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1 Executive Summary
1.1 Introduction
Sanofi-Aventis is seeking market approval under the 505(b)2 regulatory pathway for 
SAR342434 (insulin lispro [rDNA origin], 100 Units/mL) solution for injection, a follow-on 
product to Humalog® (100 U/mL).  SAR342434 is a human insulin analogue produced 
by recombinant DNA technology utilizing a non-pathogenic laboratory strain of E. coli 

 as the production organism.  It has the same amino acid sequence and structure 
as the reference listed drug (RLD) and is intended to have the same indications, dosage 
form, route of administration, and dosing regimen as the RLD.

1.2 Brief Discussion of Nonclinical Findings
For the development of SAR342434, the sponsor is primarily relying on the FDA’s 
previous findings of safety and efficacy of the RLD rather than repeating all studies 
performed by the originator.  Consequently, the nonclinical development program was 
designed to determine if there were differences between SAR342434 and the RLD in 
terms of pharmacologic action or toxicity.  

Multiple nonclinical studies were performed in which various batches of SAR342434 
were compared to different batches of Humalog sourced from the US and/or EU.  To 
support this application, this review focuses on the studies utilizing US sourced Humalog 
where possible.

Pharmacology studies were performed in which various batches of SAR342434 were 
compared to various batches of Humalog-US and evaluated for binding affinity to insulin 
receptors A and B and insulin-like growth factor-1, the kinetics of binding to these 
receptors and their subsequent autophosphorylation, the induction of metabolic activity 
as measured by inhibition of lipolysis in human adipocytes, stimulation of glucose 
uptake, gene regulation of glucose 6-phosphatase, and the potential to induce 
mitogenicity.  Across studies, SAR342434 showed affinities and activities comparable to 
those exhibited by the RLD sourced from the US.

In a bridging toxicology study, SAR342434 and Humalog-US were administered at the 
same dosages and the toxicity profiles were compared.  In this study the observed 
effects were comparable between the two insulin formulations.  The observed increases 
in weight gain/food consumption, reductions in glucose levels followed by over-
compensatory increases, reductions in liver weights, and inflammation/hemorrhage at 
the injection site occurred at a similar magnitude and affected a comparable number of 
animals at a given dose with both SAR342434 and Humalog-US.  The exposure to 
insulin was comparable between the two products, showing similar increases with dose 
and accumulation over time.

In addition, a local tolerance study was also performed.  Although Humalog-US was not 
the comparator, the effects seen with SAR342434 following different routes of 
administration were comparable to those seen with the reference Humalog.
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The estimated background risk of major birth defects is 6%-10% in women with 
pre-gestational diabetes with an HbA1c >7 and has been reported to be as high 
as 20%-25% in women with a HbA1c >10. The estimated background risk of 
miscarriage for the indicated population is unknown. In the U.S. general 
population, the estimated background risk of major birth defects and miscarriage 
in clinically recognized pregnancies is 2%-4% and 15%-20%, respectively.

Agency proposed wording
Risk Summary
The limited available data with TRADENAME in pregnant women are 
insufficient to determine a drug associated risk of adverse developmental 
outcomes.  Published studies with another insulin lispro product used during 
pregnancy have not reported an association between insulin lispro and the 
induction of major birth defects, miscarriage, or adverse maternal or fetal 
outcomes (see Data). There are risks to the mother and fetus associated 
with poorly controlled diabetes in pregnancy (see Clinical Considerations).

Pregnant rats and rabbits were exposed to another insulin lispro product in 
animal reproduction studies during organogenesis.  Fetal growth retardation 
was observed in offspring of rats exposed to insulin lispro at a dose 
approximately 3 times the human subcutaneous dose of 1.0 unit/kg/day.  No 
adverse effects on embryo/fetal development were observed in offspring of 
rabbits exposed to insulin lispro at doses up to approximately 0.24 times the 
human subcutaneous dose of 1.0 unit/kg/day (see Data).

No changes to sponsor proposed wording for third paragraph

Sponsor Proposed Wording
Clinical considerations
Disease-associated maternal and/or embryo/fetal risk
Poorly controlled diabetes in pregnancy increases the maternal risk for diabetic 
ketoacidosis, pre-eclampsia, spontaneous abortions, preterm delivery, still birth 
and delivery complications. Poorly controlled diabetes increases the fetal risk for 
major birth defects, still birth, and macrosomia related morbidity.

Agency Proposed Wording
No change to sponsor proposal for wording of this paragraph.

Sponsor Proposed Wording
Data
Human data
Published data do not report an association with another rapid-acting insulin 
lispro product, 100 units/mL, and major birth defects, miscarriage, or adverse 
maternal or fetal outcomes when insulin lispro is used during pregnancy. 
However, these studies cannot definitely establish the absence of any risk 
because of methodological limitations including small sample size and some 
lacking comparator groups.
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Risk Summary
There is no information regarding the presence of insulin lispro in human milk, 
the effects on the breastfed infant, or the effects on milk production.

The developmental and health benefits of breastfeeding should be considered 
along with the mother’s clinical need for TRADENAME and any potential adverse 
effects on the breastfed child from TRADENAME or from the underlying maternal 
condition.

Agency Proposed Wording
Risk Summary
There is no information regarding the presence of insulin lispro in human milk, 
the effects on the breastfed infant, or the effects on milk production. Endogenous 
insulin is present in human milk.  The developmental and health benefits of 
breastfeeding should be considered along with the mother’s clinical need for 
TRADENAME and any potential adverse effects on the breastfed child from 
TRADENAME or from the underlying maternal condition.

Note that no text has been proposed for subsection 8.3 (Females and Males of 
Reproductive Potential).  This reviewer agrees with the omission of this section as there 
are no human or animal data suggestive of drug-related effects on fertility.

The text in sections 13.1 and 13.2 is from the current label for the RLD.

13 NONCLINICAL TOXICOLOGY
Sponsor Proposed Wording
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
Standard 2-year carcinogenicity studies in animals have not been performed. In 
Fischer 344 rats, a 12-month repeat-dose toxicity study was conducted with 
insulin lispro at subcutaneous doses of 20 and 200 units/kg/day (approximately 3 
and 32 times the human subcutaneous dose of 1 unit/kg/day, based on 
units/body surface area). Insulin lispro did not produce important target organ 
toxicity including mammary tumors at any dose.

Insulin lispro was not mutagenic in the following genetic toxicity assays: bacterial 
mutation, unscheduled DNA synthesis, mouse lymphoma, chromosomal 
aberration and micronucleus assays.

Male fertility was not compromised when male rats given subcutaneous insulin 
lispro injections of 5 and 20 units/kg/day (0.8 and 3 times the human 
subcutaneous dose of 1 unit/kg/day, based on units/body surface area) for 6 
months were mated with untreated female rats. In a combined fertility, perinatal, 
and postnatal study in male and female rats given 1, 5, and 20 units/kg/day 
subcutaneously (0.16, 0.8, and 3 times the human subcutaneous dose of 
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1 unit/kg/day, based on units/body surface area), mating and fertility were not 
adversely affected in either gender at any dose.

Agency Proposed Wording
No change to sponsor proposal for the wording of this section.

2 Drug Information
2.1 Drug:  Admelog and Admelog Solostar (accepted as proprietary names)

CAS Registry Number:  133107-64-9

Generic Name:  Insulin lispro

Code Name:  SAR342434

Chemical Name:  28B –L-Lysine-29B –L-proline insulin (human) 

Molecular Formula/Molecular Weight:  C257H383N65O77S6 / 5807.6

Structure or Biochemical Description:
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2.6 Proposed Clinical Population and Dosing Regimen
SAR342434 solution for injection is a rapid acting human insulin analog indicated to 
improve glycemic control in adults and children with diabetes mellitus.  It will be 
available in 10 mL vials and 3 mL pre-filled pens.  Individualized doses will be 
delivered via subcutaneous injection, continuous subcutaneous infusion via insulin 
pumps, or by intravenous administration.

2.7 Regulatory Background
The regulatory background pertaining to nonclinical development is summarized below:

 A pre-IND meeting request in which the sponsor sought written responses was 
submitted 23 Dec 2013 (SDN 1) and the package was received 22 Jan 2014 (SDN 2)   
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3 Studies Submitted
3.1 Studies Reviewed 
The nonclinical studies supporting this registration package included a series of 28 
pharmacology studies that compared various batches of SAR342434 to Humalog (US and 
EU) for pharmacologic activity (eg, binding and binding kinetics to IR-A, IR-B, and/or IGF-
1R; autophosphorylation of IR-A, IR-B, and IGF-1R; inhibition of lipolysis; stimulation of 
DNA synthesis; stimulation of glucose update; and regulation of G6 phosphatase), 
bridging toxicology studies to Humalog US and EU, and a local tolerance study.  Of these 
submitted studies, 21 pharmacology studies are summarized for the first time in this 
review.  In addition, the pharmacology and local tolerance studies that had previously 
been submitted and reviewed in support of the original IND filing (refer to the nonclinical 
review of July 18, 2014 for details) have also been re-summarized in this review.  As the 
relevant comparator for the US market is Humalog sourced from the US, only the bridging 
toxicology study in which SAR342434 is compared to Humalog sourced from the US is re-
summarized.

3.2 Studies Not Reviewed 
The following study was not reviewed as part of this NDA application as SAR342434 was 
compared to Humalog sourced from the EU.  

The following studies submitted to the NDA were not reviewed as they provide supportive 
information rather than addressing nonclinical pharmacology or toxicology information 
pertinent to the safety of the test article.

 Validation of an LC-MS/MS Assay for the Quantitation of SAR342434 in Rat 
Plasma

 Validation of a RIPA Method for Detection of Anti-SAR342434 Antibodies in Rat 
Plasma

3.3 Previous Reviews Referenced
A number of the studies reviewed within this document have previously been reviewed in 
support of the IND review.  The previous nonclinical review was filed July 18, 2014.  These 
earlier reviews were the basis for the reviews of those studies included within this 
document.
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4 Pharmacology
4.1 Primary Pharmacology
The sponsor conducted multiple pharmacology studies to support the various phases of 
clinical development.  For each phase of development, the sponsor conducted studies in 
which the batches of SAR342434 and Humalog being used in clinical trials were compared 
to each other.  The pharmacology studies included comparisons of the test-articles for 
insulin receptor B (IR-B) and IGF-1 receptor (IGF-1R) affinity and activation, metabolic and 
mitogenic activity, stimulation of autophosphorylation, binding affinity and binding kinetic 
studies for insulin receptor subtypes A and B, the determination of metabolic activity by 
inhibition of lipolysis, stimulation of glucose uptake, and/or gene regulation of glucose 6- 
phosphatase. 

The types of studies in which SAR342434 and Humalog were compared to support the 
phase 1 and 2 studies are summarized in the sponsor table below:

The types of studies in which SAR342434 and Humalog were compared to support the 
phase 3 studies are summarized in the sponsor table below:
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Only the studies supporting phase 1 clinical trials have previously been reviewed (refer to 
the review of 18 Jul 2014 for details.  All studies are summarized in this review.

4.1.1 Determination of binding affinity of SAR342434 to the insulin receptor B 
(Study DIVT0034)

The purpose of the study was to evaluate the affinity of two different batches of 
SAR342434 for the human IR-B and compared to that of Humalog (US and EU) and 
human insulin.  This study originally reviewed in support of the IND filing.

The in-vitro binding potency was evaluated in plasma membrane preparations from CHO 
cells stably transfected with a human insulin receptor isoform B expression plasmid 

  The binding of test formulations was evaluated in a 
competitive binding assay in which their potential to inhibit the binding of A14[125I]-labeled 
insulin to the human IR-B was assessed and the IC50 values determined.
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The mean IC50 values and concentration response curves were considered comparable 
between the different SAR342434 batches, Humalog US and EU, and human insulin.  
Data are shown in the sponsor table and figure below (table and figure from sponsor’s 
pharmacology written summary):

The ratio of mean IC50 values between each batch of SAR342434 and each Humalog and 
human insulin were also calculated.  There were no differences considered biologically 
meaningful, indicating SAR342434 and Humalog have similar binding affinities for IR-B.  
Data are shown in the sponsor table below: 
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Table from sponsor’s pharmacology written summary

The non-normalized data were included in a report amendment to demonstrate the range 
of results.  As these data do not alter the calculated IC50 values or respective ratios, they 
are not incuded in this review.

4.1.2 Analysis of insulin receptor B autophosphorylation of SAR342434 
using CHO-IR cells (Study DIVT0028)

The purpose of this study was to compare the in vitro activity of different batches of 
SAR342434 to that of Humalog (US and EU) and human insulin on IR-B expressed in 
CHO-IR cells.

CHO cells were stably transfected with a human insulin receptor isoform B expression 
plasmid ) and the potency of the test article formulations to 
stimulate autophosphorylation of the IR-B was evaluated.

The mean EC50 values were considered comparable between the different SAR342434 
batches, Humalog US and EU, and human insulin.  Data are shown in the sponsor table 
and concentration response curves below (table and figure from sponsor’s pharmacology 
written summary):
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The ratio of mean EC50 values was also considered comparable indicating SAR342434 
has comparable potency to Humalog for stimulating autophosphorylation of IR-B.  Data 
are summarized in the sponsor table below (from sponsor’s pharmacology written 
summary):

As non-normalized data showed a similar pattern, these data are not shown.

4.1.3 Assessment of the metabolic activity of SAR342434 by measurement of 
glycerol release from human in vitro differentiated adipocytes (Study 
DIVT0033)

The purpose of this study was to compare the metabolic in vitro activity of different 
batches of SAR342434 to that occurring with Humalog (US and EU) and human insulin.  
This study originally reviewed in support of the IND filing.
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Lipolysis of adipose tissue breaks down triglycerides and releases free fatty acids and 
glycerol.  Since insulin is an inhibitor of this process, the inhibition of glycerol release from 
human adipocytes was measured as a marker of metabolic activity.  

The calculated IC50 values and concentration response curves were similar between the 
different SAR342434 batches, Humalog US and EU, and human insulin.  Data are 
summarized in the sponsor table and figure below (from sponsor’s pharmacology written 
summary):

The mean ratio of IC50 values of each SAR342434 to the reference Humalog and human 
insulin were also similar, indicating comparable metabolic activity, as summarized in the 
sponsor table below (from sponsor’s pharmacology written summary):
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The non-normalized data show the same results and are not presented.

4.1.4 Determination of binding affinity of SAR342434 to the IGF-1 receptor 
(Study DIVT0035)

The purpose of this study was to determine the in vitro affinity of SAR342434 for the 
human insulin-like growth factor 1 receptor (IGF-1R). This study was originally reviewed in 
support of the IND filing.

To evaluate binding affinity, a competitive binding assay was performed using mouse 
embryo fibroblast (MEF) 3T3 cells that were stably transfected with a human IGF-1R 
expression plasmid.  Different batches of SAR342434 were compared to Humalog (US 
and EU) and human insulin for their ability to inhibit labeled IGF-1 binding to the human 
IGF-1R.  

The calculated IC50 values and concentration response curves were comparable between 
all test formulations, as summarized in the sponsor table and figure below (from sponsor’s 
pharmacology written summary):
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The ratios of the mean IC50 values for both SAR 432434 batches relative to each Humalog 
and human insulin were also comparable, indicating similar binding affinity to the IGF-1 
receptor.  Data are summarized in the sponsor table below (from sponsor’s pharmacology 
written summary):

Similar results were seen with non-normalized data (not shown).

4.1.5 Analysis of IGF-1 Receptor Autophosphorylation of SAR342434 using 
MEF-IGF1R cells (Study DIVT0027)

The purpose of this study was to assess the in vitro biological activity of SAR342434.

MEF3T3 cells were stably transfected with a human IGF-1R plasmid.  The stimulation of 
autophosphorylation of human IGF-1R was evaluated to assess the biological activity in 
different batches of SAR342434 as compared to that occurring with Humalog (US and EU) 
and the natural ligand IGF-1.  
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The calculated EC50 values were comparable between the various SAR342434 and 
Humalog batches, but none were as potent as the natural ligand.  Data are summarized in 
the sponsor table (from report) and concentration response curves (from sponsor’s 
pharmacology written summary) below:

 Note: Table heading modified by reviewer to fit space constraints; no change to text

The mean ratios of EC50 values between each batch of SAR342434 and each humalog 
were similar, indicating comparable potency for inducing autophsphorylation of the IGF-1 
receptor.  Data are summarized in the sponsor table below (from sponsor’s pharmacology 
written summary):
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The non-normalized data show the same results and are not presented.

4.1.6 Assessment of the mitogenic potency of SAR342434 by measurement of 
14C-thymidine incorporation in the human breast adenocarcinoma cell line 
MCF-7 (Study DIVT0036)

The purpose of this study was to evaluate the mitogenic potency of SAR342434.  This 
study originally reviewed in support of IND filing.

The mitogenic potency of different batches of SAR342434 was compared to that of 
Humalog (US and EU) and human insulin by evaluating insulin-stimulated DNA synthesis 
via the incorporation of labeled thymidine into MCF-7 cells.  

The calculated EC50 values and concentration response curves were similar between the 
SAR342434 batches, Humalog US and EU, and human insulin, as summarized in the 
sponsor table and figure below (from sponsor’s pharmacology written summary):
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The ratios of mean EC50 values was similar between each batch of SAR342434 and each 
of the Humalog or human insulin reference compounds, indicating comparable mitogenic 
activity.  Data are summarized in the sponsor table below (from sponsor’s pharmacology 
written summary):

The non-normalized data show the same results and are not presented.

4.1.7 Assessment of the mitogenic potency of SAR342434 by measurement of 
14C-thymidine incorporation in the human osteosarcoma cell line Saos-2 
(Study DIVT0037)

The mitogenic potency of different batches of SAR342434 was compared to that of 
Humalog US and EU and human insulin by evaluating insulin-stimulated DNA synthesis 
via the incorporation of labeled thymidine into the human osteosarcoma cell line Saos-2.  
This study originally reviewed in support of IND filing.
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The calculated EC50 values were similar between the SAR342434 batches, Humalog EU, 
and human insulin; the EC50 for Humalog US was higher than that of all others, although 
the value was considered similar to the other formulations by the sponsor.  These data are 
summarized in the sponsor table and concentration response curves below:

The ratios of mean EC50 values were similar between different batches of SAR342434 
relative to either Humalog product and human insulin, indicating comparable mitogenic 
potency.  Data are summarized in the sponsor table below (from sponsor’s pharmacology 
written summary):
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4.1.8 Determination of binding affinity of different batches of SAR342434 to the 
insulin receptor B (Study DIVT0045)

The purpose of this study was to determine the in vitro affinity of SAR342434 for the 
human IR-B.

CHO cells stably transfected with the human IR-B plasmid were used to determine the 
affinity of different batches of SAR342434 as compared to Humalog (US and EU) and 
human insulin in a competitive binding assay.  

The calculated IC50 values were comparable between all test formulations.  Data are 
shown in the sponsor table and concentration response curves below (from the sponsor’s 
pharmacology written summary):
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The ratios of IC50 values were comparable for the two batches of SAR342434, indicating 
comparable affinity for IR-B.  Data are shown in the sponsor table below (from sponsor’s 
pharmacology written summary):

The non-normalized data show no differences in calculated values (data not shown).

4.1.9 Analysis of Insulin Receptor Autophosphorylation of different batches of 
SAR342434 using CHO-IR cells (Study DIVT0042)

The purpose of this study was to determine the in vitro activity of different batches of 
SAR342434 to that occurring with Humalog (US and EU).  This study originally reviewed in 
support of the IND filing.

Autophosphorylation of the insulin receptor (IR) was evaluated as an indication of 
functional activity using stably transfected CHO cells overexpressing IR-B.
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The mean EC50 values were comparable between the batches of SAR342434 and both 
the US and EU Humalog formulations.  Data are summarized in the sponsor table and 
concentration response curves below (from the sponsor’s pharmacology written 
summary):

The ratios of the EC50s between each batch of SAR342434 and the Humalog formulations 
was also comparable for inducing autophosphorylation of IR-B, as summarized in the 
sponsor table below (from the sponsor’s pharmacology written summary):
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The non-normalized data did not change interpretations (data not shown).

4.1.10 Assessment of the metabolic activity of SAR342434 by measurement of 
glycerol release from human in vitro differentiated adipocytes (Study 
DIVT0048)

The purpose of this study was to determine the metabolic activity of different batches of 
SAR342434.

The inhibition of glycerol release was evaluated in differentiated human adipocytes was 
measured as a marker of metabolic activity and compared to that occurring with Humalog 
(US and EU) and human insulin.

The calculated IC50 values were considered similar between the different SAR342434 
batches, Humalog US and EU, and human insulin.  Data are summarized in the sponsor 
table and concentration response curves below (from sponsor’s pharmacology written 
summary):
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The ratios of the IC50 values were comparable for both SAR342434 batches relative to 
either Humalog formulation, indicating comparable metabolic activity.  Data are shown in 
the sponsor table below:

No meaningful differences were seen for the calculated IC50 values or ratios with the non-
normaliaed data (data not shown):

4.1.11 Determination of binding affinity of different batches of SAR342434 to the 
IGF-1 receptor (Study DIVT0046)

The binding affinity of different batches of SAR342434 for the IGF-1 receptor was 
compared to that occurring with Humalog and human insulin in a competitive binding 
assay.

Different batches of SAR342434 were evaluated for their potency to inhibit binding of [125I]-
labeled IGF-1 to mouse embryo fibroblast 3T3 cells stably transfected with a human IGF-
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1R expression plasmid.  The IC50 values were determined and compared to that occurring 
with Humalog (US and EU) and human insulin.

The mean IC50 values were considered comparable between the SAR342434 batches and 
both the US and EU Humalog formulations.  The IC50 values of both SAR and Humalog 
formulations were lower than that seen with human insulin.  Data are shown in the sponsor 
table and concentration response curves below (from sponsor’s pharmacology written 
summary):

 

The IC50 ratios of both SAR342434 formulations relative to either Humalog formulation 
were also comparable, but were lower than that based on human insulin.  These data 
indicate that SAR342434 and Humalog have similar binding affinities to the IGF-1 
receptor.  Data are summarized in the sponsor table below (from sponsor’s pharmacology 
written summary):
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The calculated IC50 values or the respective ratios were showed a similar pattern (data not 
shown).

4.1.12 Analysis of IGF 1 Receptor Autophosphorylation of different batches of 
SAR342434 using MEF-IGFR cells (study DIVT0047)

The purpose of this study was to assess the biological activity of different batches of 
SAR342434 as compared to that occurring with Humalog formulations and human insulin.  
This study originally reviewed in support of the IND filing.

A mouse embryo fibroblast 3T3 cell line stably transfected with human IGF-1R was used 
to determine the in vitro activity by determining the potency (EC50) of the test articles to 
stimulate the autophosphorylation of the IGF-1R.

The calculated EC50 values were comparable between the two batches of SAR342434 and 
both Humalog (US and EU).  Neither of the SAR342434 or Humalog formulations were as 
potent as human insulin for which an EC50 of 5.771 nM was calculated.  Data are shown in 
the sponsor table and concentration response curves below (from sponsor’s 
pharmacology written summary):
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The mean EC50 ratios for each batch of SAR342434 relative to either Humalog were also 
comparable, demonstrating comparable activity at the IGF-1 receptor.  Data are shown in 
the sponsor table below (from sponsor’s pharmacology written summary):

The non-normalized data were similar (data not shown).

4.1.13 Assessment of the mitogenic activity of SAR342434 by measurement of 
14C-thymidine incorporation in the human breast adenocarcinoma cell line 
MCF-7 (Study DVT0050)

The potential for different batches of SAR342434 to induce mitogenesis was evaluated 
and compared to that occurring with Humalog and human insulin.
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Insulin-stimulated DNA synthesis was evaluated by the incorporation of [14C]-thymidine 
into human breast adenocarcinoma MCF-7 cells 

The calculated EC50 values for both batches of SAR342434, Humalog (US and EU), and 
human insulin were comparable as shown in the sponsor table and concentration 
response curves below (from sponsor’s pharmacology written summary):

Mean EC50 ratios for each batch of SAR342434 relative to either Humalog formulation or 
human insulin revealed no meaningful differences in mitogenic activity as summarized in 
the sponsor table below (from sponsor’s pharmacology written summary):
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4.1.14 Assessment of the mitogenic activity of SAR342434 by measurement of 
14C-thymidine incorporation in the human osteosarcoma cell line Saos-2 
(Study DIVT0053)

The potential for different batches of SAR342434 to induce mitogenesis was evaluated in 
a second cell line and compared to that occurring with Humalog and human insulin.

Insulin-stimulated DNA synthesis was evaluated by the incorporation of [14C]-thymidine 
into the DNA od Saos-2 human osteosarcoma cells. 

The calculated EC50 values for both batches of SAR342434, Humalog (US), and human 
insulin were comparable.  The calculated EC50 for incorporation in Humalog (EU) was 
higher than that determined for the other insulins, but the difference was not considered 
significant.  Data are shown in the sponsor table and concentration response curves below 
(from sponsor’s pharmacology written summary):
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The mean EC50 ratios for each batch of SAR342434 relative to either Humalog formulation 
or human insulin were considered comparable for the ability to induce mitogenesis, 
although the ratios for each SAR342434 formulation relative to the EU Humalog were 
slightly lower as a result of the higher EC50 value for this formaultion.  The data are 
summarized in the sponsor table below (from sponsor’s pharmacology written summary):

4.1.15 Comparability study of four batches of SAR342434: Binding affinity to the 
human insulin receptor B (study DIVT0076)

The affinity of multiple different batches of SAR342434 for the insulin receptor isoform B 
(IR-B) was evaluated in a competitive binding assay.
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The potency of 4 different batches of SAR342434 to inhibit the binding of [125I]-insulin to 
CHO cells overexpressing the glucose transporter GLUT4 that were stably transfected 
with a human insulin receptor B plasmid (CHO-hIR-B cells) was evaluated and compared 
to that occurring with a like number of batches of Humalog (US and EU) in 4 independent 
experiments.

The binding affinities of the various batches of SAR342434 and Humalog (US and EU) in 
each experiment were comparable to each other.  The means for each batch evaluated 
are shown in the sponsor table below (from sponsor report):

The weighted geometric mean IC50 values calculated across all experiments and 
concentration response curves are summarized in the sponsor table and figure below 
(from sponsor’s pharmacology written summary):
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The ratio of mean IC50 values was also comparable, indicating similar binding affinity to IR-
B as summarized in the sponsor table below (from the sponsor’s pharmacology written 
summary):

The non-normalized data showed no changes in the calculated IC50 values or respective 
ratios (data not shown).

4.1.16 Comparability study of four batches of SAR342434: Binding affinity to the 
human insulin receptor A (Study DIVT0077)

The binding affinity of different batches of SAR342434 for the insulin receptor isoform A 
(IR-A) was evaluated in a competitive binding assay.

The potency of 4 different batches of SAR342434 to inhibit the binding of [125I]-insulin to 
CHO cells stably transfected with a human insulin receptor A plasmid (CHO-hIR-B cells) 
was evaluated and compared to that occurring with a like number of batches of Humalog 
(US and EU) in 4 independent experiments.
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The calculated IC50 values of the various batches of SAR342434 and Humalog (US and 
EU) in each experiment were similar to each other as summarized in the sponsor table 
below (from sponsor report):

The weighted geometric mean IC50 values calculated across all experiments are 
summarized in the sponsor table and concentration response curves below (from 
sponsor’s pharmacology written summary):
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The ratios of mean IC50 values were also comparable, indicating comparable binding 
affinity to IR-A.  Data are summarized in the sponsor table below (from the sponsor’s 
pharmacology written summary):

The non-normalized data showed similar results (data not shown).

4.1.17 Comparability study of four batches of SAR342434: Binding affinity to the 
human IGF-1 receptor (Study DIVT0078)

The purpose of this study was to evaluate the affinity of different batches of SAR342434 
for the IGF-1 receptor.

The potency of 4 different batches of SAR342434 to competitively inhibit the binding of 
[125I]-labeled IGF-1 to the human IGF-1R was evaluated using mouse embryo fibroblast 
3T3 cells transfected with human IGF-1R and IC50 values were determined.  Four batches 
of each Humalog (US and EU) were also evaluated for comparison.  These assessments 
were made in 4 separate experiments.
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The IC50 values calculated for each batch of SAR342434 and the different Humalogs (US 
and EU) were similar in each of the experiments and between the experiments as 
summarized in the sponsor figure below:

The mean IC50 values are summarized in the sponsor table and concentration response 
curves below (from sponsor’s pharmacology written summary):
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The ratios of mean IC50 values between the two sources of Humalog and between 
SAR342434 and the Humalog from different sources were comparable, indicating similar 
binding affinities for IGF-1R.  Data are shown in the sponsor table below (from the 
sponsor’s pharmacology written summary):

The non-normalized data showed similar results (data not shown).

4.1.18 Determination of binding kinetics of SAR342434 to the insulin receptor 
isoform-B (Study DIVT0091)

The purpose of this study was to characterize the binding kinetics of SAR342434 to the 
human IR-B.

The association and dissociation kinetics of SAR342434 to human IR-B that is expressed 
on CHO cells that were stably transfected with a human IR-B were determined for 4 
batches of SAR342434 and 4 batches of Humalog from each source (US and EU).  The 
kinetics were determined for both the high (ka1/kd1) and low (ka2/kd2) affinity binding 
sites.

Reference ID: 4127439



NDA 209196 D. Minck

44

The mean association and dissociation constants for both the low and high affinity sites 
were comparable between each batch of SAR342434, between each batch of Humalog 
from both sources, and between the SAR342434 and Humalog batches.  The mean kinetic 
data across each experiment are summarized in the sponsor table below (from the 
sponsor report):

The kinetic ratios between the Humalog from different sources and between the batches of 
SAR342434 and Humalog from each source were also comparable as shown in the 
sponsor table below (from the sponsor report), indicating comaparable association and 
dissociation kinetics at IR-B:
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4.1.19 Determination of binding kinetics of SAR342434 to the insulin receptor 
isoform-A (Study DIVT0090)

The purpose of this study was to characterize the binding kinetics of SAR342434 to the 
human IR-A.

The association and dissociation kinetics of SAR342434 to human IR-A that is expressed 
on CHO cells that were stably transfected with a human IR-A were determined for 4 
batches of SAR342434 and 4 batches of Humalog from each source (US and EU).  The 
kinetics were determined for both the high (ka1/kd1) and low (ka2/kd2) affinity binding 
sites.

The mean association and dissociation constants for both the low and high affinity sites for 
IR-A were also comparable between the various batches of SAR342434 and the Humalog 
batches from different sources (US and EU.  The mean kinetic data are summarized in the 
sponsor table below (from the sponsor report):
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The ratios of mean kinetic values between the Humalog from different sources and 
between SAR342434 and Humalog from different sources were also comparable, 
indicating similar association/dissociation kinetics at AR-A.  Data are summarized in the 
sponsor table below (from sponsor’s pharmacology written summary):
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4.1.20 Comparability study of four batches of SAR342434: Autophosphorylation 
of insulin receptor-B in CHO-IR-B cells (Study DIVT0080)

The purpose of this study was to compare the autophosphorylation of IR-B induced by 
different batches of SAR342434 to that induced by Humalog in an immunocytochemical 
assay.

CHO cells overexpressing isoform B of the human insulin receptor (CHO-IR-B) were 
cultured in the presence of SAR342434 or Humalog (US and EU) from 4 different batches.  
Autophosphorylation of IR-B was detected using an immunocytochemical microplate 
assay based on two-color fluorescence in multiple idependent experiments.

The mean EC50 values across experiments were comparable for each compound, and the 
mean values across experiments for each batch are summarized in the sponsor table 
below (from report): 
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The mean EC50 values for each compound are summarized in the sponsor table and 
concentration response curves below (from sponsor’s pharmacology written summary):
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The ratios of mean EC50 values between the two sources of Humalog and between 
SAR342434 and Humalog from different sources were also comparable for inducing 
autophosphorylation at the IR-B, as summarized in the sponsor table below (from 
sponsor’s pharmacology written summary):

The non-normalized data revealed similar patterns (data not shown).

4.1.21 Comparability study of four batches of SAR342434: Autophosphorylation 
of insulin receptor-A in CHO-IR-A cells (Study DIVT0079)

The purpose of this study was to compare the autophosphorylation of IR-A induced by 
different batches of SAR342434 to that induced by Humalog in an immunocytochemical 
assay.

CHO cells overexpressing isoform B of the human insulin receptor (CHO-IR-A) were 
cultured in the presence of SAR342434 or Humalog (US and EU) from 4 different batches.  
Autophosphorylation of IR-B was detected using an immunocytochemical microplate 
assay based on two-color fluorescence in multiple idependent experiments.
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The mean EC50 values were comparable for each compound and across compounds for 
each experiment.  Data are summarized in the sponsor table below (from report):

The mean EC50 values for each compound are summarized in the sponsor table and 
concentration response curves below (from sponsor’s pharmacology written summary):
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The ratios of mean EC50 values between Humalog from different sources and between 
SAR342434 and Humalog from either source were also comparable for inducing 
autophosphorylation at IR-A, as summarized in the sponsor table below (from sponsor’s 
pharmacology written summary):

The non-normalized data revealed similar patterns (data not shown).

4.1.22 Comparability study of four batches of SAR342434: Autophosphorylation 
of IGFR in MEF-IGFR cells (Study DIVT0083)

The purpose of this study was to compare the in vitro activity of different batches of 
SAR342434 to that induced by Humalog on the human IGF-1 receptor in an 
immunocytochemical assay.

Phosphorylation of the IGF-1 receptor (IGF1R) was evaluated using mouse embryo 
fibroblast 3T3 cells stably transfected with human IGF1R in an immunocytochemical 
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microplate assay based on two-color fluorescence was applied in multiple idependent 
experiments.

The mean EC50 values were considered comparable for each batch of compound across 
experiments, and the means are summarized in the sponsor table below (from report):  

The mean EC50 values for each compound are summarized in the sponsor table and 
concentration response curves below (from sponsor’s pharmacology written summary):
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The ratios of mean EC50 values between Humalog from different sources and between 
SAR342434 and Humalog from either source were also comparable, indicating that 
SAR342434 and Humalog have similar potency for stimulating human IGF-1R 
autophosphorylation.  Data are summarized in the sponsor table below (from sponsor’s 
pharmacology written summary):

The non-normalized data revealed similar patterns (data not shown).

4.1.23 Comparability study of four batches of SAR342434: Lipolysis (glycerol 
release) in human in vitro differentiated adipocytes (Study DIVT0081)

The purpose of this study was to evaluate the activity of SAR342434 by measuring the 
inhibition of lipolysis.

The inhibition of lipolysis as a metabolic activity of insulin and insulin analogs was 
measured by estimating glycerol release from differentiated human adipocytes exposed to 
multiple different batches of SAR342434 and Humalog (US and EU) in multiple 
experiments.
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The calculated IC50 values were comparable for each compound between each 
experiment, and the means for each batch are summarized in the sponsor table below 
(from report): 

The mean values for each compound are summarized in the sponsor table and 
concentration response curves below (from sponsor’s pharmacology written summary):
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The ratios of mean IC50 values between Humalog from different sources and between 
SAR342434 and Humalog from either source were also comparable indicating 
SAR342434 and Humalog have similar lipolysis inhibition activities as summarized in the 
sponsor table below (from sponsor’s pharmacology written summary):

The non-normalized data revealed similar patterns (data not shown).

4.1.24 Comparability study of four batches of SAR342434: Glucose uptake using 
L6 myocytes (Study DIVT0082)

The purpose of this study was to compare the metabolic activity of different batches of 
SAR342434 to that of Humalog.

Metabolic activity was evaluated by measuring the potency of 14C-glucose uptake in rat L6 
myocytes for 4 batches each of SAR342434, Humalog US, and Humalog EU.
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The calculated EC50 values for each insulin analog across experiments were similar, and 
the mean values for each batch of each compound are summarized in the sponsor table 
below (from report): 

The mean EC50 values for SAR342434 and Humalog from the different sources are 
summarized in the sponsor table and concentration response curves below (from 
sponsor’s pharmacology written summary):
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The ratio of mean EC50 values were considered comparable indicating that SAR342434 
and Humalog have similar stimulatory activities for glucose uptake.  Data are summarized 
in the sponsor table below) from sponsor’s pharmacology written summary):

The non-normalized data revealed similar patterns (data not shown).

4.1.25 Comparability study of four batches of SAR342434: Glucose-6-
phosphatase (G6PC) expression in human primary hepatocytes (upcyte) 
(Study DIVT0087)

The purpose of this study was to determine the potency of different batches of 
SAR342434 to attenuate gluconeogenesis gene expression as compared to Humalog.

Multiple different batches of SAR342434 and Humalog (US and EU) were evaluated for 
their ability to inhibit glucose 6-phosphatase (G6PC) expression in in-vitro primary human 
hepatocytes using a quantitative polymerase chain reaction (qPCR) assay. Upcyte® is a 
human hepatocyte cell system that exhibits proliferative capacity for population doublings.  
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IC50 values for each batch were determined and the weighted geometric mean for each 
compound was calculated as a measure of G6PC expression.

The mean IC50 values were determined for each compound in multiple experiments.  The 
data demonstrated comparability between experiments for each batch of each compound, 
resulting in similar mean IC50 values.  The mean values for each batch of each compound 
are summarized in the sponsor table below (from report):

The mean values for each compound and concentration response curves are summarized 
in the sponsor table and figure below (from sponsor’s pharmacology written summary):
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To address the variability occurring between different batches of each compound, the 
maximum reduction in expression of G6PC was compared to the expression at baseline.  
Following this adjustment, the mean reduction in expression for each compound was 
determined.  This adjustment also demonstrated comparable inhibition between 
SAR342434 and Humalog (US and EU).  These data are shown in the sponsor table 
below (from sponsor’s pharmacology written summary):
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The ratio of mean IC50 values between Humalog from different sources and between 
SAR342434 and Humalog from each source was considered comparable, indicating that 
SAR342434 is comparable to Humalog for attenuating G6PC gene expression.  Data are 
summarized in the sponsor table below (from sponsor’s pharmacology written summary):

4.1.26 Comparability study of four batches of SAR342434: 14C-thymidine 
incorporation in human breast adenocarcinoma cell line MCF-7 (Study 
DIVT0088)

The purpose of this study was to evaluate the mitogenic potential for multiple batches of 
SAR342434 as compared to that occurring with Humalog from different sources.

The incorporation of [14C]-thymidine the into DNA of human breast adenocarcinoma cell 
line MCF-7 cells was evaluated to assess the mitogenic potency of multiple batches of 
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SAR342434 and compared to that from multiple batches of Humalog (US and EU) in 
multiple independent experiments.

The EC50 values for the incorporation of label into DNA were comparable between the 
various batches of SAR342434 and each Humalog (US and EU) for each of the 
experiments.  The mean EC50 values for each batch of each compound are summarized in 
the sponsor table below (from report):

The mean EC50 values for each compound and concentration response curves are 
summarized in the sponsor table and figure below (from sponsor’s pharmacology written 
summary):
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Concentrations ranging from  nM of each impurity were evaluated to 
determine the EC50.

Although SAR342434 was  than the three impurities for inducing 
autophosphorylation of IR-B, the EC50 values were considered comparable between 
SAR342434 and the three impurities.  The mean EC50 values and concentration-response 
curves averaged over all experiments are summarized in the sponsor table and figure 
below (from sponsor’s pharmacology written summary):

The ratio of mean EC50 values between each impurity and SAR342434 were not 
considered biologically relevant by the sponsor given the variability within the assay.  Data 
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are summarized in the sponsor table below (from sponsor’s pharmacology written 
summary):

4.1.28 Analysis of IGF Receptor Autophosphorylation of isolated impurities of 
SAR342434 using MEF-IGFR cells (Study DIVT0066)

The three impurities of SAR342434 (identified above in 4.2.1.27) were evaluated for their 
ability to induce autophosphorylation of IR-B in MEF cells overexpressing the human IGF-
1 receptor using an immunocytochemical microplate assay based on two-color 
fluorescence.  Concentrations ranging from  nM of each impurity were 
evaluated to determine the EC50.

SAR342434 was  than the three impurities for inducing autophosphorylation of 
the IGF-1 receptor.  The mean EC50 values are summarized in the sponsor table and 
concentration response curves below (from sponsor’s pharmacology written summary):
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The ratio of mean EC50 values between the three different impurities and SAR342434 
demonstrate that the impurities are  than SAR342434 for inducing 
autophosphorylation of the IGF-1 receptor.  Data are summarized in the sponsor table 
below (from sponsor’s pharmacology written summary):

The non-normalized data demonstrated similar profiles (data not shown).

4.2 Secondary Pharmacology
No secondary pharmacology studies were performed

4.3 Safety Pharmacology
As SAR342434 is a follow-on product; no specific safety pharmacology studies were 
performed.
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5 Pharmacokinetics/ADME/Toxicokinetics
5.1 PK/ADME
No separate PK or metabolism studies with SAR342434 were been conducted.

5.2 Toxicokinetics 
TK data with SAR342434 were generated as a component of the 1-month repeat dose 
toxicity studies and the exposures were compared to that occurring with Humalog (US and 
EU).  In these studies, tk profiles were determined for SAR342434 and the comparator 
Humalog on days 1 and 29 following twice daily (4 hours apart) subcutaneous 
administration.  The main tk observations for each study are summarized within this section.

1-month study with SAR342434 compared to Humalog US (study TSA1519)
Dosages of 10, 50, and 200 U/kg/day (5, 25, and 100 U/kg/dose) of each compound were 
administered.  For both SAR342434 and Humalog US, tmax occurred at 0.33 hours, 
exposure increased with dose in greater than proportional manner, and accumulation was 
seen with repeated dosing.  Exposures tended to be similar between males and females.  
Taking into account the study design, exposures were considered similar between the 
compounds at each dose administered.  Exposure data are summarized in the sponsor 
table below (from sponsor’s toxicology written summary):

Note that the dose level information was revised by reviewer to accurately reflect the dosage units administered

The exposure profiles for the two compounds at each dose are shown in the sponsor 
figures below (from study report):
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The percentages of animals positive for anti-drug (insulin) antibodies increased with dose.  
The percentages of positive animals at each dose were also comparable between the two 
compounds.

1-month study with SAR342434 compared to Humalog EU (study TSA1505)
Dosages of 10, 50, and 200 U/kg/day (5, 25, and 100 U/kg/dose) of each compound were 
administered.  For both SAR342434 and Humalog EU, tmax occurred within 1 hour, 
exposure increased with dose but not necessarily in a dose proportional manner, and 
accumulation was seen with repeated dosing.  Exposures tended to be higher in females 
as compared to males at the highest dosage of each compound administered on day 29.  
Taking into account the study design, exposures were considered similar between the 
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compounds at each dose administered.  Exposure data are summarized in the sponsor 
table below (from sponsor’s toxicology written summary):

Note that the dose level information was revised by reviewer to accurately reflect the dosage units administered

The exposure profiles for the two compounds at each dose are shown in the sponsor 
figures below (from study report):

Reference ID: 4127439



NDA 209196 D. Minck

69

The percentages of animals positive for anti-drug (insulin) antibodies showed a slight 
increase with dose.  The percentages of positive animals at each dose were also 
comparable between the two compounds.

6 General Toxicology
The toxicological development program consisted of two repeat-dose toxicity studies in 
rats, each with a duration of 1 month, and a local tolerability study in rabbits.  In one of the 
repeat dose bridging studies the effects of SAR342434 were compared to the reference 
drug Humalog US while in the other study SAR342434 was compared to Humalog EU.  
Only the study in which SAR342434 was compared to Humalog-US is summarized within 
this review.  In addition, a local tolerance study was conducted to evaluate the effects of 
SAR342434 following single subcutaneous, intravenous, paravenous, or intramuscular 
injection to those effects seen following administration of Humalog EU by the same routes; 
this study is summarized in section 10.  

The limited nonclinical toxicity testing strategy was considered adequate to determine if 
there were differences in the toxicity profiles between SAR342434 and marketed Humalog 
formulations, provided that there were no changes to the formulation or compatibility 
issues identified with administration devices.

6.1 Single-Dose Toxicity
Single dose toxicity studies were not performed.

6.2 Repeat-Dose Toxicity
6.2.1 SAR342434 and Insulin Lispro: 1-Month Comparative Subcutaneous 
Administration Toxicity Study in the Rat

The objective of this bridging study was to compare the toxicity of SAR342434 to that of 
the US marketed Insulin Lispro (Humalog®; identified as Humalog-US in this study 
review).  

Reference ID: 4127439



NDA 209196 D. Minck

70

Study title:  
Study no.: TSA1519  

Study report location: EDR - SDN 1, 1 Nov 2016 
(originally submitted in SDN 3 (26 Jun 
14) for IND 120511

Conducting laboratory and 
location:

Date of study initiation: 22 Oct 2012
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: SAR342434 – C1024625, 99.9%

Humalog – A962891A, 99.03%

Note that purity corresponds to number of lispro insulin units/mL  

Key Study Findings
The study design was appropriate for comparing the effects of SAR342434 to those of 
Humalog-US following administration of the same doses to rats.  The twice daily 
subcutaneous administration of up to 200 U/kg/day revealed no significant differences 
between the two insulin lispro formulations.  Drug-related effects observed included the 
following:

 Comparable increases in body weight/body weight gain relative to controls at 200 
U/kg, but no differences between insulin lispro formulations

 Similar increases in feed consumption with both insulin lispro formulations relative 
to controls

 Comparable increases in blood glucose levels reflective of an over-compensation 
following treatment as post-dose glucose levels were decreased to a comparable 
extent following each dose administration

 Similar reductions in body weight adjusted liver weights at a given dose
 Minimal to slight inflammation/hemorrhage at the injection site in animals from all 

groups
 No evidence of proliferation in mammary tissue
 The pk profiles were similar between the two formulations, including comparable 

Cmax and AUC0-8 values
 The incidence of anti-drug antibody formation was similar between SAR342434 and 

Humalog-US

Based on the similar pattern of effects and comparable exposures occurring with the two 
insulin lispro formulations, SAR342434 was considered similar to Humalog-US.  At 200 
U/kg/day, the AUC0-8 values (18800 and 19100 ng·hr/mL in males and females, 
respectively) with SAR342434 were analogous to those seen (15000 and 23300 ng·hr/mL 
in males and females, respectively) at this dose with Humalog-US.
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Study Design:  The study design is summarized in the sponsor table below:
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Methods
Doses: 0, 5, 25, 100 U/kg/day were administered twice 

daily (total daily doses of 0, 10, 50, 200 U/kg/day) 
for both test articles

Frequency of dosing: twice daily approximately 4 hours apart
Route of administration: subcutaneous injection

Dose volume: 0.05, 0.25, or 1 mL/kg at L, M, and H doses, 
respectively

Formulation/Vehicle: Buffered Glycerol 
Species/Strain: rat; Sprague-Dawley/ Crl:CD(SD)  

Number/Sex/Group: see sponsor table above
Age: 7 – 8 weeks at dosing initiation

Weight: males 195-314 g, females 171-2282 g
Satellite groups: toxicokinetics from 6 (control) or 18 (drug-treated) 

/sex/group
Unique study design: standard + Ki-67 immunohistochemistry for cell 

proliferation activity
Deviation from study protocol: minor

Observations and Results 
This study was initially reviewed as part of the IND review finalized 18 Jul 14.  The text 
and tables below are either directly from the previous review or based on the previous 
review unless otherwise indicated.   

Mortality:  Two females given 50 U/kg/day of SAR342434 (one toxicity animal and one 
toxicokinetic animal) died or were euthanized in moribund condition during the dosing 
phase.

On Day 25, a female rat was found outside of the cage approximately 2 hours after the 
first dose.  This animal presented with clinical signs (limited use of the hind quarters, low 
carriage, lateral recumbency, hypoactivity, ataxia, and irregular respiration) and died prior 
to necropsy.  This death was not considered drug-related since no significant macroscopic 
or microscopic observations were noted in this or other animals at the same or higher 
dosages, and no mortality occurred at 200 U/kg/day SAR342434.

On Day 29 one female rat that had been bled for toxicokinetic evaluation earlier in the day 
had clinical signs (ataxic, cold to touch, hypoactive, and with clear oral discharge and 
labored respiration) approximately 4 hours after the first dose administration of the day.  
The glucose level in this rat was below the limit of detection (< 20 mg/dL). It had no 
macroscopic observations at necropsy, including no evidence of blood collection trauma. 
This death was of uncertain relationship to treatment although the low glucose was 
considered drug-related.  However, given the absence of deaths in other animals at 
dosages > 50 U/kg/day, this death is also considered unlikely to be solely due to drug 
treatment, possibly being confounded by concurrent stress (blood collection).
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In summary, the two deaths at 50 U/kg/day were considered unlikely to be due to 
SAR3424234 alone.  

Clinical Signs:  There were no compound-related clinical signs in surviving animals.

Body Weights:  At 200 U/kg/day, comparable increases in weight gain were seen with 
both SAR342434 (by 15% in males and 32% in females) and Humalog-US (by 24% in 
males and 46% in females) over the 29-day dosing period.  These differences in mean 
body weight gain resulted in higher mean body weights on day 29 in the SAR342434 (6%) 
and Humalog US (10%; statistically significant for females) groups relative to control 
weights.  There were no significant differences in body weight or body weight gain 
between SAR 432434 and Humalog-US groups.  Data are tabulated in the reviewer 
created table below:

Mean Group Body Weight/Body Weight Gain (in grams)

Daily Dosage

SAR342434 Humalog-US
Day/

interval
0 (C) 10 50 200 10 50 200

males
1 240 240 237 239 244 243 243
8 285 289 287 294 290 203 304
15 327 335 332 342 331 338 357
22 365 375 372 386 368 375 399
29 395 408 404 419 (+6% v C) 396 404 435 (+10% v C)
1 - 8 45 49 50 55 (+22%* v C) 46 50 61 (+36%** v C)
8 - 15 42 46 45 48 41 45 53 (+26%** v C)
15 - 22 38 40 40 44 37 37 42
22 - 29 30 34 31 33 28 30 36
1 - 29 155 168 166 179 (+15%* v C) 152 161 192 (+24%** v C)
females
1 204 201 210 202 204 206 204
8 225 219 231 229 223 229 234
15 240 237 251 251 241 249 256
22 258 255 268 269 258 265 277
29 268 264 281 284 (+6% v C) 272 278 295 (+10% v C**)
1 - 8 21 19 21 27 (+29%* v C) 19 23 30 (+43%*** v C)
8 – 15 15 18 21 23 18 20 22
15 – 22 18 18 16 17 16 16 22
22 – 29 9 8 14 16 (+78%* v C) 14 13 18 (+100%*** v C)
1 - 29 63 63 71 83 (+32%*** v C) 68 72 92 (+46%*** v C)
*p<0.05; **p<0.01; ***p<0.001

Feed Consumption:  Increased mean food consumption was evident during weeks 3 and 
4 in males given both SAR342434 (up to 16%) and Humalog-US (up to 19%) at 200 
U/kg/day (statistically significant relative to controls, but not different from each other).  In 
females, decreased feed consumption was evident at 10 U/kg/day with both insulin lispro 
formulations.  At 200 U/kg/day, increased feed consumption was seen during week 4 
(13%) in animals administered SAR342434 and during weeks 3 and 4 (up to 19%) in 

Reference ID: 4127439



NDA 209196 D. Minck

74

animals administered Humalog-US; these effects were statistically significant compared to 
controls, but not different between the insulin lispro groups.

Ophthalmoscopy:  No effects seen.

Hematology and Coagulation:  At 200 U/kg/day, both SAR342434 and Humalog-US 
produced minimally higher red cell distribution width in both sexes (+6% to +7% relative to 
control, respectively).  There were no effects on coagulation parameters.

Clinical Chemistry:  Clinical chemistry analyses on samples obtained at study 
termination revealed mild to moderated increases (+13% to +36% relative to control) in 
glucose levels at doses > 50 U/kg/day with both insulin lispro formulations, as summarized 
in the reviewer-created table below:

Mean Glucose Levels (mg/dL)

Daily Dosage

SAR342434 Humalog-US
0 (C) 10 50 200 10 50 200

males
134 143 160

(+19%*** vs C)
171

(+28%*** vs C)
143 156

(+16%*** vs C)
179

(+34%*** vs C)
females

129 135 146
(+13%*** vs C)

167
(+29%*** vs C)

137 158
(+22%*** vs C)

176
(+36%*** vs C)

***p<0.001

The increases in glucose levels were considered to reflect over-compensatory increases 
following treatment as moderate post-dose reductions in glucose levels relative to controls 
were seen following both dose administrations on both days 1 and 29 with both 
SAR342434 and Humalog-US.  The reductions in glucose levels were of a similar 
magnitude between SAR342434 and Humalog-US.  The post-dose reductions in glucose 
levels are summarized in the sponsor tables below:
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Additional clinical chemistry alterations of note included slight increases in phosphorous 
levels in males administered SAR 432434 (up to 6% at > 50 U/kg/day) and Humalog US 
(11% at 200 U/kg/day of Humalog-US) considered possibly related to the increased feed 
consumption and slight decreases (13%) in BUN in males administered 200 U/kg/day of 
both SAR342434 and Humalog-US.  These and other statistically significant effects were 
not considered adverse based on the small magnitude of change. 

Urinalysis:  No effects were evident.
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Gross Pathology:  Discoloration of the subcutaneous injection site occurred at a 
comparable incidence between all treated groups, including in controls.  This effect was 
attributed to hemorrhage related to the injection procedure.

Organ Weights:  There were no meaningful differences in organ weights between 
SAR342434 and Humalog-US groups.

Relative to controls, liver weight alterations were evident in males administered > 50 
U/kg/day and in females at all doses of both insulin lispro formulations.  Although absolute 
weights were increased at 200 U/kg/day, the body weight adjusted weights were all 
decreased (-3% to -11%) as summarized in the reviewer created table below:

Mean Liver Weights

Daily Dosage

SAR342434 Humalog-USMeasure

0 (C) 10 50 200 10 50 200
males

absolute (g) 13.45 14.19 12.52*** 13.26*** 13.11 12.34*** 13.76***
bw adj (%) 3.52 3.53 3.15*** 3.24*** 3.42 3.17*** 3.20***

females
absolute (g) 9.87 9.04 9.38*** 9.45*** 9.19** 9.43*** 10.24*
bw adj (%) 3.81 3.53 3.42*** 3.40*** 3.48** 3.46*** 3.55*

*p<0.01; **p<0.05; ***p<0.001
Note that percentages are rounded

All other effects on organ weights were considered secondary to the increased body 
weights of treated animals.

Histopathology:
Adequate Battery: Yes
Peer Review:  Yes

There were not considered to be any significant differences in microscopic observations 
between the different insulin lispro formulations.  Minimal inflammation and/slight 
hemorrhage were noted at the subcutaneous injection site of animals from all groups.

Special Evaluation:  The potential for cell proliferation was evaluated in mammary gland 
tissue from females administered 200 U/kg/day of both insulin lispro formulations and 
controls.  Representative tissue samples of the mammary gland from all female high dose 
groups (groups 4 and 7) and the control group were immunostained with Ki-67 and 
examined quantitatively for proliferation activity using Cell Proliferation and Apoptosis 
Count (CEPA) image analysis software.  Each of the drug-treated HD groups was 
compared to control.  The HD drug-treated groups were also compared to each other 
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using an equivalence approach and the 90% confidence interval for the average difference 
in percent proliferating cells was calculated.  

The proliferative activity was low and comparable between the three groups.  While the 
median percent of proliferating cells in SAR342434-treated females was nominally higher 
than Humalog-US-treated females (2.6 vs. 1.0), analysis of the range and distribution of 
individual animal values, and the 90% confidence interval, indicates no difference between 
the insulins.  Data are summarized in the sponsor table and figure below:
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Toxicokinetics:  The toxicokinetic profiles were similar between SAR342434 and insulin 
lispro, although there was considerable variability between animals.  For both compounds, 
the tmax occurred at 0.33 hours and the exposure (Cmax and AUC0-8) increased in a greater 
than proportional manner.  Exposures were comparably higher on day 29 as compared to 
day 1 for both SAR342434 and insulin lispro (mean accumulation ratios of 2.46 and 3.16, 
respectively).  No significant gender differences were observed with either compound.  
The exposure data are summarized in the sponsor tables and figures below:
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The data have also been summarized graphically in the sponsor figures below:

A more detailed review of the toxicokinetic data from this study appears in section 5.2 
above.
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Anti-Drug Antibodies:  A similar percentage of anti-SAR342434 antibody positive 
animals and anti-Insulin Lispro antibody positive animals were observed at equivalent 
doses.  In the drug treated group at least one third of the animals were ADA-positive, and 
the percentage of ADA-positive animals increased with increasing dose.  Note that the 
percentage of ADA-positive female animals was higher than that of male animals. 
Generally, the positive ADA status was confirmed by titer determinations.  All the control 
group animals had negative anti-drug antibody (ADA) on Day 29.  The observed ADA 
formation may explain the observed increase in exposure (AUC0-8) from Day 1 to 29.  The 
incidence of ADA positive animals is shown in the sponsor table below:

Dosing Solution Analysis:  NA – pre-formulated dosing formulations were used. 

7 Genetic Toxicology
No genetic toxicology studies were performed with SAR342434.  The sponsor is instead 
relying on the Agency’s previous findings supporting the commercial use of the RLD.  As 
per the label of the RLD:

Insulin lispro was not mutagenic in the following genetic toxicity assays: bacterial 
mutation, unscheduled DNA synthesis, mouse lymphoma, chromosomal aberration 
and micronucleus assays.

8 Carcinogenicity

No carcinogenicity studies were performed with SAR342434.  The sponsor is relying on 
the previous Agency findings with another insulin lispro to support their product.  As per 
the label of the RLD:

Standard 2-year carcinogenicity studies in animals have not been performed. In 
Fischer 344 rats, a 12-month repeat-dose toxicity study was conducted with insulin 
lispro at subcutaneous doses of 20 and 200 units/kg/day (approximately 3 and 32 
times the human subcutaneous dose of 1 unit/kg/day, based on units/body surface 
area). Insulin lispro did not produce important target organ toxicity including 
mammary tumors at any dose.
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9 Reproductive and Developmental Toxicology
No reproductive and developmental toxicity studies were performed with SAR342434.  
The sponsor is relying on the FDA’s previous findings of safety and efficacy based on 
studies conducted in support of the commercial use of the RLD.

10 Special Toxicology Studies
The sponsor conducted a local tolerance study with SAR342434.  Although Humalog-EU 
was the comparator compound, the results are considered pertinent as this is the only 
local tolerance study performed.

10.1 SAR342434 - Local subcutaneous, intravenous, paravenous and 
intramuscular tolerance study in male rabbits (Study TOL1162)

The objective of this GLP study was to compare the local tolerance of SAR342434 (101.4 
U/kg/day) to that of insulin lispro (Humalog-EU; 100 U/kg/day) following single 
subcutaneous (SC; 0.1 mL/animal), intravenous (IV; 0.5 mL/animal), para-venous (PV; 0.1 
mL/animal), or intra-muscular (IM; 0.5 mL/animal) administration.  

Each group consisted of 3 male rabbits and each rabbit was dosed either by the 
combination of the IM and the PV routes or the IV and the SC routes with each compound.  
Control animals were injected with 0.9% NaCl contra-laterally for the SC and IM routes in 
all these groups, and two distinct groups of 3 animals received 0.9% NaCl on both ears by 
IV or PV routes.  Local tolerance, mortality, clinical signs, and body weight were 
determined; necropsies were performed 24 h or 120 h after administration and the injection 
sites of all rabbits were dissected, examined, and fixed for histological assessment.

No general toxicity, as assessed through absence of clinical signs, mortality, and body 
weight changes, were noted during the study.  Local tolerance assessment at the injection 
sites revealed no differences between the groups.  The numbers of animals with each 
observation are summarized in the reviewer created table below:

Local Tolerance Observations

group erythema edema hematoma number with 
observationsa

intravenous
control 3 1 4
SAR342434 1 1 1
Humalog-EU 1 1 2

para-venous
control 2 3 3
SAR342434 3 3
Humalog-EU 2 2 3

subcutaneous
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control 2 1 3 3
SAR342434 2 3 3 3
Humalog-EU 2 2 2

intra-muscular
control 0
SAR342434 0
Humalog-EU 1 1

a n = 6 animals/group (3 evaluated at 24 hours and 3 evaluated at 120 hours after 
dose administration 

Macroscopic observations revealed no differences between treatments.  The only 
observation of note was red discoloration at the injection site occurring at comparable 
incidences between the two insulin formulations and relative to controls as summarized in 
the sponsor table below:

Microscopic observations were generally similar between groups with all of the routes. 
With the exception of moderate multifocal necrosis/degeneration with mild hemorrhagic 
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infiltration and acute inflammation seen in a single rabbit administered SAR342434 by IM 
injection, all observations were considered related to the treatment procedure.  
Observations are summarized in the sponsor tables below:
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In conclusion, tolerability was considered similar between the two insulin formulations.  
Tolerability was considered very good when administered by the subcutaneous (intended 
route of clinical use), intravenous and para-venous routes, and good when administered 
by the intramuscular route.

11 Integrated Summary and Safety Evaluation
Sanofi-Aventis is seeking marketing approval under the 505(b)2 regulatory pathway for 
SAR342434 (insulin lispro [rDNA origin], 100 Units/mL) solution for injection indicated to 
improve glycemic control in adults and children with diabetes mellitus.  It is a human insulin 
analogue produced by recombinant DNA technology utilizing a non-pathogenic laboratory 
strain of E. coli  as the production organism.  It has the same amino acid sequence 
and structure as the reference listed drug (RLD) Humalog® (100 U/mL) and is intended to 
have the same indications, dosage form, route of administration, and dosing regimen as the 
RLD.

The clinical development plan was designed to demonstrate similarity between SAR342434 
and the US and/or EU versions of the RLD Humalog in individuals with T1DM and T2DM.  
In the initial clinical studies, the pharmacokinetic and pharmacodynamic effects of 
SAR342434 and Humalog (US and EU) were compared.  These studies were followed by 
safety and efficacy studies in which SAR342434 and Humalog (US and EU) were 
compared, including a study in which insulin formulations were administered by continuous 
subcutaneous infusion. 

The nonclinical studies supporting this 505(b)(2) application included multiple studies in 
which the pharmacologic activity of various batches of SAR342434 were compared to that 
of various batches of Humalog (US and EU).  Toxicology studies were limited to 1 month 
bridging studies in rats in which SAR342434 was compared to either Humalog-US or 
Humalog-EU; these studies included pharmacodynamic (eg, glucose lowering) and 
pharmacokinetic/toxicokinetic endpoints.  A local tolerance study was also performed in 
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A local tolerance study was also performed.  Although Humalog-US was not evaluated, this 
study revealed similar observations at the injection site following the administration of 
SAR342434 or Humalog-EU as a single dose of approximately 100 U/kg by subcutaneous 
(intended route of clinical use), intravenous, para-venous, and intramuscular injection.

In summary, a series of pharmacology studies comparing SAR342434 to Humalog-US 
revealed similar effects occurring at similar concentrations.  In a bridging toxicology study 
the effects seen with SAR342434 were also comparable to those seen with the US sourced 
RLD.  Notably, there were no differences in the observed toxicity profiles.  Finally, the local 
tolerability study revealed no differences at the injection site between SAR342434 and 
Humalog following injection by multiple routes of administration.  Based on the similar 
nonclinical profiles, the data are considered adequate to support the use of SAR342434 for 
glycemic control in individuals with diabetes mellitus.
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR 
NDA/BLA or Supplement

NDA/BLA Number: 209196 Applicant: Sanofi- Stamp Date: 1 Nov 16

Drug Name: SAR342434 NDA/BLA Type: 505(b)(2)

On initial overview of the NDA/BLA application for filing:

Content Parameter Yes No Comment
1 Is the pharmacology/toxicology section 

organized in accord with current regulations 
and guidelines for format and content in a 
manner to allow substantive review to 
begin?  

X

2 Is the pharmacology/toxicology section 
indexed and paginated in a manner allowing 
substantive review to begin? 

X

3 Is the pharmacology/toxicology section 
legible so that substantive review can 
begin? 

X

4 Are all required  and requested IND studies 
in accord with 505 (b)(1) and (b)(2) 

including referenced literature) completed 
and submitted (carcinogenicity, 
mutagenicity, teratogenicity, effects on 
fertility, juvenile studies, acute and repeat 
dose adult animal studies, animal ADME 
studies, safety pharmacology, etc)?

X

Limited nonclinical program.  Sponsor and 
FDA agreed on acceptability of proposed 
studies for supporting NDA filing.

5 If the formulation to be marketed is 
different from the formulation used in the 
toxicology studies, have studies by the 
appropriate route been conducted with 
appropriate formulations?  (For other than 
the oral route, some studies may be by 
routes different from the clinical route 
intentionally and by desire of the FDA).

NA – relying on RLD to support iv dosing

6 Does the route of administration used in the 
animal studies appear to be the same as the 
intended human exposure route?  If not, has 
the applicant submitted a rationale to justify 
the alternative route?

X

Nonclinical bridging tox studies showing 
similarity to RLD with sc dosing were 
performed.  Other than a single dose 
tolerability study, no nonclinical studies with 
iv dosing were performed.  

7 Has the applicant submitted a statement(s) 
that all of the pivotal pharm/tox studies 
have been performed in accordance with the 
GLP regulations (21 CFR 58) or an 
explanation for any significant deviations?

X

8 Has the applicant submitted all special
studies/data requested by the Division 
during pre-submission discussions?

X
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR 
NDA/BLA or Supplement

Content Parameter Yes No Comment
9 Are the proposed labeling sections relative 

to pharmacology/toxicology appropriate 
including human dose multiples expressed 

in either mg/m2 or comparative 
serum/plasma levels) and in accordance 
with 201.57?

X

For nonclinical sections of the label (8.1, 8.3, 
and 13), the sponsor has proposed identical 
wording to that of the RLD.  Note that the 
proposed wording in section 8 of the label 
for this drug as well as for the RLD are not 
in compliance with the PLLR.

10 Have any impurity, degradant, 
extractable/leachable, etc. issues been 
addressed?    (New toxicity studies may not 
be needed.)

NA - Multiple impurities increase to levels 
above those reported in tox batch under 
various storage conditions.  

11 If this NDA/BLA is to support a Rx to OTC 
switch, have all relevant studies been 
submitted?

NA

12 If the applicant is entirely or in part 
supporting the safety of their product by 
relying on nonclinical information for 
which they do not have the right to the 
underlying data (i.e., a 505(b)(2) application 
referring to a previous finding of the agency 
and/or literature), have they provided a 
scientific bridge or rationale to support that 
reliance? If so, what type of bridge or 
rationale was provided (e.g., nonclinical, 
clinical PK, other)?

X

Sponsor performed pharmacology studies 
demonstrating their drug has similar activity 
to the RLD.  Bridging toxicology studies (sc 
in rat) revealed no significant differences in 
safety profile relative to the RLD.

IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE? ___yes_____

If the NDA/BLA is not fileable from the pharmacology/toxicology perspective, state the reasons 
and provide comments to be sent to the Applicant.

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter.

No nonclinical issues

Draft label is not in compliance with PLLR
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