• Except for two patients, all these patients were initiated at the same dose of 
Lantus that they had received pre-randomization.  

• All of these patients were receiving more than 10µcg of lixisenatide. Five of these 
patients received 15-20 µcg lixisenatide .  

• Six of these patients had no hypoglycemic events at the run-in phase, two had >2 
events, the remaining three had 1-2 events. 

• The event was correlated with a skipped meal for 9/11 patients and marijuana 
use for one patient 

• One of these patients discontinued due to hypoglycemia 
 

Reviewer’s Comment: 
The events that occurred within the first 4 weeks are associated with higher dose 
initiation of study therapy, although there is confounding from other factors. 
 
The four patients on the FCDP who had severe hypoglycemic episodes over the course 
of the study also had initiation dose deviations. Three patients were started on the same 
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While this algorithm has been evaluated in a human factors study, the results may not 
be reflective of medication errors and safety issues that may arise post-marketing (see 
below). 
 
Human Factors Validation Study: 
 
The following tasks were evaluated in the human factors study31: 
 

1. Prescribing Tasks:  Physicians used the package insert (PI) to demonstrate the 
ability to correctly prescribe insulin glargine/lixisenatide. Results indicated that all 
the 15 physicians understood the PI and were able to prescribe the correct dose 
and device. However, Prescribers were given unlimited time to review the PI and 
prescribers were directed to answer questions based on the directives in the PI. 
They were not tested on comprehension of the dose of the lixisenatide 
component being dispensed with units of insulin glargine prescribed with each 
pen.  
 

2. Dispensing Tasks:  Pharmacists were presented with a prescription to 
demonstrate the ability to dispense the correct insulin glargine/lixisenatide pen. 
Fourteen (out of 15) pharmacists selected the correct package when presented 
with a prescription for either the  product 
options (the names used for the mock insulin glargine/lixisenatide products).  
One pharmacist selected the wrong product initially when presented with a 
prescription, instead the pharmacist selected the product that he dispenses often 
because he misunderstood the task.  When the moderator clarified the task, the 
participant selected one of the  but he still made an error because he did 
not consider the modifier when making his selection.  During the root cause 
questioning, the moderator noted that the participant misunderstood the task 
which lead to the error. DMEPA is concerned that this error can occur in the 
actual practice setting. 

 
3. Pen Differentiation and Handling Tasks:  Patients and nurses were asked to 

select the correct pen and prepare an assigned dose using the pen devices. 
Forty-four out of 45 of the patient and nurse participants selected the correct pen 
to use when presented with different dose regimens.  These participants were 
also asked to prepare an assigned dose using one of the pen injector devices.  
One pen inexperienced patient participant failed this task and prepared 10 units 
for the dose instead of the 20 units he was instructed to prepare.  The participant 
attributed this use error to be associated with mixing the modifier  with 
the specified dose.  All 45 of the patient and nurse participants were able to 

                                            
31 Labeling and Human Factors review by Dr. Ariane Conrad PharmD.,, Division of Medication Error 
Prevention, April 13, 2016. 
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demonstrate understanding of the storage instructions provided in the patient 
Instructions for Use (IFU). 
 

4. Identifier (Proprietary Name Modifier) Assessment Tasks:  Physicians, 
pharmacists, nurses, and patients were asked to interpret the meaning of  

 within the proprietary names of the products. Three providers 
and two patients misinterpreted the modifier as the ratio of medication contained 
within the pen injector. While these misinterpretations did not result in a dosing 
error in the study, the prescriber could have potentially given the wrong dose 
based on an incorrect assumption regarding the medication. One patient 
misinterpreted the modifier as the dose he was supposed to prepare (i.e., 10 
units using the ) after receiving instructions to prepare a 20 unit 
dose. Misinterpretations were also observed in the FDA Name Simulation 
studies.  

 
The DMEPA reviewer indicates that the Human Factor study results are acceptable. 
However, there is residual risk associated with the use of this product that cannot be 
further assessed in the context of a human factors study.  If prescribers have 
inadequate time to review the PI, there is potential for medication error. The modifiers 
carry a risk of medication error because they may be misinterpreted as a patient specific 
dose or dosage range instead of the modifier for the pen injector. The DMEPA 
reviewers also had extensive discussions with the applicant about alternate modifiers. 
Potential medication errors due to the 33 µg (i.e. Pen B) appearing first in computerized 
provider order entry (CPOE) systems were also discussed. DMEPA has indicated that 
availability of two pens may still be associated with risk that may not be adequately 
mitigated through proprietary names and product labeling 31, 32.  
 
Reviewer’s Assessment about Medication Errors and Clinical Considerations: 
 
Since the FCDP has two active ingredients that are administered in two different 
proportions with two pens there are concerns about whether patients and providers 
would be able to prescribe/dispense/dose/use the product correctly, 
 
The FCDP combines two active ingredients with different terms of measure; units for 
insulin glargine and micrograms for lixisenatide. Designating the dosing in terms of 
“units” only references the insulin component (insulin glargine) and does not 
communicate the presence of the GLP-1 component.  This could lead to confusion and 
medication errors in the clinical care setting This is specifically concerning during 
transition of care to other providers caring for the patient- ER, surgical care, Nursing 
homes etc. Concerns were also raised by the advisory committee members about the 
“units” measure term and need for consistency across all approved insulin and GLP1 

                                            
32 Human Factors Study Review Memorandum by Dr. Quynhnhu T. Nguyen, Division of Medication 
Errors Prevention, April 13, 2016, DARRTs reference ID 3916526. 
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agonist combinations. DMEPA has considered several alternative possibilities for the 
measure term, which included no measure term, novel alternatives like “ , and 
“unit/mg” or unit/ µg” or “mg” alone. They opine that term “units” is the least problematic 
of the options available based on: 
 

• Ability to incorporate in the CPOE systems (if a single pen presentation was 
approved) 

• the results of the prescriber labeling comprehension study for the FCDP 
• providers and patients are familiar with the “unit” terminology, and are used to 

dialing the dose in “units” on these type of pens 
• the applicant has based their dosing strategy and pen design on the units of 

insulin contained in a dose.  
 
In my opinion, there is still some residual risk with the FCDP from the measure term (U), 
since it fails to convey the presence of the GLP-1 component (lixisenatide). In addition, 
there is no data from human factors studies to support the fact that alternative measure 
terms (e.g. “mg” or “µg” and dosing/titrating based on the lixisenatide component) are 
more problematic. While this is not optimal, I can align with the “unit” measure term if 
the presence of two active ingredients at two different dose strengths is appropriately 
highlighted in the pen, carton, package inserts and instructions for use (IFU) for 
prescribers and patients. Primary prescribers of the FCDP are likely to familiarize 
themselves about the product prior to prescribing the same, and will therefore be aware 
of the GLP1 component. Errors are possible in transitional care settings if inadequate 
time is available for review of the label. However, the most likely medication error that 
may arise is that the patient may temporarily receive basal insulin (based on the “Unit” 
measure term). While some hyperglycemia is possible, this could be managed in these 
settings with insulin.  
 
The FCDP results in a loss of dosing flexibility and this in turn can potentially lead to 
medication errors.  It is not possible to adjust the dose of one ingredient without also 
adjusting the dose of the other one.  Further, the insulin dose is capped at 60U.  . In 
patients already on a GLP-1 receptor agonist or basal insulin, this leads to a decrease 
in the dose of the previous component (also see section 6.1.4.3 Data Supporting 
Target Population).  Additionally, when transitioning from Pen A to Pen B, there is a 
decrease in the lixisenatide component. Providers and patients may try to overcome this 
loss of dosing flexibility by adding a second GLP-1 agonist or by using the FCDP like a 
titratable product (i.e. insulin glargine) with no upper dose limit, including off-label twice 
daily use. This could lead to medication errors from overdosing on the GLP-1 
component. This is in contrast to using a once weekly GLP-1 receptor agonist with 
basal insulin which would offer the convenience of fewer injections while still allowing for 
unrestricted titration of the insulin while receiving the GLP-1 component at an effective 
dose. 
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I agree with the DMEPA reviewers that the proposal to use two pen injectors that deliver 
two different dose ranges of insulin with some overlap (30-40U) raises the potential for 
confusion.  Whether patients and prescribers will consistently recognize the differences 
between the two pen injectors and when to use each one is unclear. The  

 modifiers for the pens is a potential source of medication error. As discussed 
earlier, Pen B instead of Pen A may appear first in CPOE systems due to the lower 
strength of lixisenatide (33 µg), although it is indicated for patients requiring higher 
doses of insulin. Misinterpretation of the modifier as a ratio or patient specific insulin 
dose range is possible. The availability of two pens may still be associated with risk that 
may not be adequately mitigated through proprietary names and product labeling. 
 

7.3.5.2.1 Revised Product Presentation 
 
The concerns for medication errors with the modifiers and the two pen presentation 
were communicated to the applicant by the Clinical and DMEPA reviewers during the 
review cycle. The applicant submitted a revised proposal for a single pen presentation 
(Pen B with a proposed dose range of 15-60U) on August 11, 2016. This was 
considered as a major amendment and led to the revised PDUFA goal date of 
November 21, 2016. The applicant proposes that the FCDP will now be available as a 3 
mL single-patient use the same prefilled SoloStar® pen. Each 1mL would contain a fixed 
ratio of 100 units of insulin glargine and 33 mcg of lixisenatide 
 
Applicant’s Revised Dosing Initiation: 

For patients previously on basal insulin, the applicant proposes the following revised 
dose initiation algorithm: 
 
Table 38: Applicant’s Revised Dose Initiation Algorithm for Patients on Basal 
Insulin 

Source: Applicant’s revised package insert dated August 11, 2016 
 
Revised Pen presentation: 
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Potentially, a second injection or off-label twice daily use resulting in overdosing of the 
GLP-1 component is still possible, especially in patients who were previously on or 
eventually require larger doses of insulin, but this can be addressed in the label and 
IFU. Hyperglycemia may still occur in the FCDP initiation phase e.g. in a patient who 
was on 55U insulin glargine who gets initiated at the FCDP dose of 30U/10 µg if not 
adequately monitored and up-titrated, but this can be addressed by appropriate 
labeling. 
 
 

7.3.5.3  Pancreatitis 

There were no investigator reported or adjudicated cases of pancreatitis in the safety 
population of the FCDP program. 
 
In the background insulin pool from the placebo-controlled efficacy and safety studies 
(NDA 208471) there was one case of pancreatitis in the lixisenatide (0.1%) and placebo 
(0.2%) groups, 

7.3.5.4 Thyroid C-cell Proliferation and other malignancies 

There were no malignant or unspecified thyroid tumors reported. The following 
malignancies were reported in the safety population of the FCDP program (Table 36). 
There were no clinically relevant differences between the treatment groups. 
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Table 39: Malignant or Unspecified Tumors-FCDP Clinical program Safety 
Population 
Preferred Term FCDP 

N=995 
Insulin Glargine 
N=994 

Lixisenatide 
N=233 

Subjects (n) 7(0.7%) 5 (0.5%) 1 (0.4%) 
Breast cancer     1 ( 0.1%)     0      0 ( 0%) 
Gallbladder cancer     0      1 ( 0.1%)     0 ( 0%) 
Kaposi's sarcoma     0      1 ( 0.1%)     0 ( 0%) 
Squamous cell carcinoma of the oral 
cavity     0      1 ( 0.1%)     0 ( 0%) 
Squamous cell carcinoma of the tongue     1 ( 0.1%)     0 ( 0%)     0 ( 0%) 
Metastases to liver     0     0 ( 0%)     1 ( 0.4%) 
Non-Hodgkin's lymphoma     1 ( 0.1%)     0 ( 0%)     0 ( 0%) 
Ovarian cancer     1 ( 0.1%)     0 ( 0%)     0 ( 0%) 
Pancreatic carcinoma     0     1 ( 0.1%)     0 ( 0%) 
Prostate cancer recurrent     0     1 ( 0.1%)     0 ( 0%) 
Lung cancer metastatic     1 ( 0.1%)     0 ( 0%)     0 ( 0%) 
Lung neoplasm malignant     0     0 ( 0%)     1 ( 0.4%) 
Basal cell carcinoma     1 ( 0.1%)     0 ( 0%)     0 ( 0%) 
Squamous cell carcinoma of skin     1 ( 0.1%)     0 ( 0%)     0 ( 0%) 
Source: Adapted from Table 34, Summary of Clinical Safety , eCTD2.7.4 
 
In the background insulin pool from the placebo-controlled efficacy and safety studies 
(NDA 208471) neoplasms were overall balanced between the treatment groups 
(lixisenatide -10 [1.4%], placebo-9 [1.6%]). Thyroid neoplasms were balanced between 
treatment groups (lixisenatide-2 [0.3%], placebo-2 [0.4%]). There was one pancreatic 
cancer (0.1%) reported in the lixisenatide group. 

7.3.5.5 Hypersensitivity 

Adjudicator confirmed allergic reactions are shown in the table below. Of these events, 
3 (0.6%) of the events with lixisenatide and 3 (0.3%) with the FCDP were attributed to 
the IMP vs. none with insulin glargine. There was one case of adjudicator confirmed 
anaphylaxis with lixisenatide that resulted in IMP discontinuation. 
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Table 40:Allergic reactions confirmed by Adjudication, Safety Population 

 Dictionary Derived Term 
FCDP 
N=995 

Insulin Glargine 
N=994 

Lixisenatide 
N=233 

Anaphylactic reaction     0 (  0.0%)     0 (  0.0%)     1 ( 0.4%) 
Angioedema     3 (  0.3%)     0 (  0.0%)     0 (  0.0%) 
Conjunctivitis allergic     0 (  0.0%)     1 ( 0.1%)     0 (  0.0%) 
Rhinitis allergic     1 (  0.1%)     4 ( 0.4%)     0 (  0.0%) 
Urticaria     3 ( 0,3%)     1 ( 0.1%)     1 ( 0.4%) 
Subjects(filtered)     7 ( 0.7%)     5 ( 0.5%)     2 ( 0.9%) 
Source: Adapted from Table 32, Summary of Clinical Safety , eCTD2.7.4 
 
Reviewer’s Comment: 
This data again confirms that patients are exposed to the known safety risks of both 
products (insulin glargine and lixisenatide) with the FCDP. 
 
In the background insulin pool from the placebo-controlled efficacy and safety studies in 
NDA 208471, adjudicated allergic reactions, including anaphylaxis, were more frequent 
with lixisenatide. This is consistent with the findings for the entire clinical program. 
 
Table 41: ARAC Adjudicated Allergic Reactions, Background Insulin Pool in 
Placebo-controlled Efficacy Studies (NDA208471) 
 Allergic Reaction Preferred Term LIXI (N=705) PBO (N=547) 
Anaphylactic reaction     2 (  0.3%)     0 (  0.0%) 
Angioedema     0 (  0.0%)     2 (  0.4%) 
Asthma     1 (  0.1%)     0 (  0.0%) 
Dermatitis     0 (  0.0%)     2 (  0.4%) 
Dermatitis contact     1 (  0.1%)     0 (  0.0%) 
Pruritus     1 (  0.1%)     0 (  0.0%) 
Pruritus generalized     1 (  0.1%)     0 (  0.0%) 
Rhinitis allergic     2 (  0.3%)     0 (  0.0%) 
Urticaria     6 (  0.9%)     0 (  0.0%) 
Subjects(filtered)    14 (  2.0%)     4 (  0.7%) 
Source: Generated by reviewer using J-Review, data source adal.xpt, NDA 208471 

7.3.5.6 Injection site reactions 

In the phase 2/3 controlled study pool numerically more lixisenatide treated patients had 
investigator reported injection site reactions followed by the FCDP and insulin glargine 
(lixisenatide-3.0%, FCDP-1.7%, insulin glargine-1.1%). Based on ARAC diagnosis 3 
(0.3%) FCDP patients and 2 (0.9%) lixisenatide patients had adjudicated injection site 
reactions compared to none with insulin glargine. 
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In the background insulin pool from the placebo-controlled efficacy and safety studies 
(NDA208471) injection site reactions were more frequent in lixisenatide treated patients 
compared to placebo (EFC6016: lixisenatide-2.4%, placebo-0.6%, EFC10781: 
lixisenatide-6.7%, placebo-2.2%, EFC10887:-lixisenatide-1.3%, placebo-1.3%). This 
was consistent with the findings in the entire clinical program. 

7.3.5.7 Renal Safety 

Overall, the incidence of renal TEAEs was low in all treatment groups. In the Phase 2/3 
study pool the incidence of TEAEs in the renal and urinary disorders SOC was 0.9% (9 
patients) in the FCDP group and 1.7% (17 patients) in the insulin glargine group. PTs 
related to Acute renal failure/renal impairment were very low and balanced between 
treatment groups. Again, given the short duration of the studies, it is not useful to 
analyze common adverse events by renal sub-groups.  
 
In the background insulin pool from the placebo-controlled efficacy and safety studies 
(NDA208471), events in the acute renal failure SMQ were balanced between treatment 
groups, 
 
Table 42: Events in the Acute Renal Failure SMQ, Background Insulin Pool of 
Placebo-controlled Efficacy Studies, NDA208471 

 High Level Term 
 Dictionary Derived 
Term LIXI (N=705) PBO (N=547) 

Renal function analyses 

Blood creatinine 
increased     3 (  0.4%)     1 (  0.2%) 
Creatinine renal 
clearance decreased     1 (  0.1%)     0 (  0.0%) 

Renal failure and 
impairment 

Renal failure     0 (  0.0%)     3 (  0.5%) 
Renal failure acute     2 (  0.3%)     0 (  0.0%) 
Renal impairment     1 (  0.1%)     1 (  0.2%) 

Urinary abnormalities 
Albuminuria     0 (  0.0%)     2 (  0.4%) 
Subjects(filtered)     7 (  1.0%)     7 (  1.3%) 

Source: generated by reviewer using J-review and MAED, data source adae.xpt, NDA 
208471 

7.3.5.8 Cardiac adverse events 

The number of patients with positively adjudicated Major cardiovascular events of CV 
death, non-fatal MI, non-fatal stroke and (MACE) and hospitalization for unstable angina 
was low: 10 patients (1.0%) in the FCDP group, 15 patients (1.5%) in the insulin 
glargine group, and 3 patients (1.3%) in the lixisenatide group. three patients (0.3%) on 
insulin glargine were hospitalized for heart failure. Again CV risk with the FCDP should 
be primarily assessed based on the lixisenatide program (NDA 208471). In a large trial 
of CV outcomes (The Outcome Reduction with Initial Glargine Intervention [ORIGIN] 
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trial) conducted by the applicant, the relative risk of CV disease or CV mortality was 
found not to be altered by treatment with insulin glargine33. 
 
Palpitations were reported in 2 (0.2%) of patients on the FCDP and 1 patient (0.4%) on 
lixisenatide vs. none with insulin glargine. Events in the supraventricular arrhythmias 
HLT were comparable between treatment groups (FCDP-6 [0.6%], insulin glargine-6 
[0.6%], lixisenatide- 3 [1.3%]). 
 
In the background insulin pool from the placebo-controlled efficacy and safety studies 
(NDA208471), an imbalance in tachyarrhythmias and conduction disorders was noted 
with lixisenatide, which was consistent with the observation for the placebo controlled 
efficacy and safety pool overall . In the ELIXA study, there was no numerical imbalance 
of AEs related to supraventricular arrhythmias and conduction disorders overall. In the 
sub-set of patients on background basal insulin there was still a numerical imbalance for 
the PTs of tachycardia (0.8% vs. 0.4%) and palpitations (1.8% vs 0.9%) that was slightly 
higher than the difference seen for the entire safety population (tachycardia-0.5 vs 
0.3%, palpitations-1.3 vs 1.1%)34. This risk can be addressed by labelling. Overall, it is 
re-assuring that the risk for clinically significant supraventricular arrhythmias or 
conduction disorders was not increased in a population at risk 

7.3.5.9 Hepatobiliary adverse events 

In the Phase 2/3 study pool the incidence of any hepatic TEAE was 0.8% (8 patients) in 
the FCDP group and 0.6% (6 patients) in the insulin glargine group. The most frequently 
reported TEAE across the treatment groups was hepatic steatosis.  
 
Liver Function: In the phase 3 pool The percentage of patients with ALT elevations over 
3 XULN were low and similar between the insulin glargine and FCDP groups (0.5%). No 
patients had ALT elevations over 5XULN.  There were no potential Hy's law cases (ALT 
>3 x ULN associated with an increase in total bilirubin >2 x ULN). 
 
In the background insulin pool from the placebo-controlled efficacy and safety studies 
(NDA 208471), the incidence of AEs in the hepatobiliary disorders SOC was balanced 
between lixisenatide and placebo (lixisenatide-7 [1.0%], placebo-4 [0.7%]). The most 
common events were cholelithiasis and hepatic steatosis. 
 

                                            
33 Basal Insulin and Cardiovascular and other Outcomes in Dysglycemia. The ORIGIN trial Investigators, 
N. Engl J. Med, 2012, 367: 319-328 
34  Clinical review for lixisenatide, NDA208471-page 127-130, DARRTs ID-39544238 
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7.4 Supportive Safety Results 

7.4.1 Common Adverse Events 

Common adverse events (over 2% incidence by HLT term) are shown in the Table 40 
below. For comparisons between insulin glargine and the FCDP, the phase 2/3 safety 
population in the FCDP program was used. To compare between the FCDP and 
lixisenatide the safety population in study EFC12404 was used, since this was the only 
study that included a lixisenatide arm.  Gastrointestinal AEs and other common AEs 
consistent with GLP-1 related effects were more frequent in the FCDP arm compared to 
insulin glargine but less frequent compared to lixisenatide. In general results were 
consistent with the findings noted with discontinuations due to AEs (section 7.3.3). 
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Table 43: Adverse Events by HLT in Over 2% of Patients, Safety Population, FCDP 
Program 
High level term 

- Preferred term 
FCDP 
N= 995 

Insulin Glargine 
N =994 

Total events (n)   548 ( 55.1%) 500 (50.3%) 
Upper respiratory tract 
infections   139 ( 14.0%)   148 ( 14.9%) 
Nausea and vomiting 
symptoms   105 ( 10.6%)    26 (  2.6%) 

- Nausea    95 (  9.5%)    19 (  1.9%) 
- Vomiting    32 (  3.2%)    10 (  1.0%) 

Diarrhea (excl infective)    63 (  6.3%)    36 (  3.6%) 
Headaches NEC    54 (  5.4%)    37 (  3.7%) 

- Headache    53 (  5.3%)    37 (  3.7%) 
Musculoskeletal and 
connective tissue pain and 
discomfort    48 (  4.8%)    34 (  3.4%) 

- Back pain    27 (  2.7%)    17 (  1.7%) 
- Pain in extremity    18 (  1.8%)     9 (  0.9%) 

Influenza viral infections    34 (  3.4%)    28 (  2.8%) 
Viral infections NEC    30 (  3.0%)    26 (  2.6%) 
Neurological signs and 
symptoms NEC    27 (  2.7%)    15 (  1.5%) 

- Dizziness    27 (  2.7%)    13 (  1.3%) 
Urinary tract infections    27 (  2.7%)    20 (  2.0%) 
Lower respiratory tract and 
lung infections    25 (  2.5%)    26 (  2.6%) 
Asthenic conditions    21 (  2.1%)    12 (  1.2%) 

- Fatigue    12 (  1.2%)     7 (  0.7%) 
- Asthenia     9 (  0.9%)     5 (  0.5%) 

Injection site reactions    17 (  1.7%)    11 (  1.1%) 
(Preferred Terms relevant to GLP1 –related effects are also shown) 
Generated by Reviewer using J-Review, data source adae.xpt 
 
 
Table 44: Adverse Events by HLT in Over 2% of Patients, EFC12404 
High Level Term 

- Preferred Term 
Lixisenatide 
N=233 

FCDP 
N=469 

Insulin Glargine 
N=467 

Total (n)   157 ( 67.4%)   267 ( 56.9%)   227 ( 48.6%) 
Nausea and vomiting 
symptoms    61 ( 26.2%)    51 ( 10.9%)    21 (  4.5%) 

- Nausea    56 ( 24.0%)    45 (  9.6%)    17 (  3.6%) 
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- Vomiting    15 (  6.4%)    15 (  3.2%)     7 (  1.5%) 
Upper respiratory tract 
infections    33 ( 14.2%)    73 ( 15.6%)    73 ( 15.6%) 
Diarrhea (excl infective)    21 (  9.0%)    42 (  9.0%)    20 (  4.3%) 
Musculoskeletal and connective 
tissue pain and discomfort    18 (  7.7%)    29 (  6.2%)    22 (  4.7%) 
Headaches NEC    18 (  7.7%)    25 (  5.3%)    15 (  3.2%) 
Asthenic conditions     7 (  3.0%)     6 (  1.3%)     8 (  1.7%) 
Neurological signs and 
symptoms NEC     7 (  3.0%)    16 (  3.4%)     7 (  1.5%) 
Injection site reactions     7 (  3.0%)    12 (  2.6%)     8 (  1.7%) 
Viral infections NEC     7 (  3.0%)    12 (  2.6%)     8 (  1.7%) 
Lower respiratory tract and lung 
infections     7 (  3.0%)    10 (  2.1%)    13 (  2.8%) 
Gastrointestinal and abdominal 
pains (excl oral and throat)     6 (  2.6%)     8 (  1.7%)    11 (  2.4%) 
Dyspeptic signs and symptoms     5 (  2.1%)     7 (  1.5%)     5 (  1.1%) 
Abdominal and gastrointestinal 
infections     5 (  2.1%)     8 (  1.7%)     7 (  1.5%) 
(Preferred Terms relevant to GLP1 –related effects are also shown) 
Generated by Reviewer using J-Review, data source adae.xpt 
 
 
Early Adverse Events, Study EFC12404: 
Given the question surrounding efficacy at the low dose range, the safety profile of the 
FCDP at the low dose range needs to be considered.  As the studies were designed to 
titrate the dose, a better reflection of the safety profile of the low dose FCDP may come 
from the early adverse events in study EFC12404 where all subjects randomized to the 
FCDP started at lixisenatide 5 μg.  Based on mean insulin glargine dose lixisenatide 
doses above 10 μg were not achieved on average until week 6.  While use of the FCDP 
tended to result in GLP-1 receptor agonist related treatment emergent adverse events 
(such as nausea and vomiting) less commonly than lixisenatide alone, these events 
occurred more commonly than with insulin glargine alone.  This raises questions 
regarding whether there is a benefit to using the FCDP, particularly at the low dose 
range that warrants the additional risks of therapy. 
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Table 45: Safety of the FCDP at doses of lixisenatide < 10 µg (Day 42), EFC12404 

HLT Term FCDP 
N= 469 

Insulin Glargine 
N=467 

Lixisenatide 
N=233 

Nausea and 
vomiting symptoms    31 (  6.6%)    12 (  2.6%)    55 ( 23.6%) 

Headaches NEC    14 (  3.0%)    11 (  2.4%)    14 (  6.0%) 
Diarrhea    19 (  4.1%)    13 (  2.8%)    13 (  5.6%) 
Injection site 
reactions     4 (  0.9%)     6 (  1.3%)     6 (  2.6%) 

Asthenic conditions     4 (  0.9%)     3 (  0.6%)     5 (  2.1%) 
Dyspeptic signs and 
symptoms     5 (  1.1%)     2 (  0.4%)     4 (  1.7%) 

Source: generated by reviewer using J-review, data source adae.xpt, NDA208673 
 
The incidence of nausea/vomiting and other common AEs in the background insulin 
pool were consistent with incidence in the placebo controlled efficacy and safety 
studies. 
 
 
Table 46: Gastrointestinal Adverse Events in the Phase 3 studies that included 
Background Insulin, Safety Population, NDA 208471 

High Level Term 
- Preferred Term 

LIXI 
N=705 

PBO 
N=547 

Nausea and vomiting 
symptoms   242 ( 34.3%)    39 (  7.1%) 

- Nausea   218 ( 30.9%)    34 (  6.2%) 
- Vomiting    81 ( 11.5%)     8 (  1.5%) 

Diarrhea (excl infective)    64 (  9.1%)    21 (  3.8%) 
Gastrointestinal and 
abdominal pains (excl oral 
and throat)    42 (  6.0%)    12 (  2.2%) 
Gastrointestinal atonic and 
hypomotility disorders NEC    37 (  5.2%)    11 (  2.0%) 
Dyspeptic signs and 
symptoms    31 (  4.4%)     1 (  0.2%) 
Flatulence, bloating and 
distension    21 (  3.0%)     6 (  1.1%) 
Gastrointestinal signs and 
symptoms NEC    16 (  2.3%)     4 (  0.7%) 
Source: generated by reviewer using J-review, data source adae.xpt, NDA208471 
 
Reviewer’s Conclusions about Common AEs: 
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GLP-1 related common AEs were clearly more frequent with the FCDP compared to 
insulin glargine, but less frequent compared to lixisenatide. This may be because 
gastrointestinal AEs are dose dependent and the majority of patients on the FCDP were 
on doses of lixisenatide between 10-20 µg. These trials are too short and the population 
too small to make an assessment about other GLP-1 related AEs (hypersensitivity, 
pancreatitis etc.) which are less frequent, and the risk for these events has to based on 
studies in the lixisenatide clinical program (NDA 208471) 

7.4.2 Laboratory Findings 

Lipase and Amylase: In the Phase 3 study pool, the percentage of patients with normal 
or missing baseline values with elevations in lipase or amylase ≥ 3 x ULN post-
treatment were similar between the FCDP and insulin glargine groups: lipase (0.7% 
versus 1.2%) and amylase (0.1% versus 0.2%). In Study EFC12404, percentages in the 
FCDP group compared with the lixisenatide group for lipase were 0.9% versus 2.2%, 
and for amylase were 0.2% versus 0.4% 
 
Serum Calcitonin: In the Phase 3 study pool, the percentage of patients with serum 
calcitonin values >ULN but <20 ng/L reported during the on-treatment period was low 
with no relevant differences between the FCDP and insulin glargine treatment groups 
(5.9% versus 6.0%). The percentages were also similar for calcitonin values ≥ 20 - <50 
ng/L (0.5% versus 0.6%) and for values >50 ng/L (1 patient in each group [0.1%]). 
 
Renal function: No relevant mean changes from baseline values to the last on-treatment 
values were observed for creatinine clearance (mL/min), creatinine (mg/dL), and uric 
acid (mg/dL) in the phase 3 pool in both the FCDP and insulin glargine groups.  The 
percentage of patients with abnormalities of mild renal impairment based on creatinine 
clearance during the on-treatment period was generally similar among the FCDP and 
insulin glargine groups (28.6% vs, 28.2%). Numerically more patients in the FCDP 
group had moderate renal impairment compared to insulin glargine( 5.0%, vs. 3.7%), 
Severe renal impairment was reported in 2 patients (0.2%) in the insulin glargine group. 
11.4% of FCDP patients with normal creatinine clearance at baseline or missing values 
shifted to the category of  ≥ 60 to < 90 ml/min/m2, compared to 8.2% of patients on 
insulin glargine. One patient (0.2%) in each group shifted to the category of ≥ 30 to < 60 
ml/min/m2.. No patient shifted to severe renal impairment. Among patients with baseline 
creatinine clearance between ≥ 60 to < 90 ml/min/m2, 6.9% of FCDP patients shifted to 
the category of ≥ 30 to < 60 ml/min/m2., compared to 6.8% of patients on insulin glargine 
and 7.3% of patients on lixisenatide. Two patients (0.9%) on insulin glargine shifted to 
severe renal impairment. Again, these results are difficult to interpret, given the short 
duration of the studies 
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7.4.3 Vital Signs 

No relevant treatment differences were seen in the percent of patients with potentially 
clinically significant abnormalities (PCSA’s) values for blood pressure and heart rate 
between the treatment groups in the phase 3 study pool. Only 2 patients had PCSA 
values for high heart rate (≥120 bpm and increase from baseline ≥20 bpm): 1 patient in 
the FCDP group and 1 patient in the insulin glargine group. 

7.4.4 Electrocardiograms (ECGs) 

The applicant reports that no safety issues or signals were identified in the review of 
ECG abnormalities during the treatment period in any of the treatment groups in the 3 
studies 

7.4.5 Special Safety Studies/Clinical Trials 

NA 

7.4.6 Immunogenicity 

Anti-insulin antibodies (AIA) and anti-lixisenatide antibodies (ADA) data were collected 
in all completed Phase 2/3 studies. The summary and analyses of these antibodies 
were based on data collected during the on-treatment period for antibody analyses. The 
proportion of positive ADA subjects in the FCDP group in the Phase 3 study pool 
increased from baseline over 30 weeks from 4.0% (30 patients) to 42.8% (321 patients), 
and from 5.1% [11 patients] to 56.8% [113 patients] in the lixisenatide group in Study 
EFC12404. The conversion rates from ADA negative at baseline to positive at Week 30 
for the FCDP in the study pool and lixisenatide in Study EFC12404 were 36.1% and 
48.2%, respectively. 
 
In Study EFC12404, which was performed in an insulin naïve population, the 
percentage of patients with a positive AIA status at baseline was extremely low with no 
relevant difference between the FCDP group (0.5%, 2 of 436 patients) and the insulin 
glargine group (0.2%, 1 of 451 patients). At Week 30, a higher percentage of patients in 
the FCDP group compared with the insulin glargine group were AIA positive: 21.0% (90 
of 428) versus 8.9% (38 of 426). In Study EFC12405, performed in a population already 
treated with basal insulin for approximately 3 years, the percentage of patients with a 
positive AIA status at baseline was 12.4%, (42 of 339 patients) in the FCDP group and 
15.0% (51 of 339 patients) in the insulin glargine group.  At Week 30, the percentage of 
AIA positive patients was 26.2% (86 of 328 patients) in the FCDP group and 24.8% (87 
of 351) patients in the insulin glargine group. At Week 30, the rate of conversion from 
AIA negative status at baseline to positive status was 15.2% (50 of 328) for the FCDP 
versus 11.4% (40 of 351) for the insulin glargine group 
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7.5.3 Drug-Demographic Interactions 

Safety explorations for drug-demographic interactions are limited, given the limited 
safety database, short duration of the studies, and a limited number of subjects for 
evaluation in several demographic sub-groups 

7.5.4 Drug-Disease Interactions 

Could not be evaluated. 

7.5.5 Drug-Drug Interactions 

NA 

7.6 Additional Safety Evaluations 

 

7.6.1 Human Carcinogenicity 

NA 

7.6.2 Human Reproduction and Pregnancy Data 

Refer to the DPMH review by DR. Christos Mastriyannis in DARRTs  
 
Reproductive toxicology studies were not conducted with the combination of lixisenatide 
and insulin glargine.  
 
There were no pregnancies reported in the clinical program in patients on the FCDP. 
 
For insulin glargine, the applicant indicates that no clinical data on exposed pregnancies 
from controlled clinical studies are available. Pregnancy outcomes data from1000 
women indicate no specific adverse effects of insulin glargine on pregnancy and no 
specific teratogenic or feto/neonatal toxicity of insulin glargine. It is unknown whether 
insulin glargine is present in human milk. 
 
 

7.6.3 Pediatrics and Assessment of Effects on Growth 

NA 
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7.6.4 Overdose, Drug Abuse Potential, Withdrawal and Rebound 

NA 

7.7 Additional Submissions / Safety Issues 

NA 

8 Postmarket Experience 
The FCDP is not approved for marketing in any country.  There is no available 
postmarketing data. 
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9 Appendices 
 

9.1 Literature Review/References 

Relevant references are included as foot-notes 

9.2 Labeling Recommendations 

Labeling discussions have been initiated at the time this of review , and are still 
ongoing. If approved, the major labeling changes I recommend will be a restricted 
indication for patients on prior basal insulin at doses less than 60Units and  not for 
patients who are insulin naïve or on prior therapy with a GLP1 agonist. The applicant 
has already submitted revised labeling with a single pen presentation.  

9.3 Advisory Committee Meeting 

The Endocrinology and Metabolic Drugs Advisory Committee (EMDAC) consisting of 15 
voting members met on May 25, 2016 to discuss the safety and efficacy of new drug 
applications (NDAs) 208673 for insulin glargine and lixisenatide injection and 208471 for 
lixisenatide injection. The discussion for the questions and vote related to NDA208673 
is reviewed below. 
 
The majority of the committee (12) voted “Yes”, recommending the approval of the 
lixisenatide/glargine fixed-combination drug delivered using the proposed pen devices 
for the treatment of adult patients with type-2 diabetes mellitus.  These members agreed 
that their vote is contingent on the applicant working with the FDA to adequately 
address the concerns about the units of measure term mentioned during the discussion.  
The committee also expressed concerns about color differentiation between the two 
pens for patients with visual impairment.  Two members voted no, based on concerns 
about medication errors related to the measure term and the pen. However, as further 
discussed below, a patient population for whom the therapy could be indicated was not 
clearly identified. 
 
Questions and Discussion: 
1. DISCUSSION:  Discuss the benefit(s) of starting the fixed-combination drug product 

containing lixisenatide and insulin glargine in patients with type 2 diabetes mellitus 
not treated with either a basal insulin or a GLP-1 agonist (i.e., starting two new drugs 
at once).  In your discussion, identify the patient population in whom this use would 
be particularly useful, and address why you would select the fixed-combination over 
use of an available GLP-1 agonist or basal insulin in these patients.  Explain your 
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rationale using data from the briefing materials, presentations, or your own clinical 
experience.  
 
The committee struggled to reach a consensus on what sub-group of patients would 
be better served by the combination injection.  While a firm consensus wasn’t 
obtained, some members suggested that this fixed-ratio product might be of use in 
some insulin naïve patients with a hemoglobin A1C of 8 -10 %, who were concerned 
about weight gain with insulin use.   Most committee members expressed hesitancy 
to start treatment with two medications at once in naïve patients due to the concerns 
of administering unnecessary treatment and exposing patients to a higher risk of 
avoidable adverse events.  Most of the physicians on the committee noted that 
they’d rather treat their patients sequentially to gain a sense of which medication is 
yielding an advantageous or ineffective outcome, and therefore recommended 
indicating the FCDP for patients on prior therapy with a basal insulin or GLP1 
agonist.  Some of the members also felt that initiating therapy with the individual 
components before switching to the FCDP may be an option. 
 

2. DISCUSSION:  Discuss the benefit(s) of using the fixed-combination drug product 
containing lixisenatide and insulin glargine in patients with type 2 diabetes previously 
treated with either a basal insulin or a GLP-1 agonist (i.e., adding a single new drug 
to an existing regimen).  In your answer, identify the patient population in whom use 
of the fixed-combination drug product in this manner would be particularly useful.  
Explain your rationale using data from the briefing materials, presentations, or your 
own clinical experience. 
 
Most of the committee members agreed that this would be the preferred indication 
for the FCDP, but also noted that there was no data available on patients who were 
already on a GLP-1 agonist. The committee recommended that the applicant should 
conduct a study to address this issue.  Although the clinical trials were not designed 
to show a benefit for weight management, several committee members felt that the 
weight neutral effect observed with the FCDP compared to weight gain with the use 
of basal insulin alone was favorable. 
  

3. DISCUSSION:  Discuss clinical concerns related to the use of the fixed-combination 
product which combines a drug that, when used alone, has a wide effective dose 
range and is titrated to effect on a continuous scale (i.e., insulin glargine) with a drug 
that, when used alone, has one or two recommended effective dose(s) (i.e., 
lixisenatide).   
 
Specifically discuss:  

 
a. Issues related to loss of dosing flexibility including but not limited to:  Use of 

potentially ineffective doses of one agent in populations with low insulin 
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requirements, inability to dose the two drugs independently with the device 
presentation proposed, inability to increase the insulin dose beyond 60 units. 
 
The committee was not too concerned about the loss of dosing flexibility with 
the FCDP and the cap of 60 unit for the insulin glargine dose provided by the 
pen. The endocrinologists on the panel noted that in practice most providers 
will re-strategize their approach by adding or substituting with another agent if 
patients needed more than 60 units of insulin.   
 
The committee was also not concerned with the review issues identified by 
the FDA regarding interpretation of study efficacy results i.e. adequacy of 
titration for the insulin glargine arm and the cap on the insulin glargine 
comparator arm at 60U. The committee was also not concerned about the 
contribution of lower than established efficacious doses of lixisenatide to the 
FCDP efficacy response.    

 
b. Issues related specifically to product presentation/devices including but not 

limited to: use errors that may occur in the care setting related to a lack of 
clarity on the amount of each product delivered with each given dose, 
insufficient understanding that, unlike insulin products, the maximum dose for 
the combination is capped, inadequate understanding of the role of the two 
devices. 
 
The committee agreed that the measure term for the FCDP should 
communicate the presence of two active ingredients to providers in all care 
settings. The committee noted currently the measure term is “units”, which 
heightens the concern that the public will only recognize the combination as 
an insulin product.  Thus, the committee advocated for a measure term to 
denote the measuring units of both components (“units and µg”), 
communicating the presence of both insulin glargine and lixisenatide on the 
devices prior to approval. The committee acknowledged the applicant’s efforts 
to provide the public with dose flexibility by incorporating two separate pens.  
However, the panel noted that medication errors are possible.  Overall, the 
committee recommended changing and appropriately labeling the devices so 
that users are aware of the two active ingredients, acknowledge the 
differences of dose per pen, and reduce the probability of prescribing errors.   

 
Reviewer’s Comment: 
As discussed in section 7.3.5.2, DMEPA has also indicated that availability of two 
pens may still be associated with risk that may not be adequately mitigated 
through proprietary names and product labeling. The applicant has submitted a 
revised proposal for a single pen presentation. 
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9.4 Financial Disclosure Review 

Clinical Investigator Financial Disclosure 
 
Application Number:  NDA 208673 

Submission Date(s): December 21, 2015 

Applicant: Sanofi-aventis 

Product:  lixisenatide and insulin glargine fixed-ratio combination 
  
Reviewer:  Suchitra Balakrishnan, MD, PhD 

Date of Review:  July 5, 2016 

Covered Clinical Studies (Name and/or Number):  ACT12374, EFC12404, EFC12405 
 
Was a list of clinical investigators provided:   
 

Yes   No  (Request list from 
applicant) 

Total number of investigators identified:  1496 

Number of investigators who are sponsor employees (including both full-time and 
part-time employees):  None reported  
 
Number of investigators with disclosable financial interests/arrangements (Form FDA 
3455): 20 

If there are investigators with disclosable financial interests/arrangements, identify 
the number of investigators with interests/arrangements in each category (as defined 
in 21 CFR 54.2(a), (b), (c) and (f)):- 

Compensation to the investigator for conducting the studies where the value 
could be influenced by the outcome of the studies:  No 
Significant payments of other sorts:  20 
Proprietary interest in the product tested held by investigator:  No 
Significant equity interest held by investigator in sponsor of covered studies:  
No 

Is an attachment provided with 
details of the disclosable financial 
interests/arrangements:  

Yes  No  (Request details from 
applicant) 
 

Is a description of the steps taken to 
minimize potential bias provided: 

Yes  No  (Request information 
from applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 16 

Reference ID: 3992175
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