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Subject: NDA 209196 (ADMELOG [insulin lispro]) Resubmission

Applicant: Sanofi-aventis

ADMELOG (insulin lispro) is a “follow-on” insulin lispro product that was previously submitted for use  
 to improve glycemic control in patients with diabetes mellitus.  The original 

NDA, which was submitted through the 505(b)(2) pathway, received a tentative approval on September 1, 
2017.  As explained in the tentative approval letter, the applicant notified FDA that it complied with the 
requirements of section 505(b)(3) of the FD&C Act with respect to its paragraph IV certification.  
However, because the 45-day period described in section 505(c)(3)(C) of the FD&C Act has not yet 
expired, final approval could not be granted.  On October 11, 2017, the applicant resubmitted the NDA 
after the 45-day period expired, and confirmed that no action for patent infringement had been brought by 
the NDA holder and/or patent owner for the patent that was the subject of the paragraph IV certification 
within the 45-day period.  No new data has been included in the resubmission.

As discussed in my review from August 31, 2017, the requirements for approval have been met.  A more 
detailed discussion of the findings for efficacy and safety can be found in that review.  Now that the 
outstanding patent-related issue has been resolved, I recommend approval of this NDA.
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Introduction

Sanofi-Aventis (hereafter referred to as the applicant) has submitted new drug application (NDA) 
209196 through the 505(b)(2) regulatory pathway for a follow-on insulin lispro product.  The applicant 
is seeking approval of this insulin lispro product  to improve glycemic 
control in adults and children with diabetes mellitus.

This cross-discipline team leader (CDTL) review will summarize key findings from the involved 
discipline reviews and discuss regulatory issues that had to be considered with respect to labeling of the 
drug product for use in continuous subcutaneous insulin infusion (CSII; i.e., insulin pumps).  I 
recommend tentative approval of this application, because this 505(b)(2) application meets the 
requirements for approval under the Federal, Food, Drug, and Cosmetic Act (FD&C Act), but cannot be 
approved until, at a minimum, the expiration of the 45-day period from the date of receipt of notice of 
the paragraph IV certification sent by the applicant (see section 505(c)(3)(C) of the FD&C Act; 21 CFR 
314.107). 

1. Background

Diabetes mellitus is a condition of impaired glucose homeostasis leading to chronic hyperglycemia.  
Poor glucose control is associated with microvascular (e.g., retinopathy, nephropathy) and 
macrovascular (e.g., myocardial infarction, stroke) complications.  There are two main types of diabetes 
mellitus, type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM).  In T1DM there is 
autoimmune destruction of the pancreatic islets which contain β-cells and produce insulin.  Thus these 
patients do not produce insulin.  In T2DM the predominant pathophysiology is insulin resistance and 
insufficient insulin production to maintain euglycemia.

Therapies developed for the treatment of T1DM and T2DM have generally focused on therapies that can 
lower blood glucose.  The acceptance of this as a surrogate for clinical benefit is based on the prevention 
of the signs, symptoms, and complications of acute and severe hyperglycemia that can occur in patients 
with diabetes mellitus (i.e., polydipsia, polyuria, diabetic ketoacidosis) and from studies1,2 showing that 
improved glycemic control (as assessed using hemoglobin A1c [HbA1c]) results in improved clinical 
outcomes (e.g., reduced risk for retinopathy).

Insulin is an approved therapy for both T1DM and T2DM.  By binding and activating the insulin 
receptor, insulin (or insulin analogs) stimulates glucose uptake.  In T1DM, exogenous insulin therapy is 
essential to replace the insulin production lost as a result of β-cell destruction.  In T2DM, insulin therapy 
supplements endogenous insulin production to overcome the insulin resistance that results in 
hyperglycemia.

1 The Diabetes Control and Complications Trial Research Group.  “The effect of intensive treatment of diabetes on the 
development and progression of long-term complications in insulin-dependent diabetes mellitus”. NEJM, 1993; 329 (14): 
977-986.
2 UK Prospective Study Group.  “Intensive blood-glucose control with sulphonylureas or insulin compared with conventional 
treatment and risk of complications in patients with type 2 diabetes (UKPDS 33)”.  Lancet, 1998; 352 (9131): 837-853.
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Broadly speaking, insulin can be categorized as basal insulin or prandial/bolus insulin.  Basal insulin is 
generally used to provide glycemic control between meals.  Prandial/bolus insulin is generally used to 
attenuate glucose rises that occur following meals.  A listing of approved insulin products is shown 
below in Table 1.  In addition, there are several formulations which combine a basal and prandial/bolus 
insulin (e.g., HUMALOG 75/25).

Table 1: List of approved insulin products
Insulin Category Approved products
Basal Human insulin isophane, insulin glargine, insulin detemir, insulin degludec
Prandial/Bolus Insulin human, insulin lispro, insulin aspart, insulin glulisine 

In this NDA, the applicant is relying, in part, on the Food and Drug Administration’s (FDA’s) previous 
findings of safety and effectiveness for NDA 020563 (HUMALOG [insulin lispro]) to support approval 
of this follow-on insulin lispro product (referred to as SAR342434 in this review).
The applicant has conducted analytical, nonclinical and clinical studies demonstrating sufficient 
similarity between the SAR342434 and Humalog, such that a scientific bridge has been established 
allowing reliance on FDA’s previous findings of safety and effectiveness for Humalog.

The development program was a global program, and study subjects in the comparator arm used either 
the insulin lispro product approved in the European Union (EU) or the Humalog product approved in the 
US.  To support the use of studies comparing the proposed product to the EU-approved insulin lispro, 
the applicant conducted studies establishing a scientific bridge between SAR342434, EU-approved 
insulin lispro, and Humalog, which demonstrated that the three products are sufficiently similar.

2. CMC/Device 

The Chemistry, Manufacturing, and Controls (CMC) review was completed by Dr. Xavier Ysern, Dr. 
Muthukumar Ramaswamy, Dr. Zachary Cusumano, Dr. Jessica Chiaruttini, Dr. Khalid Khan, and Dr. 
Krishna Ghosh.  Review of the to-be-marketed pen injector device was completed by Dr. Sarah Mollo.  
In addition, review of the data to support administration by CSII was reviewed by Dr. Joshua Balsam, 
Dr. Jisun Yi, and Dr. Patricia Beaston.  Findings from these reviews/consults are summarized below.  
For detailed discussion, see the respective primary reviews/consults.

Drug Substance:

The drug substance Review was conducted by Dr. Xavier Ysern.  Dr. Ysern concludes that the drug 
substance information supports approval for this NDA.

Insulin lispro is an insulin analog characterized by reversal of the amino acids at positions 28 and 29 of 
the B-chain of human insulin (see Figure 1).   
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Figure 1: Amino acid sequence of insulin lispro

Source: Excerpted from Figure 1 of discussion of drug substance in Quality Overall Summary (NDA 209196, module 2.3.S)

The manufacturing of SAR342434 is via recombinant DNA technology  
An overview of the drug substance manufacturing 

process is shown in Table S.2.2-1 of Dr. Ysern’s review (see below).  The final drug substance is a 

Dr. Ysern has reviewed the drug substance manufacturing process, process controls, controls for raw 
materials, reagents, and solvents, and cell banks.  Dr. Ysern does not raise any concerns with regard to 
the drug substance.  For detailed discussion, see Dr. Ysern’s drug substance review.

Analytical testing of the drug substance has demonstrated that it meets the USP reference standards for 
insulin lispro.  Amino acid sequencing, mass spectroscopy, and peptide mapping confirmed the structure 
of insulin lispro.  Comparison of SAR342434 to the USP reference standard with respect to UV-Vis, 
CD, FT-IR, and NMR spectroscopy did not identify significant differences.
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Figure 2: Diagram of the proposed insulin lispro pen injector

The General Hospital Devices Branch of the Center for Devices and Radiological Health was consulted 
to review the proposed pen injector.  Dr. Sarah Mollo conducted the review and concluded that the data 
support approval of the pen injector.

The proposed device utilizes the same SoloStar pen injector platform as the applicant’s other insulin 
products.  The pen injector is designed to allow for multiple doses and to allow for selection of variable 
injection volumes.  The pen injector can dial in increments of 1 unit of insulin and has a range of 1-80 
units.  A 2 unit priming dose is needed before each administration.

Specifications of the dose accuracy testing are shown below.  These specifications were based on ISO 
11608-1, section 7.4.5.  Three volumes were tested under varying conditions  

All testing complied with the specification limits for dose accuracy (data not shown).

Source: Excerpted from module 3.2.P.2 “Pen-injector Performance Test – ISO 11608-1  submitted 
on March 6, 2017.

While the to-be-marketed pen injector was not used in the clinical trials, differences between the trial 
device and the to-be-marketed device (e.g., color) were felt to be minimal and did not require further 
testing.

Human factors testing of the pen injector was conducted to confirm that the to-be-marketed pen injector 
can be adequately differentiated from other marketed SoloStar pen injectors.  Human factors 
differentiation study results were acceptable.  For detailed discussion, see Dr. Ariane Conrad’s review.
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Use in Insulin Pumps:

The applicant has proposed that SAR342434 be labeled for use by continuous subcutaneous insulin 
infusion (CSII; i.e., insulin pump therapy).  To support this route of administration, the applicant has 
conducted both in vitro studies to assess the potential for drug-device interactions, and a clinical trial 
(trial PDY13502) to compare the incidence of infusion set occlusions with SAR342434 compared to 
Humalog.  The Office of In Vitro Diagnostics and Radiological Health from the Center for Devices and 
Radiological Health was consulted to review this data and for recommendation on the adequacy of the 
data to support CSII use.

Dr. Joshua Balsam conducted the review of the bench testing and other in vitro assessments to support 
this route of administration.  Extractables and leachables were reviewed by the CMC review team.

The applicant conducted a stability study comparing the stability profile of SAR342434 and Humalog.  
The testing utilized the following insulin pumps and insulin pump components:

Medtronic MiniMed 530G, model 7511 Animas Vibe
Cartridge type: MiniMed Reservoir Paradigm 3mL
Tubing/Infusion set:

The results of this testing yielded a stability profile for SAR342434 that was comparable to that of 
Humalog.   
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Dr. Jisun Yi from the Office of In Vitro Diagnostics and Radiological Health and Dr. Patricia Beaston 
from the General Hospital Devices Branch reviewed the clinical trial (study PDY13502) conducted to 
support administration via CSII.

Study PDY13502 was an open-label, randomized, active-controlled cross-over study of patients with 
T1DM using CSII (Figure 3).  Each treatment period lasted for 4 weeks.  A total of 27 patients with 
T1DM were randomized and treated (13 SAR342434  Humalog; 14 Humalog  SAR342434).  The 
primary objective of the clinical study was to compare to risk of infusion set occlusion with SAR342434 
to Humalog.  The insulin pumps used in this study were Medtronic pumps with 3 mL reservoirs (e.g., 
Medtronic MiniMed 530G Model 751 , the Animas Vibe, 
or OneTouch Ping.  The focus of the discussion here will be on infusion set occlusions.
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Figure 3: Schematic of Design of study PDY13502

Source: Excerpted from Figure 1 of the study report for study PDY13502

Infusion set changes were planned for every 3 days.  Pump reservoir changes were to occur at least once 
every 7 days.  Infusion set changes were to be recorded along with the reason for change in the infusion 
set.  Reasons for infusion set changes other than scheduled change included:

1. Unexplained hyperglycemia (≥ 300 mg/dL) not responsive to CSII administered bolus (i.e., not 
reduced by a least 50 mg/dL within 60 minutes of bolus),

2. Visual occlusion,
3. Pain/swelling at infusion site, and
4. Pump alarm for occlusion.

Dr. Yi and Dr. Beaston have reviewed the study report for study PDY13502.  Based on the data from 
events of ‘unexplained plasma glucose’, both Dr. Yi and Dr. Beaston conclude that the data support the 
proposed infusion set change time of at least every 3 days.

Based on my review of the reasons for infusion set changes, use of SAR342434 appears to be associated 
with a higher incidence of infusion set occlusions when used as outlined in the study (Table 4).
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Table 4: Summary of Possible Infusion Set Occlusions in Study PDY13502
SAR342434

N=25
Humalog

N=27
N (%) # events N (%) # events

Total 1 9 (36) 18 5 (18.5) 10
- Unexplained plasma glucose 2 6 (24) 14 4 (14.8) 9
- Pump alarm for occlusion 2 (8) 2 0 0
- Other 3 2 (8) 2 1 (3.7) 1

1 Does not include infusion set changes due to insertion site issues (e.g., pain, accidental removal of catheter, bent catheter); 2 
Defined as hyperglycemia (≥ 300 mg/dL) not responsive to insulin bolus (i.e., not reduced by a least 50 mg/dL within 60 
minutes of bolus); 3 Included if the description of the reason for change suggests persistent hyperglycemia not meeting 
criteria for ‘unexplained plasma glucose’ (i.e., persistent high glucose (not > 300 mg/dL) that did not decrease by 50 mg/dL 
within 60 minutes of bolus; glucose higher than normal (not > 300 mg/dL) which improved after infusion set change, glucose 
225 to 292 mg/dL for last 4 checks so infusion set/site changed)
N = number of subjects with event; # events = number of events
Source: Based on review of fa.xpt and dm.xpt datasets from study PDY13502

I have discussed the additional cases that I noted with Dr. Yi, and she has provided some additional 
comments on these cases.  Text from Dr. Yi’s additional assessment (from email communication on July 
23, 2017) is excerpted below:

Therefore, from the results of this study, using a broader definition of “occlusion” with regards to 
hyperglycemia and/or pump alarm, does not appear to demonstrate a meaningful clinical difference in 
“occlusion” between the SAR342434 group and Humalog group.  The clinical significance of the 
heightened numerical difference between treatments using the broader definition of “occlusion” is 
debatable.
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Dr. Yi also notes that while there are limitations to the study in terms of design, sample size, duration, 
and number of events she believes that SAR342434 is not associated with a higher risk of infusion set 
occlusion compared to Humalog.  While I note that there were numerically more subjects with infusion 
set occlusions while being treated with SAR342434, I agree with Dr. Yi and Dr. Beaston that the use of 
SAR342434 in insulin pumps does not appear to meaningfully change the rate of occlusions when used 
as studied (i.e., change infusion set every 3 days).  Due to the limitations of the study (i.e., short 
duration, small sample size, etc.), there were too few events and too few subjects with events to robustly 
assess the potential for differences in infusion set occlusions.  The addition or subtraction of 1-2 subjects 
or 1-2 events has a substantial effect on the comparison.  Acknowledging that there are limitations to the 
study, my overall conclusion is that the study supports use of SAR342434 in insulin pumps with 
infusion set changes at least every 3 days.

3. Nonclinical Pharmacology/Toxicology

The nonclinical review was completed by Dr. Daniel Minck.  Findings from his review are summarized 
below.  For a detailed discussion of the nonclinical program, see Dr. Minck’s review.

The nonclinical development program was primarily designed to determine whether there were 
differences between SAR342434 and the relied-upon listed drug, Humalog.  This included comparison 
with Humalog and EU-approved insulin lispro.  The applicant conducted 28 nonclinical studies to 
evaluate pharmacologic activity, toxicology, and local tolerance.

The primary pharmacology studies compared various batches of SAR342434 with both Humalog and 
the EU-approved insulin lispro  in terms of receptor affinity and activation (insulin receptor B [IR-B] 
and IGF-1 receptor [IGF-1R]), metabolic and mitogenic activity, stimulation of autophosphorylation, 
binding affinity and binding kinetics for insulin receptor A (IR-A) and IR-B, metabolic activity (as 
determined by inhibition of lipolysis, stimulation of glucose uptake, and/or gene regulation of glucose-6-
phosphatase).

No biologically meaningful differences were seen for binding affinity for IR-A and IR-B, 
autophosphorylation of IR-A and IR-B, binding kinetics to IR-A and IR-B, measures of metabolic 
activity (e.g., lipolysis, glucose uptake, glucose-6-phosphatase expression), binding affinity for IGF-1R, 
autophosphorylation of IGF-1R, and mitogenic potential.

Toxicokinetic data were generated in 1-month repeat dose toxicity studies.  Exposures were compared 
with Humalog.  Exposure to SAR342434 was considered to be similar to that of Humalog at the doses 
studied.  Other observations in the repeat dose toxicity studies included comparable increases in body 
weight relative to controls, similar increases in feed consumption relative to controls, comparable 
reductions in body weight adjusted liver weight, similar incidence of anti-drug antibody formation.  
Overall, Dr. Minck concludes that toxicity profile is similar to Humalog.

The in vitro activity of SAR342434 was compared to EU-approved insulin lispro and Humalog.  In these 
in vitro studies, comparable activity was shown for the three insulin lispro products.
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The applicant conducted two 1-month repeat-dose toxicity studies.  One of these studies was conducted 
to compare SAR342434 to the EU-approved insulin lispro, and the other was conducted to compare 
SAR342434 to Humalog.  In addition, the applicant conducted a local tolerability study comparing 
SAR342434 to the EU-approved insulin lispro.  No differences were observed in terms of local 
tolerance.

The applicant did not conduct any genetic toxicology studies, carcinogenicity studies, or reproductive 
and developmental toxicity.  For these studies, the applicant is relying on the Agency’s previous 
findings of safety for Humalog.

Overall, Dr. Minck concludes that the nonclinical studies show that SAR342434 is sufficiently similar to 
Humalog, such that the applicant can rely upon the Agency’s previous finding for Humalog, and that the 
data are adequate to support the use of SAR342434 to improve glycemic control in individuals with 
diabetes mellitus.

4. Clinical Pharmacology/Biopharmaceutics 

The clinical pharmacology review was conducted by Dr. S.W. “Johnny” Lau.  Findings from his review 
are summarized below.  For a detailed discussion of the clinical pharmacology data, see Dr. Lau’s 
review.

To support bioequivalence between SAR342434, Humalog, and the EU- approved insulin lispro 
products, the applicant conducted one phase 1 pharmacokinetic/pharmacodynamic study (study 
PDY12704).  This study assessed the pharmacokinetic and pharmacodynamic features of SAR342434 
compared to Humalog and EU-approved insulin lispro via a euglycemic clamp in subjects with T1DM.  
Findings from this study supported a conclusion of bioequivalence between all three insulin lispro 
products.

In study PDY12704, the applicant demonstrated comparable pharmacokinetic and pharmacodynamic 
profiles following a single subcutaneous injection of 0.3U/kg of SAR342434, Humalog, or EU-approved 
insulin lispro (see Figure 2 and Figure 3 of Dr. Lau’s clinical pharmacology review, excerpted below).
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These data support the scientific bridge between SAR342434 and Humalog that justifies reliance upon 
the Agency’s previous findings for Humalog, and provide support for the use of data from the phase 3 
studies comparing SAR342434 and the EU-approved insulin lispro, in addition to the phase 3 study data 
comparing SAR342434 and Humalog.

5. Clinical Microbiology 

Not applicable.

6. Clinical/Statistical- Efficacy

The efficacy review was completed by Dr. Roberto Crackel.  The conclusions on efficacy are 
summarized below.  For a detailed discussion, see Dr. Crackel’s statistical review.

To support this NDA, the applicant conducted two phase 3 studies.  The two studies are briefly 
described in Table 5.  Both studies were conducted similarly (Figure 4, Figure 5) with the main 
difference being the population (T1DM in study EFC12619, T2DM in study EFC13403), HbA1c entry 
criterion (7 to 10% in study EFC12619, 6.5 to 10% in study EFC13403), and the inclusion of a 6-month 
safety extension in study EFC12619.

Table 5: Summary Description of Phase 3 studies
Study EFC12619 Study EFC13403

Design: Randomized, open-label, parallel group Randomized, open-label, parallel group
Duration: 6 months for efficacy with additional 6 month safety 

extension
6 months

Objective: Non-inferiority of SAR342434 vs. an approved 
insulin lispro product (i.e., Humalog KwikPen and 
EU-approved insulin lispro) on glycemic control
- Measured using change in HbA1c from baseline 

with non-inferiority margin of 0.3%

Non-inferiority of SAR342434 vs. an approved 
insulin lispro product (i.e., Humalog KwikPen and 
EU-approved insulin lispro) on glycemic control
- Measured using change in HbA1c from baseline 

with non-inferiority margin of 0.3%
Population: Adults with T1DM using insulin glargine in 

combination with meal time insulin
Adults with T2DM using insulin glargine in 
combination with meal time insulin

Subjects: SAR 342424: N = 253
Approved insulin lispro: N = 254

SAR 342424: N = 253
Approved insulin lispro: N = 252

Source: Adapted from Table 1 of the Summary of Clinical Efficacy submitted to NDA 209196

The applicant has selected a non-inferiority margin of 0.3% based on published recommendations from 
the EMA4 and FDA5.

4 Guideline on clinical investigations of medicinal products in the treatment of diabetes mellitus.  Committee for Medicinal 
Products for Human Use, May 14, 2012 
(http://www.ema.europa.eu/docs/en GB/document library/Scientific guideline/2012/06/WC500129256.pdf)
5 Guidance for Industry: Diabetes Mellitus: Developing Drugs and Therapeutic Biologics for Treatment and Prevention.  
Food and Drug Administration, February 2008 
(https://www fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM071624.pdf)
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Figure 4: Schematic of Design of Study EFC12619

Source: Excerpted from Figure 1 of the study report for study EFC12619

Figure 5: Schematic of Design of Study EFC13403

HbA1c at screening between 6.5% and 10%
Source: Excerpted from section 1.1 of the protocol for study EFC13403

Insulin dose (both for basal and prandial insulin) was allowed to be titrated in both studies.  The 
approach to titration was similar in both studies (Table 6).  Prespecified glycemic targets were included 
in the study protocol with investigators allowed some leeway in terms of individual targets and for 
hypoglycemia.  Specific dose adjustments were not provided, but rather the insulin dose adjustment was 
left to the investigator and local practice.  The only guidance provided was with respect to adjustment of 
the insulin glargine dose.  Dose adjustments for insulin glargine were to be based on the median fasting 
glucose value from the preceding 3 to 4 days, and the dose increase could not exceed 10% of the prior 
dose.
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Table 6: Glucose targets to guide insulin titration in study EFC12619 and EFC13403
Fasting glucose target: 80 to 130 mg/dL
Postprandial glucose target 1: 120 to 160 mg/dL

1 postprandial target defined as two hours after start of meal
Source: Adapted from section 1.4.2.6.2 of the Summary of 
Clinical Efficacy submitted to NDA 209196

In an attempt to insure adequate titration, an internal insulin oversight committee reviewed compliance 
with glucose targets and insulin dose adjustment.  Study sites could be queried by this group in the event 
of frequent hypoglycemia, lack of compliance, and to provide additional training or support.

Patient demographics were generally balanced between treatment arms (see Table 3 [study EFC12619] 
and Table 6 [study EFC13403] from Dr. Crackel’s review, excerpted below).

Source: Excerpted from Dr. Crackel’s statistical review and addendum to statistical review

The protocol specified analysis for the primary endpoint used a mixed model for repeated measurements 
(MMRM) on the intent-to-treat (ITT) population (i.e., all randomized subjects, irrespective of 
compliance with study protocol or procedures).

Dr. Crackel notes that the applicant’s primary analysis only used those subjects who took one dose of 
study drug and had efficacy from a post-baseline landmark visit (i.e., randomized subjects that withdrew 
prior to week 12 were not included in the analysis).  The preferred primary analysis would include data 
from all randomized subjects and should include data after discontinuation.  However, there was 
minimal collection of data after treatment discontinuation in both studies.  The amount of missing data 
was 4.1% in study EFC12619 and 8.3% in study EFC13403.  To account for this missing data, Dr. 
Crackel has used a “return-to-baseline” analysis (i.e., multiple imputation modeling missing 26-week 
measurements similar to baseline value).
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No formal statistical testing was conducted for secondary endpoints.  Multiplicity adjustments only 
included a hierarchical testing procedure to test for non-inferiority of Humalog KwikPen compared to 
SAR342434 after demonstrating non-inferiority of SAR342434 compared to Humalog KwikPen.

Both the applicant’s specified primary analysis and Dr. Crackel’s preferred primary analysis 
demonstrated non-inferiority of SAR342434 compared to Humalog KwikPen (see Table 7 and Table 8 
of Dr. Crackel’s review, excerpted below).  This conclusion is supported by additional sensitivity 
analyses conducted by Dr. Crackel (see the Appendix of Dr. Crackel’s statistical review for details).

Note: Humalog here refers to subjects treated with Humalog KwikPen and EU-approved insulin lispro
Source: Excerpted from Dr. Crackel’s statistical review

Dr. Crackel has compared treatments by source of the insulin lispro comparator (i.e., Humalog KwikPen 
or EU-approved insulin lispro).  In considering the sub-group using Humalog KwikPen, it appears that 
there is no interaction by region and that non-inferiority is demonstrated for SAR342434 compared to 
Humalog KwikPen (Table 7).
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Table 7: Comparison of SAR342434 with Humalog KwikPen and EU-approved insulin lispro
Study EFC12619:

Study EFC13403

Note: Humalog refers to Humalog KwikPen for the US region, and refers to EU-approved insulin lispro for the Europe region
Source: Adapted from Table 11 and Table 12 of Dr. Crackel’s statistical review

Dr. Crackel recommends approval of NDA 209196 based on demonstration of non-inferiority to 
Humalog KwikPen.  I agree that SAR342434 has demonstrated non-inferiority to Humalog KwikPen.  
The efficacy data are sufficiently similar that the applicant can rely upon the previous findings for 
Humalog KwikPen.

7. Safety

The safety review was completed by Dr. Sonia Doi.  Safety findings are summarized below.  As the 
populations of the two phase 3 clinical studies differ (i.e., T1DM in study EFC12619 vs. T2DM in study 
EFC13403), safety data are discussed separately rather than pooled.  For a detailed discussion of safety, 
see Dr. Doi’s clinical review.

For assessments of safety, the applicant defined a population of subjects consisting of all patients 
randomized that received at least one dose of study drug.  The overall exposure to SAR342434 and to 
“approved insulin lispro” (i.e., Humalog KwikPen and EU-approved insulin lispro) 6 was generally 
similar between treatment arms (Table 8).

6 References to “approved insulin lispro” in this section represent the pooled data for Humalog Kwikpen and EU-approved 
insulin lispro from the phase 3 studies.

Reference ID: 4146989



NDA 209196 (SAR342434 [insulin lispro])
Cross Discipline Team Leader Review

Page 22 of 45 22

Table 8: Description of Exposure to Study Drug
Summary of Exposure in EFC12619 (T1DM) SAR342434

N=252
Approved insulin lispro1

N=254
Cumulative exposure (pt-yrs) 237.11 241.93
Mean duration of treatment (days) 354.04 353.46
Median duration of treatment (days) 364 364

Summary of Exposure in EFC13403 (T2DM) SAR342434
N=253

Approved insulin lispro1

N=252
Cumulative exposure (pt-yrs) 116.99 119.5
Mean duration of treatment (days) 172.3 176
Median duration of treatment (days) 182 182
1 refers to Humalog KwikPen subjects and EU-approved insulin lispro subjects
pt-yrs = patient-years
Source: Adapted from Table 18 of the 12-month study report for study EFC12619, and Table 17 of the study report for study 
EFC13403

The applicant has presented safety analyses primarily based from the on-treatment period.  This period is 
defined by the applicant as the time period from first injection of study drug until 1 day after the last 
injection of study drug.  The applicant selected this period for their safety analyses based on 
consideration of the short half-life of insulin lispro (t1/2 1.48 hours with median wash-out period of 7 
hours).  While this approach is reasonable, in some analyses I considered a broader time period which 
included all adverse events after start of study drug (even after discontinuation of study drug) in my 
review of the data.

Deaths and Serious Adverse Events:

- Deaths:

There is no evidence of an increased risk for death with SAR342434 compared to the approved insulin 
lispro (Table 9).  Dr. Doi has reviewed all the narratives for the deaths and has concluded that there is no 
clear causal association with study drug for any of these events.

Table 9: Deaths1 in SAR342434 Development Program
SAR342434 Approved insulin lispro2

Study EFC12619 N=252 N=254
 Deaths, (%) 1 (0.4) 0

Study EFC13403 N=253 N=252
 Deaths, (%) 1 (0.4) 3 (1.2)

1 Includes all deaths occurring after exposure to study drug (including ‘post-study’); 2 refers to Humalog KwikPen subjects 
and EU-approved insulin lispro subjects
Source: Adapted from review of section 4.1.5 of the Summary of Clinical Safety

- Serious Adverse Events:

In my assessment of serious adverse events (SAEs), all SAEs that occurred after randomization were 
considered regardless of time from last dose of study drug.  As a result, my tabulations consider events 
that occurred during the ‘on-treatment’ and ‘post-treatment’ periods.
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o Study EFC12619

Considering all serious adverse events (SAEs) that occurred after initiation of study drug, 19 (7.5%) 
subjects treated with an approved insulin lispro and 21 (8.3%) subjects treated with SAR342434 
experienced at least on SAE.  A total of 74 SAEs were reported in the approved insulin lispro arm and a 
total of 68 SAEs were reported in the SAR342434 arm.

Examining the type of SAEs that were reported in study EFC12619, there was no apparent imbalance 
between treatments.  The SAEs reported in more than one subject from the SAR342434 arm were 
comparable between treatments and appear to be related to underlying disease and expected 
complications (Table 10).

Table 10: Serious adverse events occurring in ≥ 2 subjects treated with SAR342434 in study 
EFC12619

- Includes all events occurring after exposure to study drug (i.e., on-treatment and post-treatment)
SAR342434

N=252
Approved insulin lispro1

N=254Preferred Term
n % # n % #

Hypoglycemic unconsciousness 6 (2.4) 21 6 (2.4) 18
Hypoglycemia 3 (1.2) 10 3 (1.2) 6
Accidental overdose 3 (1.2) 5 2 (0.8) 3
Diabetic ketoacidosis 2 (0.8) 4 2 (0.8) 4
1 refers to Humalog KwikPen subjects and EU-approved insulin lispro subjects
n=number of subjects with event; % = incidence; # = number of events
Source: Based on review of ADAE.xpt submitted to the 12 month study report for study EFC12619

o Study EFC13403

Considering all serious adverse events (SAEs) that occurred after initiation of study drug, 27 (10.7%) 
subjects treated with an approved insulin lispro and 14 (5.5%) subjects treated with SAR342434 
experienced at least one SAE.  A total of 75 SAEs were reported in the approved insulin lispro arm and 
a total of 36 SAEs were reported in the SAR342434 arm.

Examining the type of SAEs that were reported in study EFC12619, there was no apparent imbalance 
between treatments.  The SAEs reported in more than one subject from the SAR342434 arm were not 
markedly different between treatments (Table 11).

Table 11: Serious adverse events occurring in ≥ 2 subjects treated with SAR342434 in study 
EFC13403

- Includes all events occurring after exposure to study drug (i.e., on-treatment and post-treatment)
SAR342434

N=253
Approved insulin lispro1

N=252Preferred Term
n % # n % #

Pneumonia 2 (0.8) 6 1 (0.4) 2
Pancreatitis 2 (0.8) 2 0 0.0 0

Reference ID: 4146989



NDA 209196 (SAR342434 [insulin lispro])
Cross Discipline Team Leader Review

Page 24 of 45 24

Preferred Term
SAR342434

N=253
Approved insulin lispro1

N=252
n % # n % #

Hypoglycemic unconsciousness 2 (0.8) 6 0 0.0 0
1 refers to Humalog KwikPen subjects and EU-approved insulin lispro subjects
n=number of subjects with event; % = incidence; # = number of events
Source: Based on review of ADAE.xpt submitted to the study report for study EFC13403

Common Adverse Events:

- Study EFC12619

In general, treatment emergent adverse events were balanced between treatment arms (Table 12).  A few 
High Level Terms (HLTs) were found to have an apparent imbalance with more events occurring with 
SAR342434.

The HLT ‘Fungal infections NEC’ was seen more commonly with SAR342434.  In review of the 
Preferred Terms (PTs) that fall under this HLT, it appears that the difference is driven by the terms 
‘Onychomycosis’ (3 with SAR342434 vs. 1 with approved insulin lispro) and ‘Fungal infection’ (2 with 
SAR342434 vs. 1 with approved insulin lispro).  The other PTs reported under this HLT were either 
balanced between treatments or only reported by one subject.  I do not find this small imbalance in this 
HLT to be concerning.

An apparent increase in events for the HLTs ‘Cardiac signs and symptoms NEC’ and ‘Circulatory 
collapse and shock’ was also noted.  The PT which drove this difference was ‘Dizziness’ in both cases 
(4 subjects with SAR342434 vs. 1 subject with approved insulin lispro).  As dizziness is a non-specific 
symptom and the overall number of events is small, I do not find the small imbalance in this HLT to be 
concerning.

Table 12: Treatment-emergent adverse events reported in ≥ 2% of subjects treated with 
SAR342434 by High Level Term in study EFC12619

- Includes all events occurring after exposure to study drug (i.e., on-treatment and post-treatment)
SAR342434

N=252

Approved insulin 
lispro1

N=254
System Organ Class

- High Level Term
n % n %

Infections and infestations 83 (32.9) 81 (31.9)
- Upper respiratory tract infections 59 (23.4) 47 (18.5)
- Upper respiratory tract infections NEC 59 (23.4) 47 (18.5)
- Gastric and gastroenteric infections 9 (3.6) 11 (4.3)
- Abdominal and gastrointestinal infections 8 (3.2) 8 (3.1)
- Lower respiratory tract and lung infections 8 (3.2) 6 (2.4)
- Lower respiratory tract infections NEC 8 (3.2) 6 (2.4)
- Fungal infections NEC 8 (3.2) 2 (0.8)
- Oral soft tissue infections 7 (2.8) 6 (2.4)
- Urinary tract infections 5 (2) 4 (1.6)
- Skin and subcutaneous tissue fungal infections 5 (2) 3 (1.2)

Musculoskeletal and connective tissue disorders 24 (9.5) 21 (8.3)
- Musculoskeletal and connective tissue pain and discomfort 11 (4.4) 8 (3.1)
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System Organ Class
- High Level Term

SAR342434
N=252

Approved insulin 
lispro1

N=254
n % n %

Nervous system disorders 24 (9.5) 20 (7.9)
- Headaches NEC 7 (2.8) 6 (2.4)
- Hypoglycemic conditions NEC 6 (2.4) 7 (2.8)
- Disturbances in consciousness NEC 6 (2.4) 6 (2.4)
- Cardiac signs and symptoms NEC 5 (2) 1 (0.4)
- Circulatory collapse and shock 5 (2) 1 (0.4)

Injury, poisoning and procedural complications 18 (7.1) 27 (10.6)
- Muscle, tendon and ligament injuries 6 (2.4) 4 (1.6)

Gastrointestinal disorders 18 (7.1) 27 (10.6)
- Nausea and vomiting symptoms 5 (2) 7 (2.8)

Respiratory, thoracic and mediastinal disorders 14 (5.6) 9 (3.5)
- Coughing and associated symptoms 5 (2) 2 (0.8)

1 refers to Humalog KwikPen subjects and EU-approved insulin lispro subjects
Source: Based on review of ADAE.xpt submitted to the 12 month study report for study EFC12619

The most common adverse events by PT are shown in Table 13.  The events are generally balanced 
when comparing the SAR342434 arm and the approved insulin lispro arm.

Table 13: Treatment-emergent adverse events reported in ≥ 2% of subjects treated with 
SAR342434 by Preferred Term in study EFC12619

- Includes all events occurring after exposure to study drug (i.e., on-treatment and post-treatment)
SAR342434

N=252
Approved insulin lispro1

N=254Preferred Term
n % n %

Nasopharyngitis 34 (13.5) 29 (11.4)
Upper respiratory tract infection 15 (6) 14 (5.5)
Gastroenteritis 7 (2.8) 7 (2.8)
Headache 7 (2.8) 6 (2.4)
Bronchitis 7 (2.8) 5 (2)
Back pain 7 (2.8) 3 (1.2)
Hypoglycemic unconsciousness 6 (2.4) 6 (2.4)
Pharyngitis 6 (2.4) 5 (2)
Sinusitis 5 (2) 4 (1.6)
Cough 5 (2) 2 (0.8)
1 refers to Humalog KwikPen subjects and EU-approved insulin lispro subjects
Source: Based on review of ADAE.xpt submitted to the 12 month study report for study EFC12619

- Study EFC13403

In general, treatment emergent adverse events were balanced between treatment arms (Table 14).  The 
HLT ‘Disturbances in consciousness NEC’ was noted to occur more commonly with SAR342434 than 
with the approved insulin lispro.  In review of the associated PTs, no marked difference was seen by PT 
though ‘Hypoglycemic unconsciousness’ and ‘Lethargy’ were each reported in 2 subjects treated with 
SAR342434 and 0 subjects treated with the approved insulin lispro.  I am not concerned by this 
difference in the incidence of the HLT ‘Disturbances in consciousness NEC’.
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Table 14: Treatment-emergent adverse events reported in ≥ 2% of subjects treated with 
SAR342434 by High Level Term in study EFC13403

- Includes all events occurring after exposure to study drug (i.e., on-treatment and post-treatment)
SAR342434

N=253

Approved insulin 
lispro1

N=252
System Organ Class

- High Level Term
n % n %

Infections and infestations 53 (20.9) 43 (17.1)
- Upper respiratory tract infections 23 (9.1) 15 (6)
- Upper respiratory tract infections NEC 23 (9.1) 15 (6)
- Lower respiratory tract and lung infections 8 (3.2) 8 (3.2)
- Lower respiratory tract infections NEC 8 (3.2) 8 (3.2)
- Viral upper respiratory tract infections 6 (2.4) 5 (2)
- Urinary tract infections 5 (2) 8 (3.2)
- Influenza viral infections 5 (2) 5 (2)

Musculoskeletal and connective tissue disorders 22 (8.7) 21 (8.3)
- Musculoskeletal and connective tissue pain and discomfort 12 (4.7) 11 (4.4)

Nervous system disorders 23 (9.1) 19 (7.5)
- Headaches NEC 6 (2.4) 5 (2)

Gastrointestinal disorders 22 (8.7) 24 (9.5)
- Nausea and vomiting symptoms 6 (2.4) 3 (1.2)
- Diarrhea (excl infective) 5 (2) 4 (1.6)

General disorders and administration site conditions 12 (4.7) 15 (6)
- Heart failure signs and symptoms 6 (2.4) 5 (2)
- Edema NEC 5 (2) 3 (1.2)
- Total fluid volume increased 5 (2) 3 (1.2)

Nervous system disorders 23 (9.1) 19 (7.5)
- Disturbances in consciousness NEC 5 (2) 2 (0.8)

1 refers to Humalog KwikPen subjects and EU-approved insulin lispro subjects
Source: Based on review of ADAE.xpt submitted to the study report for study EFC13403

The most common adverse events by PT are shown in Table 15.  The events are generally balanced 
when comparing the SAR342434 arm and the approved insulin lispro arm.  While nasopharyngitis was 
reported more commonly with SAR342434, I believe that this is likely a chance findings and I do not 
believe this to be a major safety concern.

Table 15: Treatment-emergent adverse events reported in ≥ 2% of subjects treated with 
SAR342434 by Preferred Term in study EFC13403

- Includes all events occurring after exposure to study drug (i.e., on-treatment and post-treatment)
SAR342434

N=253
Approved insulin lispro1

N=252Preferred Term
n % n %

Nasopharyngitis 11 (4.3) 5 (2)
Headache 6 (2.4) 5 (2)
Musculoskeletal pain 6 (2.4) 3 (1.2)
Bronchitis 5 (2) 5 (2)
Influenza 5 (2) 5 (2)
Diarrhea 5 (2) 4 (1.6)
Edema peripheral 5 (2) 3 (1.2)
1 refers to Humalog KwikPen subjects and EU-approved insulin lispro subjects
Source: Based on review of ADAE.xpt submitted to the study report for study EFC13403
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Adverse Events of Interest:

- Hypoglycemia:

In the assessment of hypoglycemia, the applicant has utilized a variety of categories based on the 
American Diabetes Association and Endocrine Society Workgroup Report 7.  These categories and a 
description of each category can be found in Table 16.  The applicant has also utilized a second, lower 
glucose value (i.e., 54 mg/dL) for purposes of assessing some of the hypoglycemia categories (i.e., 
documented symptomatic and asymptomatic).  Additionally, a composite category consisting of severe 
hypoglycemia and events with a measured plasma glucose < 70 mg/dL or < 54 mg/dL was analyzed the 
applicant.  I will not be discussing these composites in my discussion of hypoglycemia.

Table 16: Hypoglycemia Categories
Category Description
Severe Requires 3rd party assistance to actively administer carbohydrate, glucagon, or other 

resuscitative action.
- Assistance out of kindness is not considered “required assistance”
- Glucose measurement may not be available, but recovery after normalization of 

plasma glucose provides evidence that event was due to hypoglycemia.
Documented symptomatic Typical symptoms of hypoglycemia (e.g., increased sweating, nervousness, tremor, 

dizziness, palpitations) with measured plasma glucose ≤ 70 mg/dL.
Asymptomatic Measured plasma glucose ≤ 70 mg/dL without typical symptoms of hypoglycemia
Probable symptomatic Typical symptoms of hypoglycemia without measured plasma glucose
Relative
- aka pseudo-hypoglycemia

Typical symptoms of hypoglycemia with measured plasma glucose > 70 mg/dL

Hypoglycemia data is presented for the on-treatment period.  Given the short duration of action of 
SAR342434, this is reasonable to capture the effects of study drug.  Inclusion of events after 
discontinuation of study drug may not reflect an effect of study drug for this adverse event.

o Study EFC12619 (T1DM)

The incidence of hypoglycemia was comparable between the two treatment arms both at 6 months and at 
12 months (Table 17).  Hypoglycemia event rates were also comparable between treatment arms with 
the exception of event-rates for ‘severe hypoglycemia’ where a higher event-rate was reported for the 
SAR342434 arm compared to the arm treated with the approved insulin lispro.

7 Seaquist ER, et al., “Hypoglycemia and diabetes: a report of a workgroup of the American Diabetes Association and The 
Endocrine Society”.  Diabetes Care.  2013; 36: 1384-1395.
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Table 17: Incidence of hypoglycemia in study EFC12619 (on-treatment)
SAR342434

N=252
Approved insulin lispro1

N=254

N (%) # events (per 
pt-yr) N (%) # events (per 

pt-yr)
From 6 month study report
Any hypoglycemia 249 (98.8) 12097 (98.53) 253 (99.6) 12779 (101.61)
Severe hypoglycemia 20 (7.9) 148 (1.21) 19 (7.5) 39 (0.31)
Documented symptomatic hypoglycemia

- ≤ 70 mg/dL 214 (84.9) 4348 (35.42) 225 (88.6) 4729 (37.6)
- ≤ 54 mg/dL 159 (63.1) 889 (7.24) 177 (69.7) 1016 (8.08)

From 12 month study report
Any hypoglycemia 250 (99.2) 21581 (90.71) 254 (100) 22734 (92.7)
Severe hypoglycemia 34 (13.5) 174 (0.73) 34 (13.4) 69 (0.28)
Documented symptomatic hypoglycemia

- ≤ 70 mg/dL 220 (87.3) 6985 (29.36) 228 (89.8) 7692 (31.37)
- ≤ 54 mg/dL 177 (70.2) 1497 (6.29) 193 (76) 1681 (6.85)

1 refers to Humalog KwikPen subjects and EU-approved insulin lispro subjects
# events = number of events; pt-yr = patient-year
Source: Adapted from Table 19 and Table 20 of the 6 month study report for study EFC12619 and Table 19 and Table 20 of 
the 12 month study report for study EFC12619

While the higher event rate of severe hypoglycemia with SAR342434 initially appears concerning, it 
should be noted that the difference in the number of severe events is due to a single subject reporting an 
unusually high number of severe hypoglycemia events (122 severe hypoglycemia events over the 12 
month study [119 in first 6 months, 3 in second 6 months]).  In review of this subject’s hypoglycemia 
events, the applicant notes several potential contributory factors to the abnormally high number of 
severe hypoglycemia events including a diagnosis of bipolar disorder not treated with medication, 
gastroparesis, frequently skipped meals, and self-titration of insulin doses.  Further, the investigator 
noted that while the subject reported that assistance was provided for the events, assistance may not 
have actually been required for all of the events.  Notably, the applicant reports that the subject was re-
educated with respect to what qualifies as ‘severe hypoglycemia’.  Following that, the number of events 
from that subject dropped (i.e., 3 events in second 6 months).

Excluding this subject and the subject’s events leads to the event-rate for SAR342434 being comparable 
to that seen with the approved insulin lispro product (0.2 events per pt-yr with SAR342434 vs 0.3 events 
per pt-yr with approved insulin lispro at 6 months; 0.22 events per pt-yr with SAR342434 vs 0.28 events 
per pt-yr with approved insulin lispro at 12 months).  Based on these values, there is no marked 
difference between treatment arms.

Based on my review of the hypoglycemia data from study EFC12619, I agree with the applicant that 
exclusion of the hypoglycemia data from the outlier subject is appropriate and provides the more 
accurate assessment of hypoglycemia incidence and event-rate.  Neither the incidence of hypoglycemia 
nor the event-rate of hypoglycemia was notably different between treatment arms.

o Study EFC13403 (T2DM)

The overall incidence and event-rate of hypoglycemia was slightly higher in the arm treated with the 
approved insulin lispro product compared to the arm treated with SAR342434 (Table 18).  However, the 
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incidence and event-rate of ‘severe hypoglycemia’ was slightly higher with SAR342434 compared to 
the arm treated with the approved insulin lispro. While these small numerical differences were noted, I 
believe that the overall risk of hypoglycemia is comparable for the two treatments.

Table 18: Incidence of hypoglycemia in study EFC13403 (on-treatment)
SAR342434

N=253
Approved insulin lispro1

N=252

N (%) # events (per 
pt-yr) N (%) # events (per 

pt-yr)
Any hypoglycemia 173 (68.4) 1992 (16.78) 188 (74.6) 2254 (18.59)
Severe hypoglycemia 6 (2.4) 9 (0.08) 4 (1.6) 4 (0.03)
Documented symptomatic hypoglycemia

- ≤ 70 mg/dL 152 (60.1) 1345 (11.33) 167 (66.3) 1478 (12.19)
- ≤ 54 mg/dL 73 (28.9) 193 (1.63) 69 (27.4) 196 (1.62)

1 refers to Humalog KwikPen subjects and EU-approved insulin lispro subjects
# events = number of events; pt-yr = patient-year
Source: Adapted from Table 18 and Table 19 of the study report for study EFC13403

- Injection-Site Reactions and Allergic Reactions:

As with other insulin products, there is a potential for allergic reactions with SAR342434.  These can 
include local reactions (e.g., injection-site reactions) to serious, systemic reactions (e.g., anaphylaxis).  
Injection site reactions and hypersensitivity were captured as adverse events in the case report form and 
identified using a search of MedDRA terms 8,9.  Possible allergic reactions were captured using a 
dedicated form.  An Allergic Reaction Assessment Committee (ARAC) was established to review 
possible allergic reactions and to evaluate a possible relationship to study drug.

o Study EFC12619

 Injection Site Reactions:

A total of six injection site reactions (3 [1.2%] subjects treated with SAR342434 with 1 event each, 3 
[1.2%] subjects treated with approved insulin lispro with 1 event each) were identified in the 12-month 
study period.  The small number of events limits any conclusions in terms of increased risk with 
SAR342434 compared to the approved insulin lispro.  Additionally, the small number of events limits 
any assessment of relationship with anti-insulin antibodies.  However, there does not appear to be an 
increased risk for injection site reactions with SAR342434 in patients with T1DM.

 Hypersensitivity and Allergic Reactions:

Based on MedDRA queries, the incidence of hypersensitivity and allergic reactions was 6% (n=15) with 
SAR342434 and 6.3% (n=16) with approved insulin lispro.  

8 Injection site reactions: under HLGT “Administration site reactions” and HLTs “Administration site reactions NEC”, 
“Injection site reactions”, “Infusion site reactions” and “Application and instillation site reactions” and excluding HLTs 
“Implant and catheter site reactions” and “Vaccination site reactions”
9 Hypersensitivity reactions: Angioedema standardized MedDRA query (SMQ) [Narrow], Severe cutaneous adverse reactions 
SMQ [Broad], Hypersensitivity SMQ [Broad and Narrow] and excluding PTs related to administration, application, injection 
and infusion sites. Includes HLT “Anaphylactic Responses”
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A total of 34 possible events were referred to the ARAC for review.  Adjudication was performed for 14 
(6 events in the SAR342434 group, 8 in the approved insulin lispro group).  The other events were not 
adjudicated as the ARAC deemed the reported event sufficiently specific that adjudication was not 
necessary and that none of these were hypersensitivity events.  Of the 14 adjudicated events, only 2 were 
judged to be hypersensitivity events by the ARAC.  Both of those events occurred in the group treated 
with the approved insulin lispro.

Based on the information from study EFC12619, there does not appear to be an increased risk for 
allergic and/or hypersensitivity events with SAR342434 compared to the approved insulin lispro.

o Study EFC13403

 Injection Site Reactions:

A total of six injection site reactions were reported (1 [0.4%] subject treated with SAR342434 with 2 
events, 4 [1.6%] subjects treated with approved insulin lispro with 1 event each) during the 6-month 
study period.  The small number of events limits any conclusions in terms of increased risk with 
SAR342434 compared to the approved insulin lispro.  Additionally, the small number of events limits 
any assessment of relationship with anti-insulin antibodies.  However, there does not appear to be an 
increased risk for injection site reactions with SAR342434 in patients with T2DM.

 Hypersensitivity and Allergic Reactions:

Based on MedDRA queries, the incidence of hypersensitivity and allergic reactions was 4% (n=10) with 
SAR342434 and 3.6% (n=9) with approved insulin lispro.  

A total of 24 possible events were referred to the ARAC for review.  Adjudication was performed for 16 
(8 events in the SAR342434 group, 8 in the approved insulin lispro group).  The other events were not 
adjudicated as the ARAC deemed the reported event sufficiently specific that adjudication was not 
necessary and that none of these were hypersensitivity events.  Of the 16 adjudicated events, 4 (1.6%) 
events in the SAR342434 group and 3 (1.2%) events from the approved insulin lispro group were judged 
to be hypersensitivity events by the ARAC.

Based on the information from study EFC13403, there does not appear to be an increased risk for 
allergic and/or hypersensitivity events with SAR342434 compared to the approved insulin lispro.

- Immunogenicity:

Insulin has the potential to elicit an immune response leading to the development of anti-insulin 
antibodies (AIAs).  This can occur to endogenous insulin (i.e., as seen in T1DM) or to exogenous 
insulin.  To evaluate the immunogenic response to SAR342434, AIAs were measured in the phase 3 
studies.

Dr. Brian Roelofs of the Office of Biologic Products has reviewed the applicant’s assay.  The applicant 
has utilized a radioimmunoprecipitation (RIPA) method to detect AIAs.  Based on review of the 
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provided data, Dr. Roelof’s concludes that the assay is appropriate to detect AIAs.  For a detailed 
discussion of the assay, see Dr. Roelof’s Immunogenicity Consult.

Immunogenicity was reported based the anti-insulin antibody response after start of study drug.  This 
was reported using the following definitions:

Treatment-induced: Subjects with negative antibody assessments at baseline who developed positive antibody 
assessments after starting study drug

Treatment-boosted: Subjects with positive antibody assessments at baseline with an increase in titer (at least 4-fold) 
after starting study drug

Treatment-emergent: Combination of treatment-induced and treatment-boosted
Inconclusive: Subjects that could not be clearly categorized as not treatment-induced or treatment-boosted

Assessments with regard to antibody titers were conducted using both the last on-treatment value, and 
the maximal titer.  The data presented by the applicant are based on the ‘on-treatment’ period.  For my 
discussion of potential clinical implications of AIAs, I will focus on the findings based on subjects with 
treatment-emergent AIAs at any point during the ‘on-treatment’ period.

o Study EFC12619

Nearly half of the study population from study EFC12619 had AIAs at baseline (Table 19).  This 
appears consistent with what might be expected given the population (i.e., T1DM) and previous use of 
insulin therapy.  The incidence of treatment-emergent AIAs was generally similar between treatment 
arms.  This remained true for both treatment-induced AIAs and treatment-boosted AIAs.  

Table 19: Incidence of treatment-emergent anti-insulin antibodies in study EFC12619
SAR342434 Approved insulin lispro1

n/N % n/N %
AIA positive at baseline 118/248 47.6 124/252 49.2

- Treatment-boosted 19/118 16.1 26/124 21
AIA negative at baseline 130/248 52.4 128/252 50.8

- Treatment-induced 37/130 28.5 35/128 27.3
At least one positive AIA sample 155/248 62.5 159/252 63.1
Treatment-emergent AIA 56/248 22.6 61/252 24.2
1 refers to Humalog KwikPen subjects and EU-approved insulin lispro subjects
AIA = anti-insulin antibody
Source: Adapted from Table 31 of the 12-month study report for study EFC12619

The development of treatment-emergent AIA’s did not have any apparent effect on the efficacy of 
SAR342434 compared to approved insulin lispro as assessed using HbA1c or change in insulin dose 
(Table 20).  The magnitude of the change in HbA1c from baseline to week 52 was similar across for 
SAR342434 and approved insulin lispro, regardless of whether there were ‘treatment-emergent AIAs’.  
There was greater percentage change in basal insulin dose for subjects treated with SAR342434 
compared to those subjects treated with approved insulin lispro regardless of treatment-emergent AIA 
category.  This was not seen with mealtime insulin dose or total insulin dose. 
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Table 20: Comparison of HbA1c and insulin dose (in U/kg) in study EFC12619 between 
SAR342434 and approved insulin lispro by anti-insulin antibody category

With treatment-emergent AIA Without treatment-emergent AIA

SAR342434 Approved insulin 
lispro1 SAR342434 Approved insulin 

lispro1

N=56 N=61 N=192 N=191
HbA1c
Baseline [mean (SD)] 8.18 (0.74) 7.97 (0.64) 8.05 (0.79) 8.01 (0.64)
Week 52 [mean (SD)] 7.92 (1.05) 7.66 (0.91) 7.77 (0.96) 7.72 (0.98)
Change from baseline [mean (SD)] -0.23 (0.84) -0.29 (0.84) -0.26 (0.91) -0.29 (0.97)
Difference vs. approved lispro (SE) 0.19 (0.166) 0.04 (0.093)

- 95% CI -0.135 to 0.519 -0.143 to 0.220
Basal insulin dose (U/kg)
Baseline [mean (SD)] 0.340 (0.164) 0.313 (0.142) 0.340 (0.205) 0.337 (0.141)
Week 52 [mean (SD)] 0.450 (0.819) 0.362 (0.152) 0.358 (0.232) 0.337 (0.164)
Change from baseline [mean (SD)] 0.138 (0.781) 0.044 (0.071) 0.021 (0.069) 0.002 (0.061)

- % change 2 40.6 14.1 6.2 0.6
- Mean change in units 3 10.7 3.4 1.6 0.2

Mealtime insulin dose (U/kg)
Baseline [mean (SD)] 0.388 (0.176) 0.346 (0.125) 0.358 (0.176) 0.358 (0.181)
Week 52 [mean (SD)] 0.381 (0.149) 0.352 (0.167) 0.376 (0.181) 0.359 (0.171)
Change from baseline [mean (SD)] 0.007 (0.123) 0.010 (0.099) 0.021 (0.115) 0.006 (0.106)

- % change 2 1.8 2.9 5.9 1.7
- Mean change in units 3 0.5 0.8 1.6 0.5

Total insulin dose (U/kg)
Baseline [mean (SD)] 0.729 (0.294) 0.660 (0.222) 0.699 (0.316) 0.695 (0.250)
Week 52 [mean (SD)] 0.716 (0.219) 0.718 (0.280) 0.726 (0.295) 0.695 (0.271)
Change from baseline [mean (SD)] 0.028 (0.168) 0.054 (0.122) 0.042 (0.126) 0.007 (0.127)

- % change 2 3.8 8.2 6.0 1
- Mean change in units 3 2.2 4.1 3.3 0.5

1 refers to Humalog KwikPen subjects and EU-approved insulin lispro subjects; 2 % change  = change from baseline/baseline 
x 100; 3 based on change from baseline in U/kg x mean baseline weight of 77.7 kg for SAR342434 subjects and 76.7 kg for 
approved insulin lispro subjects
AIA = anti-insulin antibody; SD = standard deviation; SE = standard error; CI = confidence interval
Source: Adapted from Table 34 and Table 35 of the 12-month study report for study EFC12619

While a notably greater increase in basal insulin dose was reported in the SAR342434 subjects that 
developed treatment-emergent antibodies, the applicant reports that this is due to a single subject 
reporting an increase in insulin dose of 324 U.  This subject’s baseline basal insulin dose was 36 U and 
after starting study drug the basal insulin dose was reported in the e-diary used to collect this 
information to be 360 U.  The applicant states that this was an error on the part of the patient.

The applicant was asked to provide further clarification of the means by which the dose was confirmed 
to be erroneous and to perform analyses of change in basal insulin dose excluding this subject.  The 
applicant states that the error in reporting the basal insulin dose by the subject was identified after 
database lock by the medical monitor.  The investigator was presented with the printout showing the 
basal insulin dose of 360 U, and the investigator confirmed that this was incorrect and that the correct 
dose was supposed to be 36 U.

The applicant was also asked to repeat analyses of change in insulin dose excluding the data from this 
subject.  Based on the analyses which excluded this subject, there is no evident difference in mean basal 

Reference ID: 4146989



NDA 209196 (SAR342434 [insulin lispro])
Cross Discipline Team Leader Review

Page 33 of 45 33

insulin dose between SAR342434 treated subjects with treatment-emergent AIAs and approved insulin 
lispro treated subjects with treatment-emergent AIAs (Table 21).

Table 21: Updated analysis of change in basal insulin dose excluding outlier subject
With treatment-emergent AIA

SAR342434 Approved insulin lispro1

N=55 N=61
Basal insulin dose (U/kg)
Baseline [mean (SD)] 0.336 (0.162) 0.313 (0.142)
Week 52 [mean (SD)] 0.326 (0.125) 0.362 (0.152)
Change from baseline [mean (SD)] 0.018 (0.08) 0.044 (0.071)

- % change 2 5.4 14.1
- Mean change in units 3 1.4 3.4

1 refers to Humalog KwikPen subjects and EU-approved insulin lispro subjects; 2 % change  = change from baseline/baseline 
x 100; 3 based on change from baseline in U/kg x mean baseline weight of 77.7 kg for SAR342434 subjects and 76.7 kg for 
approved insulin lispro subjects
AIA = anti-insulin antibody; SD = standard deviation
Source: Adapted from Table 2 of the Response to Information Request received on August 11, 2017.

Dr. Doi also notes in her review that while this subject was classified as having treatment-emergent 
AIAs, the AIA data do not support that the AIAs caused an increase in insulin dose.  As discussed in Dr. 
Doi’s review, AIAs were detected only once during the study (at week 4) and this was at a low titer 
(1:2).

Having considered all the data with respect to the potential impact of AIAs on insulin dose, I agree with 
the applicant and with Dr. Doi that the available data do not suggest an effect of the development of 
AIAs directed towards SAR342434 on insulin dose.

Review of the incidence of hypoglycemia by treatment-emergent AIA category did not demonstrate any 
marked difference between subjects treated with SAR342434 and approved insulin lispro (Table 22).  
While the incidence of ‘severe hypoglycemia’ was higher in SAR342434 subjects with treatment-
emergent AIAs compare to those without and compared to approved insulin lispro subjects with 
treatment-emergent AIAs, it was not too different from approved insulin lispro subjects without 
treatment-emergent AIAs.  In an exploratory analysis, the applicant has calculated the odds ratio (OR) of 
severe hypoglycemia in SAR342434 subjects with treatment-emergent AIAs compared to approved 
insulin lispro subjects with treatment-emergent AIAs.  Using a logistic regression model with fixed 
effect terms for treatment, baseline HbA1c category, prior use of insulin lispro, AIA sub-group, and AIA 
sub-group by treatment, the applicant reports an OR of 1.96 (95% CI: 0.66 to 5.82).

Based on the reported findings, I believe that the apparent increased incidence in ‘severe hypoglycemia’ 
in the SAR342434 subjects with treatment-emergent AIAs is a chance observation rather than a signal of 
concern.  I have based this conclusion on the absence of an overall signal of concern for hypoglycemia 
(see Table 17), the small number of events on which to make an assessment, and the applicant’s 
exploratory analysis showing a wide confidence interval (due to the small number of events) which 
includes an OR of 1.

Reference ID: 4146989



NDA 209196 (SAR342434 [insulin lispro])
Cross Discipline Team Leader Review

Page 34 of 45 34

Table 22: Comparison of hypoglycemia in study EFC12619 between SAR342434 and approved 
insulin lispro by anti-insulin antibody category

With treatment-emergent AIA Without treatment-emergent AIA

SAR342434 Approved insulin 
lispro1 SAR342434 Approved insulin 

lispro1

N=56 N=61 N=192 N=191
Any hypoglycemia 56 (100) 61 (100) 191 (99.5) 191 (100)
Severe hypoglycemia 10 (17.9) 6 (9.8) 23 (12) 28 (14.7)
Documented symptomatic 
hypoglycemia

- ≤ 70 mg/dL 50 (89.3) 56 (91.8) 168 (87.5) 170 (89)
- ≤ 54 mg/dL 41 (73.2) 46 (75.4) 134 (69.8) 146 (76.4)

1 refers to Humalog KwikPen subjects and EU-approved insulin lispro subjects
Source: Adapted from Table 16.2.7.6.1.1 from Appendix 16.2.7 Other safety observations for the 12 month study report for 
study EFC12619

The presence of treatment-emergent AIAs did not appear to influence the development of allergic 
reactions of injection site reactions though there is limited data to make an assessment.

o Study EFC13403

A similar percentage of subjects in the SAR342434 and approved insulin lispro arms had positive AIAs 
at baseline (Table 23).  The incidence of treatment-emergent AIAs was slightly higher with SAR342434 
(18.8% with SAR3432434 vs. 14.5% with approved insulin lispro).  This appeared to be mostly due to a 
difference in treatment-boosted AIAs.

Table 23: Incidence of treatment-emergent anti-insulin antibodies in study EFC13403
SAR342434 Approved insulin lispro1

n/N % n/N %
AIA positive at baseline 60/245 24.5 63/248 25.4

- Treatment-boosted 12/60 20 8/63 12.7
AIA negative at baseline 185/245 75.5 185/248 74.6

- Treatment-induced 34/185 18.4 28/185 15.1
At least one positive AIA sample 94/245 38.4 91/248 36.7
Treatment-emergent AIA 46/245 18.8 36/248 14.5
1 refers to Humalog KwikPen subjects and EU-approved insulin lispro subjects
AIA = anti-insulin antibody
Source: Adapted from Table 30 of the Summary of Clinical Safety

The development of treatment-emergent AIAs did not have any apparent effect on the efficacy of 
SAR342434 compared to the approved insulin lispro as assessed using HbA1c or change in insulin dose 
(Table 24).  Though subjects with treatment-emergent AIAs had a numerically smaller change from 
baseline in HbA1c compared to those without treatment-emergent AIAs, there is no apparent difference 
between SAR342434 and approved insulin lispro.  Differences in percent change for insulin dose were 
not dramatic between treatment arms regardless of whether subjects did or did not develop treatment-
emergent AIAs.

Reference ID: 4146989



NDA 209196 (SAR342434 [insulin lispro])
Cross Discipline Team Leader Review

Page 35 of 45 35

Table 24: Comparison of HbA1c and insulin dose (in U/kg) in study EFC13403 between 
SAR342434 and approved insulin lispro by anti-insulin antibody category

With treatment-emergent AIA Without treatment-emergent AIA

SAR342434 Approved insulin 
lispro1 SAR342434 Approved insulin 

lispro1

N=46 N=36 N=199 N=211
HbA1c
Baseline [mean (SD)] 7.92 (0.87) 7.92 (0.93) 8.02 (0.86) 8.04 (0.91)
Week 26 [mean (SD)] 7.08 (0.83) 7.25 (1.02) 7.05 (0.86) 7.15 (0.86)
Change from baseline [mean (SD)] -0.84 (0.77) -0.74 (0.85) -0.96 (1.02) -0.9 (0.84)
Difference vs. approved lispro (SE) -0.15 (0.176) -0.07 (0.080)

- 95% CI -0.492 to 0.201 -0.225 to 0.088
Basal insulin dose (U/kg)
Baseline [mean (SD)] 0.457 (0.224) 0.522 (0.215) 0.482 (0.274) 0.438 (0.231)
Week 26 [mean (SD)] 0.544 (0.241) 0.567 (0.247) 0.558 (0.318) 0.517 (0.265)
Change from baseline [mean (SD)] 0.073 (0.092) 0.067 (0.088) 0.084 (0.142) 0.071 (0.127)

- % change 2 16.0 12.8 17.4 16.2
- Mean change in units 3 6.7 6.1 7.7 6.5

Mealtime insulin dose (U/kg)
Baseline [mean (SD)] 0.435 (0.267) 0.470 (0.283) 0.458 (0.302) 0.425 (0.320)
Week 26 [mean (SD)] 0.491 (0.239) 0.561 (0.488) 0.532 (0.348) 0.504 (0.409)
Change from baseline [mean (SD)] 0.044 (0.164) 0.1 (0.280) 0.098 (0.218) 0.077 (0.243)

- % change 2 10.1 21.3 21.4 18.1
- Mean change in units 3 4.1 9.1 9 7

Total insulin dose (U/kg)
Baseline [mean (SD)] 0.898 (0.374) 0.990 (0.403) 0.940 (0.493) 0.864 (0.451)
Week 26 [mean (SD)] 1.021 (0.348) 1.142 (0.635) 1.091 (0.600) 1.020 (0.569)
Change from baseline [mean (SD)] 0.123 (0.205) 0.179 (0.296) 0.184 (0.314) 0.147 (0.299)

- % change 2 13.7 18.1 19.6 17.0
- Mean change in units 3 11.3 16.3 17 13.4

1 refers to Humalog KwikPen subjects and EU-approved insulin lispro subjects; 2 % change  = mean change from 
baseline/mean baseline x100; 3 based on mean change from baseline in U/kg x mean baseline weight of 92.2 kg for 
SAR342434 subjects and 91.2 kg for approved insulin lispro subjects
AIA = anti-insulin antibody; SD = standard deviation; SE = standard error; CI = confidence interval
Source: Adapted from Table 33 and Table 34 of the study report for study EFC13403

Review of the findings for hypoglycemia by AIA category did not suggest increased risk for 
hypoglycemia (overall or for individual categories) in SAR342434 subjects with treatment-emergent 
AIAs (Table 25).

Table 25: Comparison of hypoglycemia in study EFC13403 between SAR342434 and approved 
insulin lispro by anti-insulin antibody category

With treatment-emergent AIA Without treatment-emergent AIA

SAR342434 Approved insulin 
lispro1 SAR342434 Approved insulin 

lispro1

N=46 N=36 N=199 N=211
Any hypoglycemia 34 (73.9) 28 (77.8) 138 (69.3) 157 (74.4)
Severe hypoglycemia 0 1 (2.8) 6 (3) 2 (0.9)
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With treatment-emergent AIA Without treatment-emergent AIA

SAR342434 Approved insulin 
lispro1 SAR342434 Approved insulin 

lispro1

N=46 N=36 N=199 N=211
Documented symptomatic 
hypoglycemia

- ≤ 70 mg/dL 30 (65.2) 26 (72.2) 122 (61.3) 140 (66.4)
- ≤ 54 mg/dL 16 (34.8) 11 (30.6) 57 (28.6) 58 (27.5)

1 refers to Humalog KwikPen subjects and EU-approved insulin lispro subjects
Source: Adapted from Table 16.2.7.6.1.1 from Appendix 16.2.7 Other safety observations for the 12 month study report for 
study EFC13403

The presence of treatment-emergent AIAs did not appear to influence the development of allergic 
reactions of injection site reactions though there is limited data to make an assessment

Overall Safety Conclusions:

The safety findings (including findings for immunogenicity) were sufficiently similar that I believe the 
applicant can rely upon the previous findings for the listed drug.  

8. Advisory Committee Meeting 

Not applicable.  No Advisory Committee meeting was convened to discuss this NDA.

9. Pediatrics

The proposed drug product does not consist of a new active ingredient, new indication, new dosage 
form, new dosing regimen, or new route of administration.  As such, it was determined that the 
requirements outlined in the Pediatric Research Equity Act were not applicable.

No data from study of SAR342434 in pediatric patients are included in this NDA.  The applicant is 
relying upon the Agency’s previous findings of safety and effectiveness for Humalog to support use of 
SAR342434 in pediatric patients.

10. Other Relevant Regulatory Issues 

One additional regulatory issue warrants further discussion – the labeling SAR342434 for administration 
via continuous subcutaneous insulin infusion (CSII).  

Labeling for CSII:

The applicant was informed prior to submission of the NDA that the Division is no longer including 
insulin pump names in the drug labeling.  The applicant was also informed that the proposed insulin 
product would need to be included in the labeling of at least one insulin pump to avoid an outstanding 
device issue.  This point was reiterated during the review cycle.
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The applicant has stated that they have been unable to secure commitment from any insulin pump 
manufacturer to submit the requisite data to the device file to add SAR3432434 to a device label.  
Currently there are no pending supplements for any of the cleared/approved insulin pumps proposing to 
add SAR342434.

The applicant has asserted that the device labels do not need to be updated to include SAR342434, and 
in support of that assertion has submitted a letter to the NDA (dated May 26, 2017) outlining the reasons 
for their position.  The arguments include reference to language in insulin pumps and in insulin products 
which the applicant interprets as being broadly worded and allows for use of any U-100 insulin in 
insulin pumps.  Specific examples cited in the letter include the following:

 Language from the Medtronic 530G: “The pump is intended for use with U-100 insulin.  The 
following insulins have been tested with by Medtronic Diabetes and found to be safe for use in 
MiniMed 530G insulin pumps: Humalog, Novolog.  Before using a different insulin with this 
pump, check the insulin label to make sure the insulin can be used with the pump.”

 Language from Animas Vibe: “Animas Vibe Insulin Pump is designed and calibrated to deliver 
U-100 rapid-acting insulin.  The following rapid-acting insulin has been tested by Animas and 
found to be safe for use in the System: Humalog and Novolog.  The use of any other insulin with 
your System has not been tested”

 Language from Animas One Touch: “The following insulins have been tested by the pump 
manufacturer and found to be safe for use in the insulin cartridge of the pump: Humalog and 
Novolog.  Before using a different insulin with this pump, check the insulin drug label to make 
sure it can be used with the pump”

 Language from HUMALOG: “Use HUMALOG U-100 in pump systems suitable for insulin 
infusion”,

and

“The following pumps have been tested in HUMALOG clinical trials conducted by Eli Lilly and 
Company.

Disetronic H-Tron Plus V100, D-Tron and D-Tronplus with Disetronic Rapid infusion sets

MiniMed Models 506, 507 and 508 and Polyfin infusion sets

HUMALOG is recommended for use in pump systems suitable for insulin infusion such as 
MiniMed, Disetronic, and other equivalent pumps.  Before using HUMALOG in a pump system, 
read the pump label to make sure the pump is indicated for continuous delivery of fast-acting 
insulin.  HUMALOG is recommended for use in any reservoir and infusion sets that are 
compatible with insulin and the specific pump.  Please see recommended reservoir and infusion 
sets in the pump manual.”

Based on the above language, the applicant believes that the pump labeling does not identify specific 
insulin products and that the language is sufficiently broad that any U-100 insulin could be used.
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I do not believe that the applicant’s arguments adequately address the issue.  The applicant references 
the language in the HUMALOG prescribing information which is outdated and is no longer the 
approach that the Division is taking with labeling insulin products for insulin pump use.  As mentioned, 
the Division is no longer in the practice of naming insulin pumps in the insulin labels.  While the cited 
insulin pump language does not expressly prohibit use with insulin products not identified in the pump 
labeling, it refers users to the insulin drug product labels.  This is not of utility if no insulin pumps are 
named in the insulin label.  As the Division intends to label SAR342434 without identification of insulin 
pump names, the cited language does not address the issue of an outstanding device issue.

While the arguments and cited language were deemed inadequate to support the inclusion of labeling the 
CSII route of administration, it was determined that additional consideration of the currently 
cleared/approved insulin pump labeling was needed to thoroughly explore the presented arguments.

To support labeling of SAR342434 for administration by continuous subcutaneous insulin infusion 
(CSII), there are two issues to consider.  The first is whether indicating CSII as an approved route of 
administration without naming specific insulin pumps presents a problem in terms of labeling the drug 
for use via a route of administration that requires a device without a device label allowing for use of the 
drug.  The second is whether there are sufficient data to support the safe use of the drug in the device 
(i.e., compatibility).

I reviewed the language in the labeling of various insulin pumps.  The language in currently 
cleared/approved insulin pumps the language varies.  Some labels are restrictive (i.e., stating use with 
only specific insulins) while others are more permissive (i.e., stating use with U-100 rapid-acting 
insulin; see Table 26 in section 13 of this review).  Based on the language in some of the pumps, I agree 
with the applicant’s arguments that there are pumps (i.e., the Paradigm 508, Paradigm 511, Paradigm, 
512/712, Paradigm 515/715, or Paradigm 522/722) with sufficiently permissive language that it does not 
preclude use of SAR342434 in the device.  Importantly, these insulin pumps do not direct the user to 
review the insulin label to ascertain if the insulin can be used with the pump.  While these devices may 
not be actively marketed by the manufacturer and there may not be new users of these devices, the 
devices continue to be supported and, in all likelihood, are currently being used by patients.  
Subsequently, I believe it is reasonable to conclude that there are patients using insulin pumps with 
sufficiently permissive language that patients and prescribers could conclude that SAR342434 could be 
used with the insulin pump without specifically naming the device in the drug product label.

In terms of compatibility testing of SAR342434 with insulin pumps, the in vitro testing was conducted 
using only the Animas Vibe and the Medtronic 530G (without use of the suspend feature).  Neither of 
these contain sufficiently permissive language for use of SAR342434, however the CDRH consultants 
have confirmed that the device components and testing that would be required for the OneTouch Ping 
would be identical to that done for the Animas Vibe and that the device components and testing that 
would be required for the Paradigm pumps (i.e., the Paradigm 508, Paradigm 511, Paradigm, 512/712, 
Paradigm 515/715, or Paradigm 522/722) would be identical to that done for the Medtronic 530G 
(without use of suspend feature).  Thus the in vitro testing supports the use of SAR342434 in any of 
those devices.  Importantly, the Paradigm pumps have sufficiently permissive language that users could 
use SAR342434 while remaining consistent with the device labeling.
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While the applicant was previously informed that there would be an outstanding device issue if no 
insulin pump identified SAR342434, additional review of existing device labels has provided an avenue 
for addressing this potential issue.  There is at least one currently in-use insulin pump with more 
permissive language (e.g., the Paradigm 508, Paradigm 511, Paradigm, 512/712, Paradigm 515/715, or 
Paradigm 522/722) which also has sufficient data to conclude that SAR342434 would be compatible for 
use.  Consequently, I believe that a CSII route of administration can be granted for SAR342434.

Having concluded that a CSII route of administration can be granted, it is worth considering potential 
pitfalls of labeling SAR342434 with general language for this route of administration without a 
corresponding device label specifically naming SAR342434.  As previously mentioned several device 
labels are restrictive and either instruct users to use only specific insulins or refer users to the drug label 
for insulins not named in the device label.  However, it is notable that there are insulin pump devices 
other than the Paradigm family of insulin pumps which also have permissive language which could be 
interpreted as allowing for the use of SAR342434.  There are some concerns due to this, but I do not 
believe them to be substantial.

One concern is whether infusion of SAR342434 in any of these other insulin pumps would raise the risk 
of occlusions.  This seems unlikely as the devices which the applicant studied utilized infusion sets 
which provide for a long distance of travel.  This represents a ‘worst case scenario’ for occlusions, and 
the other insulin pumps with permissive language should not be at greater risk as they have either 
similar distances from reservoir to the subcutaneous tissue or shorter distances.

Another concern is that the in vitro qualification has not been conducted and that the use of SAR342434 
in these devices may result in exposure to leachable or extractable compounds that would present a 
safety concern.  I acknowledge that this is an unknown given the available in vitro data but I do not 
believe this to be a substantial safety concern.  As noted by the Chemistry review, SAR342434 meets 
the USP monograph standards for insulin lispro.  As such, it seems unlikely that there would be 
substantial differences from the approved insulin lispro that could lead to new or substantially higher 
concentrations of leachable or extractable compounds.

I recognize that there are areas of uncertainty that present concerns with labeling the CSII route of 
administration without specifying pumps in the drug product label and in the absence of a device label 
specifically identifying SAR342434.  However, I believe that the residuals risks from these unknowns 
are small and unlikely to have significant adverse impacts from the use of SAR342434.

11. Labeling 

The applicant has proposed the tradenames ADMELOG and ADMELOG SOLOSTAR.  The Division of 
Medication Error Prevention Analysis has reviewed this and has determined that ADMELOG and 
ADMELOG SOLOSTAR are acceptable tradenames.

The applicant has proposed the following indication:  
  The applicant has also proposed that SAR342434 can be administered 

by subcutaneous injections, continuous subcutaneous infusion (i.e., via insulin pump), or intravenous 
infusion.
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 Risk Benefit Assessment

The applicant has demonstrated that SAR342434 is non-inferior to Humalog in terms of glycemic 
control.  Additionally, the safety profile observed in the clinical trials is consistent with that observed 
with Humalog.  Given a comparable efficacy and safety profile to Humalog, I believe that SAR342434 
has a risk-benefit profile consistent with Humalog.  Thus, I conclude that the benefits of using 
SAR342434 for purposes of improving glycemic control outweigh the risks of use.

 Recommendation for Postmarketing Risk Evaluation and Management Strategies

I do not have any recommendations for a postmarketing risk evaluation and management strategy.

 Recommendation for other Postmarketing Requirements and Commitments

I do not have any recommendations for postmarketing requirements or commitments.

 Recommended Comments to Applicant

You should continue to work with manufacturers of insulin pumps to update the device labeling such 
that your drug product is identified for use.  The current device labeling language limits the use of your 
insulin drug product to older insulin pump devices which may eventually cease to be supported by 
manufacturers.  This may lead to an outstanding device issue if this occurs and your drug product is not 
identified for use with at least one existing insulin pump.
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13. Appendix

Table 26: Summary of Language in Insulin Pump User Guides As Pertains to Choice of Insulin10

Pump Language in User Guide

Paradigm 508 Your pump uses only fast acting, regular insulin

Paradigm 511 Do no put any other drugs/medications inside your reservoir to use with this pump.  Only insulin 
that has been prescribed by your doctor can be used in this pump

Paradigm 512/712

Insulin type - Type of insulin used: U100 fast acting or U100 regular
---
Your pump is sent from the factory with the insulin type set to U100 fast acting.  The insulin type 
can also be set to U100 regular acting.

Paradigm 515/715 The Paradigm pump is intended for use with U100 insulin.

Paradigm 522/722

The Paradigm pump is intended for use with U100 insulin.
---
Do not put any other drugs/medications inside your reservoir to use with this pump.  Only insulin 
that has been prescribed by your physician can be used in this pump.

10 Language identified based on review of insulin pump user guides identified on August 11, 2017 at the following URL’s:
https://www.medtronicdiabetes.com/sites/default/files/library/download-library/user-guides/508 user guide.pdf; 
https://www.medtronicdiabetes.com/sites/default/files/library/download-library/user-guides/Paradigm 511 User Guide.pdf; 
https://www.medtronicdiabetes.com/sites/default/files/library/download-library/user-guides/x12 user guide.pdf; 
https://www.medtronicdiabetes.com/sites/default/files/library/download-library/user-guides/x15 user guide.pdf; 
https://www.medtronicdiabetes.com/sites/default/files/library/download-library/user-guides/x22 user guide.pdf; 
https://www.medtronicdiabetes.com/sites/default/files/library/download-library/user-guides/Paradigm Revel user guide.pdf; 
https://www.medtronicdiabetes.com/sites/default/files/library/download-library/user-guides/Mp6025813-012 b.pdf; 
https://www.medtronicdiabetes.com/sites/default/files/library/download-library/user-guides/MP6026157-011 b.pdf; 
https://www.medtronicdiabetes.com/sites/default/files/library/download-library/user-
guides/MiniMed%20670G%20System%20User%20Guide.pdf; 
https://www.animas.com/sites/animas.com/files/pdf/41031300F OB Vibe USen Peds R1.pdf; 
https://www.animas.com/sites/animas.com/files/pdf/41029400C OB OTP US EN MGDL r1.pdf; 
https://www.tandemdiabetes.com/docs/default-source/product-documents/tslim-insulin-pump/updated-t-slim-user-guide.pdf; 
https://www.tandemdiabetes.com/docs/default-source/product-documents/t-slim-x2-insulin-
pump/1000124 b tslim x2 user guide web.pdf; https://www.tandemdiabetes.com/docs/default-source/product-
documents/t-slim-g4-insulin-pump/tslim-g4-insulin-pump-user-guide-b005630 c.pdf; 
https://www.tandemdiabetes.com/docs/default-source/product-documents/t-flex-insulin-pump/005816 e-tflex-user-
guide.pdf; https://www myomnipod.com/patient guide/ust400 user guide EN.pdf; https://www.accu-
chek.com/download/file/fid/16301; https://www.accu-chek.com/download/file/fid/17481; https://www.go-
vgo.com/sites/default/files/upload/instructions-for-patient-use.pdf
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Paradigm Revel

The Paradigm pump is intended for use with U100 insulin. The following insulins have been 
tested by Medtronic MiniMed and found to be safe for use in Paradigm REAL-Time insulin 
pumps (MMT-523, MMT-723, MMT-523K, and MMT-723K):

• Humalog
• Novolog

Before using different insulin with this pump, check the insulin label to make sure the insulin can 
be used with the pump.
---
Do no put any other drugs/medications inside your reservoir to use with this pump.  Only insulin 
that has been prescribed by your physician can be used in this pump.
---
The Paradigm pump is intended for use with U100 insulin.

MiniMed 530G

The pump is intended for use with U100 insulin.  The following insulins have been tested by 
Medtronic Diabetes and found to be safe for use in MiniMed 530G insulin pumps:

• Humalog
• Novolog

Before using different insulin with this pump, check the insulin label to make sure the insulin can 
be used with the pump.

MiniMed 630G

Only use U100 insulin that has been prescribed by your healthcare professional for use with an 
infusion pump. Do not put any other drugs or medications inside your reservoir for use with this 
pump. Other drugs or medications are not intended for use with this pump. Use of other drugs or 
medications can cause serious injury
---
The MiniMed 630G insulin pump has been studied with and is intended for use with the following 
rapid-acting U100 insulin:

• U100 Humalog
• U100 Novolog

The use of any other insulin in the MiniMed 630G insulin pump has not been tested and may not 
be appropriate for use with this device.
---
WARNING: Do not use any other insulin with you pump other than the above specified rapid-
acting U100 insulins (Humalog, Novolog).  Use of the incorrect insulin, or insulin with a greater 
or lesser concentration, may result in over delivery or under delivery of insulin.  This could lead to 
very low or very high blood glucose levels.  Very high BG levels may lead to Diabetic 
Ketoacidosis and very low glucose levels may lead to coma and death.  If you are unsure about 
whether you can use a specific insulin with this pump, please consult with your healthcare 
provider.
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MiniMed 670G

Only use rapid acting U100 insulin (Humalog and Novolog) that has been prescribed by your 
healthcare professional for use with an infusion pump. Do not put any other drugs or medications 
inside your reservoir for use with this pump. Other drugs or medications are not intended for use 
with this pump. Use of other drugs or medications can cause serious injury.
---
The MiniMed 670G insulin pump has been studied with and is intended for use with the following 
rapid-acting U100 insulin:

• U100 Humalog
• U100 Novolog

The use of any other insulin in the MiniMed 670G insulin pump has not been tested and may not 
be appropriate for use with this device.
---
WARNING: Only use rapid acting U100 insulin (Humalog and Novolog) in the MiniMed 670G 
insulin pump.  Use of the incorrect insulin, or insulin with a greater or lesser concentration may 
result in over delivery or under delivery of insulin.  Over delivery or under delivery of insulin may 
result in high or low blood glucose levels.  High blood glucose levels may lead to Diabetic 
Ketoacidosis.  Low blood glucose levels may lead to coma or death.  If you are unsure about 
whether you can use a specific insulin with this pump, please contact your healthcare professional.

Animas Vibe

Your Animas Vibe Insulin Pump is designed and calibrated to deliver U100 rapid-acting insulin.  
The following rapid-acting insulin has been tested by Animas and found to be safe for use in the 
System: Humalog and Novolog.  The use of any other insulin with your System has not been 
tested.
---
DO NOT use any other insulin with your pump other than the U100 rapid-acting insulin (Humalog 
and Novolog) listed in the Owner’s Booklet.  Use of incorrect insulin, or insulin with a greater or 
lesser concentration, may result in over delivery or under delivery of insulin.  This could lead to 
very low (hypoglycemia) or very high (hyperglycemia) BG levels.  Very high BG levels may also 
lead to diabetic ketoacidosis (DKA).
---
Under discussion of Insulin On-Board Feature:
DO NOT use any other insulin with your pump other than the U100 rapid-acting insulin (Humalog 
and Novolog) listed in the Owner’s Booklet.  Use of incorrect insulin, or insulin with a greater or 
lesser concentration, may result in over delivery or under delivery of insulin.  This could lead to 
very low (hypoglycemia) or very high (hyperglycemia) BG levels.  Very high BG levels may also 
lead to diabetic ketoacidosis (DKA).

OneTouch Ping

The following insulins have been tested by the pump manufacturer and found to be safe for use in 
the insulin cartridge of the pump: Humalog and Novolog.  Before using a different insulin with 
this pump check the insulin drug label to make sure it can be used with the pump.
---
Your pump is designed and calibrated to deliver U100 insulin.  Use of any insulin with lesser or 
greater concentration can result in serious injury or death.
---
Insulin types used: Rapid-acting U100 insulin
---
Under discussion of the Insulin On-Board Feature:
This feature is intended for use only with U100 rapid-acting insulin analogs such as Novolog or 
Humalog.  If you use an insulin other than Novolog or Humalog, Do Not use this feature.  Use of 
any insulin with lesser or greater concentration can result in serious injury or death.

Tandem pumps
- Slim, Slim x2, 

Slim g4, Flex

This device is indicated for use with Novolog or Humalog U-100 insulin.
---
Do not use any other insulin with your pump other than U-100 Humalog or Novolog
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OmniPod

The OmniPod System is designed to use rapid-acting U-100 insulin.  The following U-100 rapid-
acting insulin analogs have been tested and found to be safe for use in the Pod: 
Novolog/Novovrapid, Humalog, or Apidra.  Novolog is compatible with the OmniPod System for 
use up to 72 hours (3 days).  Before using a different insulin with the OmniPod System, check the 
insulin drug label to make sure it can be used with a pump.  Refer to the insulin labeling and 
follow your healthcare provider’s directions for how often to replace the pod.

Accu-Chek Spirit The ACCU-CHEK Spirit insulin pump is intended for the use of U100 rapid-acting insulin.

Accu-Chek Spirit 
Combo

The Accu-Chek Spirit Combo insulin pump is intended for the use of U 100 rapid-acting insulin. 
Humalog (insulin lispro, rDNA origin), Apidra (insulin glulisine, rDNA origin) and NovoLog 
(insulin aspart) have been tested and found to be safe for use in the Accu-Chek Spirit Combo 
insulin pump.

Do not use your insulin pump for the delivery of medication other than U100 rapid-acting insulin. 
Before using a different insulin with the Accu-Chek Spirit Combo insulin pump, check the insulin 
label and accompanying documents to make sure it can be used with this device.
---
Your pump has been designed for use with rapid-acting U100 insulin. Humalog (insulin lispro, 
rDNA origin), Apidra (insulin glulisine, rDNA origin) and NovoLog (insulin aspart) have been 
tested and found to be safe for use in the Accu-Chek Spirit Combo insulin pump.
---
Do not use your pump for the delivery of medication other than U100 rapid-acting insulin. 
Humalog (insulin lispro, rDNA origin), Apidra (insulin glulisine, rDNA origin) and NovoLog 
(insulin aspart) have been tested and found to be safe for use in the Accu-Chek Spirit Combo 
insulin pump.
---
Humalog (insulin lispro, rDNA origin), Apidra (insulin glulisine, rDNA origin) and NovoLog 
(insulin aspart) have been tested and found to be safe for use in the Accu-Chek Spirit Combo 
insulin pump.

V-Go

A U100 fast-acting insulin should be used with the V-Go. Humalog (insulin lispro, rDNA origin) 
and NovoLog (insulin aspart, rDNA origin) have been tested by Valeritas, Inc. and found to be 
safe for use in the V-Go Disposable Insulin Delivery Device.

Before using different insulin with the V-Go, you should check the insulin label to make sure it 
can be used with this device.
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