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This document is an addendum to the statistical review for BLA 761109. The review was 
previously submitted to DARRTS on April 14, 2020.

The purpose of the addendum is to address the slight difference in FDA statistical analysis results 
and the applicant’s updated results for the primary endpoint (change in HbA1c from baseline to 
week 26) in studies ITRM (subjects with T1DM) and ITRN (subjects with T2DM). This document 
will briefly discuss communications between the Agency and the applicant during labeling
negotiation.  

In study ITRM, the FDA analyses included all subjects that were randomized regardless of 
presence of post-baseline data while using return to baseline approach to impute the missing data. 
In the initial submission, the applicant excluded subjects who had no post-baseline data from their 
analyses. Initially, the Agency proposed to use the FDA statistical reviewer’s analysis results in 
the product label. This labeling recommendation was documented in the statistical reviewer’s 
original review. After the Agency provided the initial labeling comments, the applicant reanalyzed 
the primary endpoint (change in HbA1c) and included all randomized subjects in their analysis. 
Table 1 summarizes the analysis results from the statistical reviewer and the updated analysis 
results from the applicant for study ITRM. The trivial difference in results could be due to minor 
differences in imputation technique. When estimated the noise used in the return-to-baseline
procedure, the applicant assumed the noise followed a normal distribution with a mean of 0 and a
variance equaled to the sample variance in the observed mean change in HbA1c at Week 26 from 
baseline. In the statistical reviewer’s calculation, a mixed effects model adjusted for all 
prespecified covariates was used to estimate the variance component in the distribution of the 
noise. 

Although the difference in analysis results was trivial,  
 

the Agency clarified that the difference in change in HbA1c 
between LYUMJEV and HUMALOG was only -0.08% (95% CI: [-0.16, 0.00]) which was not 
clinically meaningful, although it was marginally statistically significant. Given that there was
only one study for T1DM the evidence for superiority is weak and not convincing. Furthermore, 
both the statistical reviewer’s and the applicant’s analysis results for study ITRN in patients with 
T2DM (Table 2) only demonstrated non-inferiority, and not superiority of LYUMJEV over
HUMALOG. Therefore, the Agency recommends granting the non-inferiority claim  

 LYUMJEV vs. HUMALOG in treatment of patients with T1DM and T2DM.
The Agency agrees to use the applicant’s analysis results with two decimal places in the product 
label.
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Table 1. 26 Week Trial of Mealtime LYUMJEV and Postmeal LYUMJEV compared with 
Mealtime HUMALOG, all in Combination with Basal Insulin in Adults with Type 1 Diabetes

Numbers in black indicate FDA values and numbers in red indicate applicant’s values
Source response to IR May 22, 2020, p.6

Table 2. 26 Week Trial of Mealtime LYUMJEV Compared with Mealtime HUMALOG, both in
Combination with Basal Insulin in Adults with Type 2 Diabetes

Numbers in black indicate FDA values and numbers in red indicate applicant’s values
Source response to IR May 22, 2020, p.6
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1 EXECUTIVE SUMMARY

Eli Lilly and company submitted a new BLA for LY900014 (insulin lispro) with the proposed
indication for improvement of glycemic control in adults 

 diabetes. LY900014 is a new formulation of meal-time insulin 
lispro that has the same active ingredient as Humalog. The goal of this submission is to 
demonstrate that Lilly’s meal-time insulin is non-inferior to Humalog on change in HbA1c.
Also, the study in subjects with type 1 diabetes examined whether administration of LY900014
20 minutes after the start of the meals resulted in non-inferior glycemic control, when compared 
to Humalog administered immediately prior to meals, in an open-label treatment group.

The clinical part of this submission comprised of two double-blind, multi-center, Phase 3 trials
(ITRM and ITRN). Study ITRM was conducted in subjects diagnosed with Type 1 diabetes 
(T1DM) and study ITRN was conducted in subjects with Type 2 diabetes (T2DM).

Primary analysis results:
The outcomes of my analyses, which involved return to baseline imputations for missing data,
demonstrated non-inferiority of Lilly’s insulin glargine to Humalog in both trials:

Study ITRM (T1DM) Change in HbA1c at week 26 

Treatment Estimate 95%CI 

Humalog -0.036 (-0.091, 0.019) 

LY900014 -0.110 (-0.164, -0.055) 

LY900014- Humalog -0.073 (-0.151, 0.004) 

Humalog -0.039 (-0.098, 0.019) 

LY900014+20* 0.098 (0.030, 0.166) 

LY900014+20 - Humalog 0.137 (0.047, 0.227) 

* LY900014+20 meal-time insulin administration 20 minutes after the start of the meals

Study ITRN 
(T2DM)

Change in HbA1c at week 26

Treatment estimate 95%CI

Humalog -0.388 (-0.461, -0.316)

LY900014 -0.357 (-0.430, -0.284)

difference 0.031 (-0.072, 0.134)
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Statistical issues and findings:

1. Difference in applicant-defined analysis set (ITT) and analysis set recommended by
FDA. The applicant excluded 4.3% of subjects with T1DM who did not have post-baseline data.
I mitigated this issue by redefining the ITT. I included all randomized subjects regardless of their 
adherence to treatment, i.e. subjects who did not have a post-baseline measurement were also 
included in my analysis. After all data were included, the superiority of LY900014 could not be 
confirmed.

2. Missing data. Five percent of subjects with T1DM (study ITRM) and 5.5% of subjects
with T2DM (study ITRN) did not have an HbA1c measurement at week 26. The amount
of missing data in each trial arm was similar within each trial.

3. Insulin dose for subjects treated with mealtime LY900014 was higher than insulin
dose for subjects treated with Humalog. The issue of titration is partially mitigated by the fact 
that the trials had a double-blind design comparing LY900014 and Humalog. Generally, this
issue is of concern in the open-label part of the trial because investigator adherence to the
titration recommendations was not assessed by the applicant.

4. In Study ITRM that studied LY900014 +20 in patients with T1DM, LY900014 +20 is 
statistically significantly inferior to Humalog although non-inferiority is met based on non-
inferiority margin of 0.3%

My recommendations:
Based on submitted data, the non-inferiority of Lilly’s insulin lispro to Humalog taken at 
mealtime has been demonstrated. Therefore, I would recommend approval of Lilly’s insulin 
taken at mealtime. The HbA1c outcomes for subjects from the post-meal insulin lispro treatment
group were statistically worse than outcomes of subjects treated with Humalog. Since statistical 
significance does not always translate into clinical meaningfulness. Therefore, the public health 
benefit in approving post-meal insulin lispro is not straightforward.
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2 INTRODUCTION

2.1 Overview

A brief description of the drug indication and history of the submission is presented below.

2.1.1 Indication

The proposed indication for Lilly’s insulin lispro (LY900014) is improvement in glycemic
control in adults  
diabetes mellitus. The applicant is seeking approval of LY900014 administered via SC injection, 
generally in combination with a long-acting insulin as part of a multiple daily injection (MDI)
regimen.

2.1.2 History of Drug Development
The Phase 3 clinical program for Lilly’s insulin lispro (LY900014) was developed under the 
Investigational New Drug Application (IND) 127210. End of phase 2 meeting occurred on April 
19, 2017. During that meeting the FDA asked whether the applicant is planning to extrapolate 
the results from post-meal insulin administration from study in T1DM to T2DM. During the pre-
BLA meeting on May 22, 2019, the Agency stated that the rationale to support post-meal dosing 
in T2DM, based on the results from Phase 3 Study ITRM in T1DM, the clinical pharmacology
studies  ITRV and ITRW) and model-based simulations will be assessed during
the BLA review.

 The Agency stated the basis for establishment of
effectiveness is HbA1c reduction (in part, as a surrogate for microvascular disease risk
reduction), and the degree of post-prandial glucose (PPG) lowering that is clinically relevant for 
microvascular disease risk reduction has not been clearly established. On August 15, 2019, the 
applicant filed the Biological License Application (BLA) for insulin lispro with FDA.

2.1.3 Specific studies reviewed

Table 1. List of all studies included in analysis
 Phase and 

Design 
Treatment 
Period 

 # of Subjects per Arm Study 
Population 

ITRM
 

MC, R, DB, 
PG, AC  

8-week
run-in + 26
weeks

Humalog / NH=442
LY900014/ NL=451
LY900014+20/ NL+20=329

Subjects 
with T1DM 

ITRN MC, R, DB, 
PG, AC

8-week
run-in + 26 
weeks 

Humalog / NH=337
LY900014/ NL=336

Subjects 
with T2DM 

* MC: multi-center, R: randomized, DB: double-blind, PG: parallel group, AC: active controlled
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2.2 Data Sources 

This submission is in electronic common technical document (eCTD) format. The submission is
archived at the following link: \\cdsesub1\evsprod\BLA761109\0001 

Study datasets were provided as SAS XPORT transport files. The analysis datasets were joinable
by unique identifier (SUBJID). The datasets were in good organization. The Define.pdf file was
clear enough. My analyses on the primary and secondary efficacy endpoints provided
approximately the same results as those reported in the clinical study report (CSR).
I derived from the submitted datasets all of the results presented in this review. I created all
tables and figures in this review unless otherwise noted.

3 STATISTICAL EVALUATION

3.1 Data and Analysis Quality

The submission quality was acceptable.

3.2 Evaluation of Efficacy

This section provides an overview of the trials that I reviewed, focusing on design elements
shared across both trials. Issues that are common to all trials are also discussed here.

3.2.1 Study Design and Endpoints

Both, study ITRM and study ITRN were double-blind trials designed to comparre Lilly’s
mealtime insulin lispro (LY900014) and previously approved meal-time insulin Humalog taken 
at the start of the meal. Additionally, the study in T1DM (ITRM) included an open-label 
treatment group that was dosing LY900014 20 minutes after the start of the meal (post meal
group). Both trials were 26-week long and study in T1DM had a 52-week safety extension. 
Primary endpoint was evaluated at week 26.

Each study included a 1-week screening period, followed by 8-week run-in period with 
Humalog and insulin glargine or insulin degludec.

At the end of the 8-week run-in period, subjects with T1DM were randomized in a 4:4:3 ratio to 
either LY900014 at mealtime, Humalog at mealtime, or LY900014 administered 20 minutes 
after the start of a meal (LY900014+20). Randomization used 4 stratification factors (country, 
baseline HbA1c, basal insulin use, prandial insulin dosing plan). During the initial 12 weeks after 
randomization (intensive titration period), prandial insulin dose was adjusted, as necessary. A
graphical description of study ITRM is presented in the (Figure 1) below:

Reference ID: 4592195
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Figure 1. Study design (ITRM, T1DM)

Source: Clinical Overview, p. 44

Subjects with T2DM were randomized to either LY900014 or Humalog at each meal. 
at Visit 7), type of basal

insulin received during the lead-in period (glargine U-100 or degludec [U-100 or U-200]), and
number of prandial doses at ring the initial 12 weeks after
randomization (intensive titration period), prandial insulin doses were titrated as necessary to
meet the target SMBG levels based on recommended titration algorithms provided in the
protocol. A graphical description of study ITRN is presented in the (Figure 2) below

Reference ID: 4592195
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Figure 2. Study design (ITRN, T2DM)

Source: Clinical Overview, p. 45

In both trials, subjects were given a standard mixed-meal tolerance test (MMTT) and measured 
postprandial glucose (PPG) levels in hourly intervals for four hours after the test. The MMTT 
was administered at baseline and at week 26. 

Also, the applicant conducted a sub-study where subjects with T1DM utilized a continuous
glucose monitoring (CGM) device. The applicant conducted exploratory analyses on a subgroup 
of subjects from ITRM study examining the area under the curve 2 hours after breakfast obtained 
from up to 14 days of CGM use at week 26.

Primary objective: to test whether prandial insulin LY900014 when administered at the start of 
the meal (0 to 2 minutes prior to the meal) is non-inferior to Humalog in combination with basal 
insulin glargine or insulin degludec (based on change in HbA1c from baseline to 26 weeks)
using noninferiority margin (NIM) of 0.4% and 0.3%.
Specifically, LY900014 is non-inferior to Humalog if the upper limit of the 95% CI for the 
difference in change in HbA1c was less than the prespecified NIM of 0.4%. The upper limit of 
the 95% CI for the difference in change in HbA1c was less than the NIM of 0.3%.

Secondary objectives:
1. LY900014+20 was noninferior to Humalog for glycemic control (NIM 0.4% and 0.3%)
2. Superiority of LY900014 to Humalog in

a. 1-hour post prandial glucose (PPG) excursions, when administered as prandial insulin 
b. 2-hour PPG excursions, when administered as prandial insulin 
c. Change from baseline to Week 26 in HbA1c

Reference ID: 4592195
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3.2.2 Statistical Methodologies

The applicant utilized return to baseline approach to impute missing data with pattern mixture 
model based on data from randomized subjects who had at least one post-baseline measurement.
Given that there were only a limited number of retrieved dropouts, the missing HbA1c
measurement at Week 26 was imputed by the patient-level observed baseline value plus a noise 
assuming a washout of any potential treatment effect. Based on applicant’s description provided 
on page 95 of the CRS, “The noise followed a normal distribution with the variability estimated
from the “washout HbA1c data,” which was derived by subtracting the corresponding treatment
mean at Week 26 from individual no-missing HbA1c values at Week 26.”
After imputation, the primary efficacy comparison was based on the contrast between LY900014 
and Humalog from an ANCOVA. The model for the change from baseline to the Week 26 
HbA1c endpoint included treatment and strata (pooled country, type of basal insulin, and 
prandial insulin dosing plan) as fixed effects and baseline HbA1c as a covariate. The applicant
also performed a 1-way tipping point analysis to examine the impact of missing data and 
robustness of findings. In the tipping point approach, a ‘penalty’ was added to the imputed 
HbA1c values for the subjects treated with LY900014 who dropped out, i.e. did not have an 
HbA1c value at week 26. The extent of the ‘penalty’ was gradually increased to evaluate the 
point at which LY900014 was no longer non-inferior to its comparator. This penalty value, also 
known as the tipping point, corresponded to a hypothetical degree of efficacy deterioration in 
withdrawn subjects needed to shift the treatment effect of LY900014 from being non-inferior to 
becoming inferior to Humalog.

The applicant-defined Intent to Treat (ITT) population included all randomized subjects who had
at least one baseline and one post-baseline value. My analyses featured all subjects who had
baseline assessment regardless of their adherence to treatment.

In my analysis, using all randomized subjects, I implemented a return to baseline multiple imputation 
approach that imputed data for subjects who did not have an HbA1c measurement at week 26 with 
the steps listed below. Since the amount of missing data was relatively small (5.5% for subjects with 
T2DM and 5.6% for subjects with T1DM) and my primary results were very similar to the 
applicants’ results, I did not conduct the tipping point analysis to examine the impact of missing data. 

Return to Baseline Imputation approach and ANCOVA analysis: 

1. First, I ran a mixed effects model to obtain a residual variance value. 

2. After 100 copies of the dataset were generated, I performed imputation for subjects who did not 
have an endpoint observation. Imputations were stratified by treatment group. 

3. For all subjects who did not have an observation at week 26, I imputed an HbA1c value that I
calculated as their baseline value plus a random normal variable with mean zero and standard
deviation equal to the square root of residual variance value obtained in step one. 

4. For each dataset separately, the change in HbA1c at week 26 was analyzed using an ANCOVA 
model. Each ANCOVA model contained pooled country, type of basal insulin, and prandial 
insulin dosing plan as fixed effects and baseline HbA1c as a covariate.
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5. Results from an ANCOVA model fit to the imputed datasets were analyzed and combined using 
Rubin’s method. Treatment effect estimates and limits from the 95% confidence interval (CI) were 
retained.

All analyses for PPG results were conducted using a mixed model with repeated measures 
(MMRM). The incidence of severe hypoglycemia was compared using logistic regression with 
treatment as a model term. The aggregate rate was calculated using the total number of severe 
hypoglycemia episodes divided by the cumulative days on treatment from all patients within a 
treatment group, times 36525 (for rate per 100 years).

3.2.3 Patient Disposition, Demographic and Baseline Characteristics
Demographics and baseline characteristics of all randomized subjects are presented in Table 2
through Table 5. The discontinuation patterns are presented in the Missing data subsection.

Overall, the baseline characteristics of subjects in each arm within each study were balanced. 
Subjects with T1DM were younger when compared to subjects with T2DM and had lower BMI 
than subjects with T2DM (mean age 44 and 60 years old and BMI of 27kg/m2 and 32 kg/m2). 
Although subjects with T1DM had their disease much longer than subjects with T2DM (19 years 
and 16 years), baseline HbA1c among subjects with T1DM was similar to HbA1c among 
subjects with T2DM (7.3%).

Table 2. Baseline characteristics (study ITRM)
Study ITRM Treatment 

Arm
N Median Min Max Mean Std

Age, yrs HUMALOG 442 45 18 78 44.5 13.62
LY900014 451 44 18 80 44.09 13.71
LY900014 + 20 329 45 18 84 44.54 14.26

HbA1c, (%) HUMALOG 442 7.3 5.5 9.6 7.33 0.67
LY900014 451 7.3 4.5 9.4 7.34 0.65
LY900014 + 20 329 7.3 5.8 9.8 7.36 0.64

Duration of 
Diabetes, yrs

HUMALOG 442 17.21 1.23 59.23 19.13 12.04
LY900014 451 16.61 1.07 63.27 18.76 12.26
LY900014 + 20 329 16.89 1.11 64.18 18.77 11.7

FPG HUMALOG 442 123.37 43.22 273.75 126.19 41.56
LY900014 451 124.27 41.42 292.66 126.29 41.98
LY900014 + 20 329 127.87 39.62 334.09 129.51 44.67

BMI, kg/m2 HUMALOG 442 26.33 17.06 41.91 26.4 4.32
LY900014 451 26.56 17.73 39.97 26.61 4.23
LY900014 + 20 329 26.2 15.53 37.26 26.68 4.55

PPG excursion 
1 hr

HUMALOG 424 68.44 -117.07 371.0 70.87 62.85
LY900014 431 79.24 -86.45 263.85 78.07 60.43
LY900014 + 20 313 81.95 -88.25 250.34 78.27 55.95

PPG excursion 
2 hrs

HUMALOG 425 91.851 -155.79 425.04 99.1 89.55
LY900014 433 109.861 -91.85 365.60 112.26 88.12
LY900014 + 20 313 106.259 -112.56 435.84 110.01 86.29

Baseline characteristics provided by the applicant in table ITRM.11.1. of the interim CSR, p.124

Reference ID: 4592195
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Table 3. Baseline characteristics (study ITRN)

Study ITRN Treatment 
Arm

N Median Min Max Mean Std

Age, yrs HUMALOG 337 63 28 84 60.99 9.24
LY900014 336 61 34 83 60.17 9.38

HbA1c, (%) HUMALOG 337 7.3 5 10.8 7.31 0.72
LY900014 336 7.2 5.6 9.2 7.27 0.68

Duration of 
Diabetes, 

yrs

HUMALOG 337 15.98 1.47 40.15 16.56 7.88
LY900014 336 16.09 1.50 44.15 16.44 7.76

FPG HUMALOG 337 118.87 58.53 318.78 123.43 36.86
LY900014 336 120.67 41.42 217.92 123.31 33.38

BMI, kg/m2 HUMALOG 337 31.92 18.78 45.37 32.44 5.79
LY900014 336 32.01 19.9 47.6 32.12 5.66

PPG 
excursion 1 

hr 

HUMALOG 316 67.09 -38.72 220.62 70.36 43.69
LY900014 312 54.93 -99.06 220.62 58.50 48.48

PPG 
excursion 2

hrs 

HUMALOG 316 92.75 -72.94 235.93 94.7 92.8
LY900014 312 70.24 -81.05 293.56 77.04 70.2

Baseline characteristics provided by the applicant in table ITRN.11.1. of the CSR, p.112

Almost all subjects with T1DM were White (77%) and about 69% of the subjects with T2DM 
were White. About 30% of subjects in both studies were from North America. About 16% of 
subjects with T1DM and 20 % of subjects with T2DM were from Asia.
The majority of subjects with T1DM were male (56%). Similarly, among subjects with T2DM,
only 46.6% of the subjects was female.
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Table 4. Demographic characteristics (Study ITRM)
Study ITRM HUMALOG

N=442
n(%)

LY900014
N=451
n(%)

LY900014+ 20
N=329
n(%)

Se
x Female 186(42.1) 201(44.6) 147(44.7)

Male 256(57.9) 250(55.4) 182(55.3)

R
ac

e

American Indian Or Alaska Native 1(0.2) 2(0.6)

Asian 78(17.6) 86(19.1) 63(19.1)
Black Or African American 9(2.0) 7(1.6) 5(1.5)
Multiple 11(2.5) 10(2.2) 5(1.5)
Not Reported 1(0.2)
White 344.0(77.8) 346.0(76.7) 254.0(77.2)

R
eg

io
n East Asia 68(15.4) 73 (16.2) 54(16.4)

Europe 197(44.6) 192(42.6) 135(41.0)
North America 131(29.6) 137(30.4) 100(30.4)
Other 46(10.4) 49(10.9) 40(12.2)

C
ou

nt
ry

Argentina 11(2.5) 14(3.1) 14(4.3)
Australia 9(2.0) 10(2.2) 7(2.1)
Austria 9(2.0) 6(1.3) 7(2.1)
Germany 26(5.9) 25(5.5) 21(6.4)
Greece 26(5.9) 28(6.2) 21(6.4)
India 10(2.3) 10(2.2) 8(2.4)
Italy 9(2.0) 7(1.6) 4(1.2)
Japan 59(13.3) 62(13.7) 46(14.0)
Mexico 6(1.4) 4(0.9) 8(2.4)
New Zealand 10(2.3) 11(2.4) 3(0.9)
Poland 49(11.1) 47(10.4) 27(8.2)
Puerto Rico 3(0.7) 5(1.1) 2(0.6)
Romania 34(7.7) 30(6.7) 23(7.0)
Russian Federation 8(1.8) 11(2.4) 5(1.5)
Slovakia 6(1.4) 6(1.3) 4(1.2)
Spain 25(5.7) 30(6.7) 20(6.1)
Sweden 5(1.1) 2(0.4) 3(0.9)
Taiwan, Province of China 9(2.0) 11(2.4) 8(2.4)
United States 128(29.0) 132(29.3) 98(29.8)

A
ge

 
gr

ou
p <65 407(92.1) 415(92.0) 302(91.8)

>=65 35 (7.9) 36(8.0) 27(8.2)

Baseline characteristics provided by the applicant in table ITRM 11.1. of the interim CSR, p.124
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Table 5. Demographic characteristics (Study ITRN)
Study ITRN HUMALOG

N=337
n(%)

LY900014
N=336
n(%)

Se
x Female 162(48.1) 152(45.2)

Male 175(51.9) 184(54.8)
Unknown 1(.)

R
ac

e

American Indian Or Alaska Native 3(0.9) 1(0.3)
Asian 81(24.1) 83(24.7)
Black Or African American 16(4.8) 14(4.2)
Multiple 6(1.8) 5(1.5)
Native Hawaiian Or Other Pacific Islander 1(0.3)
White 229(68.2) 233(69.3)

R
eg

io
n East Asia 69(20.5) 71(21.1)

Europe 100(29.7) 102(30.4)
North America 102(30.3) 99(29.5)

Other 66(19.6) 64(19.0)

C
ou

nt
ry

Argentina 29(8.6) 27(8.0)
Australia 7(2.1) 8(2.4)
Czech Republic 20(5.9) 20(6.0)
Germany 19(5.6) 21(6.3)
Hungary 13(3.9) 15(4.5)
India 9(2.7) 7(2.1)
Italy 4(1.2) 5(1.5)
Japan 46(13.6) 47(14.0)

Korea, Republic of 16(4.7) 16(4.8)

Mexico 21(6.2) 22(6.5)
Puerto Rico 11(3.3) 9(2.7)
Russian Federation 14(4.2) 13(3.9)

Slovakia 14(4.2) 14(4.2)
Spain 16(4.7) 14(4.2)
Taiwan, Province of China 7(2.1) 8(2.4)

United States 91(27.0) 90(26.8)

A
ge

 
G

ro
up

<65 194(57.6) 212(63.1)

>=65 143(42.4) 124(36.9)

Baseline characteristics provided by the applicant in table ITRN.11.1. of the CSR, p.112
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Missing data

Overall, the proportion of missing data was similar in both trials and the number of subjects with 
missing primary endpoint measurement was rather small (5.6% of subjects with T1DM and 5.5% 
of subjects with T2DM). Similarly, the proportion of subjects who discontinued the study was
also low (3% of subjects with T1DM, and 5.1% of subjects with T2DM).

Table 6. Subjects with missing 26-week data (study ITRM)
Treatment Study

Study ITRM Number 
discontinued

% discontinued Number 
discontinued

% discontinued

Humalog (N=442) 28 6.3 18 4.1
LY900014 (N=451) 22 4.9 8 1.8
LY900014+20 (N=329) 19 5.8 11 3.3
Total 69 5.6 37 3

Table 7. Subjects with missing 26-week data (study ITRN)
Treatment Study

Study ITRN Number 
discontinued

%
discontinued

Number 
discontinued

%
discontinued

Humalog (N=337) 18 5.3 18 5.3
LY900014 (N=336) 19 5.7 16 4.8
Total 37 5.5 34 5.1

3.2.4 Results and Conclusions

3.2.4.1 Graphical exploration

Treatment effect of Humalog and LY900014 was similar within each of the treatment arms
(Figure 3 and Table 8). Of note, the fraction of subjects who had a reduction in HbA1c was 
smaller among subjects in the post meal arm (LY900014+20). These results are congruent with 
amount insulin that was used in the post meal treatment group, i.e. subjects in LY900014+20
used less prandial and total insulin than subjects in other treatment groups ( Figure 4 B and C).
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Figure 3. Waterfall plots showing change from baseline (study ITRM)
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Legend: Each waterfall plot shows individual unadjusted changes in HbA1c. Each vertical bar represents an
individual study participant. Values above zero represent an individual’s increase in HbA1c during 26-week
treatment. Values below zero represent an individual’s reduction of HbA1c during treatment period.

Figure 4. Changes in mean insulin doses over time (ITRM)
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Source: Response to IR from September 29, 2019 p. 7

As for subjects with T1DM, the changes in HbA1c among subjects with T2DM had similar
patterns in both arms. Of note, subjects on LY900014 used more insulin than subjects on 
Humalog (Figure 6).

B

C
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Figure 5. Waterfall plots showing change from baseline (study ITRN)
-3

-2
-1

0
1

2
C

ha
ng

e
in

H
bA

1c

0 100 200 300 400
Subject

ITRN:Humalog

-3
-2

-1
0

1
2

C
ha

ng
e

in
H

bA
1c

0 100 200 300 400
Subject

ITRN:Humalog LY900014

Study ITRN T2D: Week 26

Figure 6. Changes in mean insulin doses over time (ITRN)
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Source: Response to IR from September 29, 2019 p.8

3.2.4.2 Primary analysis

The results of my analysis of the primary endpoint show that non-inferiority of LY900014 to
Humalog was achieved in both trials (Table 8 and Table 9) because the upper limits of the 95% 
CIs for differences (LY900014-Humalog) were less than the pre-specified non-inferiority margin 
of 0.4% and of 0.3% in both trials. The difference in treatment effect of post meal insulin and 
Humalog met the NIM criterion, although the results demonstrate that the overall difference was 
inferior (the 95%CI was above zero for this comparison). 

B

C
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Table 8. Primary analysis outcomes (ITRM)
Treatment LY900014

N = 451
LY900014+20

N=329
Humalog
N = 442

Baseline HbA1c (%)
Mean (std)

7.3 (0.65) 7.4 (0.64) 7.3 (0.67)

Change in HbA1c
(95% CI)

-0.110
(-0.164, -0.055)

0.098
(0.030, 0.166)

-0.036
(-0.091, 0.019)

Difference between 
treatment and Humalog

(95% CI)

-0.073
(-0.151, 0.004)

0.137
(0.047, 0.227)

Applicant’s results are located in clinical overview Section 2.5, Table 2.5.4.1, p.54

The results provided by the sponsor show that the 95% confidence interval for the difference 
between LY900014 and Humalog was below zero. Based on the documentation, the applicant-
calculated difference was -0.08 with 95% CI(-0.1614, -0.0032) [Table 13 in the appendix]. The 
reason for difference in the results is due to the definition of ITT set. The sponsor did not include 
subjects that did not have post-baseline data in their analyses. Based on my examination, out of
442 randomized subjects on Humalog, only 421 were used in the analyses. Similarly, out of 451 
randomized subjects on LY900014, only 434 were used in the applicant’s analysis. Thus,
applicant results omit 4.3% of the data. Given my results, I cannot confirm statistical superiority
of LY900014 over Humalog. 

The difference (estimate and 95%CI) between LY900014 taken 20 minutes post meal and 
Humalog was above zero. The results showed that post-meal LY900014 was statistically inferior
to Humalog although the upper bound of the 95%CI was below 0.3%.

Table 9. Primary analysis outcomes (ITRN)
Treatment LY900014

N = 336
Humalog
N = 337

Baseline HbA1c (%)
Mean (std)

7.3(0.68) 7.3(0.72)

Change in HbA1c
(95% CI)

-0.357
(-0.430, -0.284)

-0.388
(-0.461, -0.316)

LY900014-Humalog
(95% CI)

0.031
(-0.072, 0.134)

Applicant’s results are located in clinical overview Section 2.5, Table 2.5.4.1, p.54

Among subjects with T2DM, LY900014 was noninferior to Humalog, i.e. the upper bound of the 
95%CI was below 0.3% (Table 9).

Insulin titration

During my review of this submission, I observed that despite double-blind design of both trials,
subjects on LY900014 had a consistently larger insulin dose. Since change in HbA1c depends on 
insulin dose, the Agency sent an information request to the sponsor to clarify the insulin titration 
approach. Specifically, we asked the applicant to provide the analysis on subject- and cohort
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level adherence and deviations from the proposed insulin titration algorithm to in order for us to 
ascertain the appropriate HbA1c comparison between treatment arms. The applicant responded
that site-prescribed insulin dose information was not collected in studies ITRM and ITRN and 
that Investigator adherence to the titration recommendations was not assessed.

3.2.4.3 Analysis of secondary endpoints

The results of exploratory graphical analyses of PPG changes after MMTT test was administered 
are presented in Figure 7 and Figure 8 below (91% of all subjects had a PPG at 240 minutes at 
week 26). The graphs are showing the PPG estimates and their 95% confidence intervals 
calculated based on MMRM model with pooled country, type of basal insulin, and prandial 
insulin dosing plan as fixed effects and baseline PPG as a covariate. Based on graphical analyses, 
the changes in PPG were similar in all 3 treatment groups at baseline. By the end of the main 
treatment period (week 26), at 240 minutes after administration of the MMTT all curves came 
close to the same values. The graph demonstrates that the increase in PPG among subjects on
LY900014 was smaller, i.e. the curve did not peak as high as Humalog or LY900014+20 and
appeared to be flatter.

Figure 7. Mean changes in PPG: results after MMTT at baseline (ITRM)

20
40

60
80

10
0

12
0

Po
st

pr
an

di
al

G
lu

co
se

Ex
cu

rs
io

n
(m

g/
dL

)

0 50 100 150 200 250
Time (Minutes)

LY900014 Humalog
LY900014+20

Study ITRM:Week 0

Reference ID: 4592195



23

Figure 8. Mean changes in PPG: results after MMTT at week 26 (ITRM)
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The results from the MMRM model showed that at week 26, LY900014 was superior to 
Humalog in PPG at both, 1 hour and 2 hours after the MMTT (both confidence intervals were
below zero).

Table 10. PPG measurements at hour 1 and 2 (ITRM)
Treatment Humalog

N = 442
LY900014
N = 451

PPG
hour

Baseline PPG 
excursion*
Mean (std)

70.9 (62.85) 78.1 (60.43) 1

Change in PPG
(95% CI)

0.25
(-4.88, 5.38)

-27.38
(-32.41, -22.34)

1

LY900014-Humalog
(95% CI)

-27.63
(-34.83, -20.42)

1

Baseline PPG 
excursion*
Mean (std)

99.1(89.55) 112.3(88.12) 2

Change in PPG
(95% CI)

-1.62
(-8.72, 5.48)

-32.14
(-39.13, -25.16)

2

LY900014-Humalog
(95% CI)

-30.52
(-40.50, -20.54)

2

*Results based on MMTT at the beginning of the trial
Applicant’s results are located in clinical overview Section 2.5, Table 2.5.4.1, p.54
The results for the LY900014+20 group were not presented since comparison with post-meal insulin in PPG
excursions was not prespecified.

Reference ID: 4592195



24

A similar approach was used for subjects with T2DM (93% of all subjects had a PPG at 240
minutes at week 26). As for subjects with T1DM, the PPG curved were almost indistinguishable 
at baseline and showed separation at week 26 (Figure 9, Figure 10).
Figure 9. Mean changes in PPG: results after MMTT at baseline (ITRN)
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Similar to the subjects with T1DM, the curve for LY900014 was not as peaked as the curve for 
Humalog. This suggests that LY900014 produced less spikes in blood glucose after the MMTT 
was administered.

Figure 10. Mean changes in PPG: results after MMTT at week 26 (ITRN)
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In subjects with T2DM, the results from the MMRM model showed that at week 26, LY900014
was superior to Humalog in PPG at both, 1 hour and 2 hours after the MMTT (both confidence 
intervals were below zero).
Table 11. PPG measurements at hour 1 and 2 (ITRN)
Treatment Humalog

N = 337
LY900014

N = 336
PPG
hour

Baseline PPG excursion*
Mean (std)

70.4(43.69) 58.5 (48.48) 1

Change in PPG
(95% CI)

-6.55
(-10.99, -2.11)

-18.44
(-22.89, -13.99)

1

LY900014-Humalog
(95% CI)

-11.89
(-18.18, -5.59)

1

Baseline PPG excursion*
Mean (std)

94.7(92.8) 77(70.2) 2

Change in PPG
(95% CI)

-4.78
(-10.32, 0.76)

-22.34
(-27.87, -16.81)

2

LY900014-Humalog
(95% CI)

-17.55
(-25.39, -9.72)

2

*Results based on MMTT at the beginning of the trial
Applicant’s results are located in clinical overview Section 2.5, Table 2.5.4.1, p.54

CGM analyses results (ITRM sub-study)
The CGM sub-study included 97 subjects from LY900014, 99 from Humalog, and 73 from
LY900014+20 treatment groups. The graphical results depicting the area under the curve are 
presented in the figure below. The directionality and the outcomes of the AUC analyses were 
congruent with directionality of PPG (Figure 8). Since CGM analysis was based on a subgroup 
of randomized subjects, the analysis was exploratory, and all p values shown in the Figure 11
were nominal.

Figure 11. Postmeal iAUCs from baseline to Week 26.  (CGM sub-study)

Source: Clinical Study Report CGM Addendum, p.30
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3.3 Evaluation of Safety 

My safety review only provides a high-level summary of potential safety issues. Safety events 
were also reviewed by Dr. Dolly Misra from Medical Division of Diabetes, Lipid Disorders, and 
Obesity. For more detailed safety events review, readers are referred to Dr. Misra’s review for 
this section.

Deaths
There were six deaths among subjects who participated in either the ITRM or ITRN trials.
Among subjects with T1DM (study ITRM) who died, two were treated with LY900014 and one
with Humalog. Similarly, among subjects with T2DM (study ITRN), two subjects died in the 
LY900014 treatment group and one in Humalog group.

Severe adverse events

Two types of adverse events, ketoacidosis (DKA) and severe hypoglycemia, are usually 
associated with use of antidiabetic products.
One of the subjects in ITRM study experienced a diabetic ketoacidosis (DKA) while treated with 
Humalog.

In both studies, the amount of severe hypoglycemia during the 26-week period was very small
(Table 12). Among subjects with T1DM, the number of subjects who experienced hypoglycemia
on Humalog was identical to the number on LY900014 (5.7%). A lower number of 
hypoglycemia cases in subjects on LY900014+20 could be explained by generally lower insulin 
doses taken by subjects in that treatment group. The number of subjects with T2DM who 
experienced severe hypoglycemia was smaller, under 2% in each of the treatment groups. In both 
studies, there were no significant differences between treatment groups in the rate or incidence of 
severe hypoglycemia for the 26-week treatment period (all comparisons yielded p-values above 
0.05, as described in Table 2.7.4.17, p.59 and table 2.7.4.23, p.78 in the Summary of Clinical 
Safety).
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Table 12. Severe Hypoglycemia

Study
ITRM (T1DM)

Humalog
N = 442 
n (%)

LY900014
N = 451
n (%)

LY900014+20
N = 329
n (%)

Number of subjects 
with events

25(5.7%) 25(5.7%) 15 (4.6%)

Number of Episodes 40 37 22
Aggregate Rate/100 
years*

18.34 16.5 13.7

ITRN (T2DM) N = 337
n (%)

N = 336
n (%)

Number of subjects 
with events

6(1.78%) 3(0.89%)

Number of Episodes 7 4
Aggregate Rate/100 
years§

4.19 2.44

The aggregate rate was calculated using the total number of severe hypoglycemia episodes 
divided by the cumulative days on treatment from all patients within a treatment group, times 
36525 (for rate per 100 years).
* Information source: Summary of clinical safety, Table 2.7.4.17, p.59.
§ Information source: Summary of clinical safety, Table 2.7.4.23, p.78.

4 FINDINGS IN SPECIAL/SUBGROUP POPULATIONS

4.1 Gender, Race, Age, and Geographic Region

The sample estimates of treatment effect in change in HbA1c among subgroups: age, gender, and
race, were obtained by using the same ANCOVA model as for the primary analysis. Because of a 
large biological diversity between subjects in the Multiple race category and a very small number
of study participants who identified themselves as multi-racial (2.1% of subjects with T1DM and
1.6% of subjects with T2DM), analysis and the interpretation of the results might not be 
meaningful. Therefore, the subgroup analyses in Multiple race category were not included in 
these analyses. Other categories with 4 or fewer subjects in the trial were omitted in these 
analyses. The detailed numeric information on subgroup outcomes is presented in the Appendix 
(Table 15 and Table 16).

Additionally, shrinkage estimates of subgroup treatment effects were derived using a Bayesian 
hierarchical model based on summary sample estimates.  The total variability in the sample 
estimates is the sum of the within subgroup variability of the sample estimator and the across 
subgroups variability in underlying/true parameter values. A shrinkage estimate of the subgroup 
treatment effect, which borrows information from the other subgroups while estimating the
treatment effect for a specific subgroup, is a weighted average of the sample estimate and overall
estimate. The analysis utilized the same flat prior to derive shrinkage estimates for all subgroups.
The Bayesian hierarchical model assumptions are:
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For i = 1, 2…, Yi represents the observed sample estimate of treatment effect in subgroup level 
i, assume Yi~N(μi i2) where

i2 are the observed variance for sample estimates
μi 2)
μ ~ N(0, 4), 2 ~ Gamma(0.001, 0.001)

The results of the sample estimates and the shrinkage estimates of treatment effects in the same 
subgroups are presented in Figure 12 and Figure 13.

For subjects with T1DM, the subgroup treatment effects were consistent across subgroups and 
with the overall treatment effect. Only the Black or African American race subgroup had the
95% confidence interval cross the NIM threshold. This result could be due to the small subgroup 
size (n=16). Shrinkage analysis provided a new confidence interval that does not cross the NIM. 
LY900014 was superior to Humalog only among White and subjects from Europe. All other
subgroups demonstrated noninferiority. The numerical results of subgroup analyses are presented 
in the appendix (Table 15).

Figure 12. Results of subgroup analyses (ITRM)

Age<65 

Age> 65 

Age<40 

Age> 40 

Female

Male

White

Asian

Black

HbA1c< 7.5

HbA1c>7.5

North America

Asia

Europe

Other regions

Su
bg

ro
up

-.7 -.6 -.5 -.4 -.3 -.2 -.1 0 .1 .2 .3 .4 .5
HbA1c LY900014-Humalog

95% CI Sample Estimate Shrinkage Estimate

ITRM(T1DM) : Results for subgroups HbA1c LY900014 - Humalog

Among subjects with T2DM, the 95% confidence for the treatment effect crossed the NIM
boundary in the Asian and Black or African American race subgroups and among subjects from 
Asia. For those three subgroups, the confidence interval for the shrinkage estimate was below the
NIM threshold. Since the majority of subjects in ITRN study had their HbA1c<=8 (n=577), the 
high HbA1c subgroup did not have a sufficient number of subjects to produce a meaningful

Reference ID: 4592195



29

effect estimate. The numerical results of subgroup analyses are presented in the appendix (Table 
16).

Figure 13. Results of subgroup analyses (ITRN)
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5 SUMMARY AND CONCLUSIONS

5.1 Statistical Issues 

1. Difference in applicant-defined analysis set (ITT) and analysis set recommended by
FDA. The applicant excluded 4.3% of subjects with T1DM who did not have post-baseline data.
I mitigated this issue by redefining the ITT. I included all randomized subjects regardless of their 
adherence to treatment, i.e. subjects who did not have a post-baseline measurement were also 
included in my analysis. After all data were included, the superiority of LY900014 could not be 
confirmed.

2. Missing data. Five percent of subjects with T1DM (study ITRM) and 5.5% of subjects
with T2DM (study ITRN) did not have an HbA1c measurement at week 26. The amount
of missing data in each trial arm was similar within each trial.
3. Insulin dose for subjects on LY900014. I examined both mealtime and basal
insulin doses and compare their patterns among treatment groups. Based on my explorations and 
applicant’s results, subjects on LY900014 received a higher dose. The issue of insulin titration is 
partially mitigated by the fact that the trials had a double-blind design comparing LY900014 and 
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Humalog. Generally, this issue is of concern in the open-label part of the trial because 
investigator adherence to the titration recommendations was not assessed by the applicant.

4. In Study ITRM that studied post-meal insulin, LY900014 +20 was statistically 
significantly inferior to Humalog although non-inferiority is met based on non-inferiority 
margin of 0.3%

5.2 Collective Evidence

My recommendation for approval is based on statistical evidence of non-inferiority. Both, 
LY900014 and Humalog demonstrated similar results in HbA1c lowering. The question of 
validity of titration algorithms utilized in dose calculations remains to be open for future studies 
of insulins.

5.3 Conclusions and Recommendations

Based on submitted data, the non-inferiority of Lilly’s insulin lispro to Humalog taken at 
mealtime has been demonstrated. Therefore, I would recommend approval of Lilly’s insulin 
taken at mealtime. The HbA1c outcomes for subjects from the post-meal insulin lispro treatment
group were statistically worse than outcomes of subjects treated with Humalog. Since statistical 
significance does not always translate into clinical meaningfulness. Therefore, the public health 
benefit in approving post-meal insulin lispro is not straightforward.

5.4 Labeling Recommendations (as applicable)

For all results presenting change in HbA1c, I recommend using outcomes based on analysis of 
all randomized subjects involving multiple imputations and ANCOVA.
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APPENDICES 

Table 13. Applicant’s primary analysis results (ITRM)

Source: CSR, p. 535

Table 14. Results of tipping point analyses (ITRM)

Randomized: 442 Humalog; 451  LY; 329 LY+20
Entered long term/safety: 424 Humalog; 443  LY; 318 LY+20
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Source: CSR p.562

Source: CSR p.563

A

B
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Table 15. Numeric results for subgroup analyses (ITRM)
ITRN (T1DM) Subgroup Type Estimate 95%CI

Age <65 Sample -0.07 (-0.154, 0.010)
Shrinkage -0.07 (-0.153, 0.007)

>=65 Sample -0.12 (-0.383, 0.139)
Shrinkage -0.1 (-0.309, 0.105)

<40 Sample -0.13 (-0.275, 0.020)
Shrinkage -0.11 (-0.241, 0.022)

>=40 Sample -0.04 (-0.131, 0.044)
Shrinkage -0.05 (-0.137, 0.031)

Sex Female Sample -0.05 (-0.169, 0.079)
Shrinkage -0.06 (-0.168, 0.055)

Male Sample -0.09 (-0.195, 0.005)
Shrinkage -0.09 (-0.184, 0.005)

Baseline 
HbA1c(%)

<=7.5 Sample -0.06 (-0.148, 0.036)
Shrinkage -0.06 (-0.148, 0.027)

>7.5 Sample -0.09 (-0.237, 0.056)
Shrinkage -0.08 (-0.211, 0.044)

Race Asian Sample -0.02 (-0.189, 0.146)
Shrinkage -0.05 (-0.183, 0.097)

Black Sample -0.07 (-0.660, 0.518)
Shrinkage -0.07 (-0.353, 0.228)

White Sample -0.09 (-0.183, -0.005)
Shrinkage -0.09 (-0.174, -0.005)

Geographic
region

Asia Sample 0.03 (-0.145, 0.203)
Shrinkage -0.02 (-0.151, 0.130)

Europe Sample -0.16 (-0.283, -0.041)
Shrinkage -0.12 (-0.235, -0.006)

North America Sample -0.01 (-0.146, 0.129)
Shrinkage -0.03 (-0.144, 0.090)

Other region Sample -0.03 (-0.296, 0.246)
Shrinkage -0.05 (-0.222, 0.132)
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Table 16. Numeric results for subgroup analyses (ITRN)
ITRN 

(T2DM)
Subgroup Type Estimate 95%CI

Age 
  
  
  

<65 Sample -0.01 (-0.145, 0.128)
Shrink 0 (-0.121, 0.134)

>=65 Sample 0.07 (-0.089, 0.234)
Shrink 0.05 (-0.089, 0.202)

Sex 
  
  
  

Female Sample 0.08 (-0.068, 0.219)
Shrink 0.06 (-0.080, 0.190)

Male Sample -0.05 (-0.197, 0.104)
Shrink -0.02 (-0.171, 0.109)

Race 
  
  
  
  
  

White Sample -0.02 (-0.146, 0.097)
Shrink -0.01 (-0.121, 0.112)

Asian Sample 0.14 (-0.069, 0.349)
Shrink 0.08 (-0.088, 0.273)

Black Sample 0 (-0.535, 0.542)
Shrink 0.03 (-0.282, 0.336)

HbA1c 
  
  
  

<=8 Sample -0.03 (-0.130, 0.075)
Shrink -0.02 (-0.123, 0.082)

>8 Sample 0.45 (0.013, 0.888)
Shrink 0.3 (-0.109, 0.743)

Geographic 
Region 
  
  
  
  
  
  
  

North 
America

Sample 0.06 (-0.154, 0.270)
Shrink 0.04 (-0.120, 0.186)

East Asia Sample 0.11 (-0.091, 0.315)
Shrink 0.06 (-0.096, 0.211)

Europe Sample -0.02 (-0.206, 0.160)
Shrink 0.01 (-0.139, 0.144)

Other region Sample -0.04 (-0.268, 0.180)
Shrink 0 (-0.160, 0.158)
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