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1. EXECUTIVE SUMMARY

Lyumjev (LY900014, Insulin lispro-aabc) is a rapid-acting human insulin analog indicated for
subcutaneous injection and intravenous infusion administration to improve glycemic control in
adults with diabetes mellitus. Lyumjev is available in 2 dose strengths (100 and 200 units/mL)
and approved for administration via subcutaneous injection, continuous subcutaneous insulin
infusion (CSII), and intravenous (V) infusion. The applicant (Eli Lilly and Company) has
submitted an efficacy supplement to expand the indication to pediatric patients with diabetes
mellitus.

The clinical development program for pediatrics includes one pharmacokinetic (PK)/
pharmacodynamic (PD) study (18B-MC_ITSA) in children (> 6 years), adolescents and adults
with Type 1 diabetes mellitus (T1DM) and one Phase 3 pivotal safety and efficacy trial (18B-
MC-ITSB) in pediatric patients (> 6 to 18 years) with TIDM. The Sponsor has also submitted
PK/PD modeling and simulation to support the use of Lyumjev in pediatric patients with type 2
diabetes mellitus (T2DM). The primary evidence of effectiveness of CSII for Lyumjev in
pediatric patients with TLDM is provided by the Phase 3 trial which demonstrates non-
inferiority of Lyumjev for the change in HbAlc from baseline to Week 26 compared to
Humalog, which is a rapid acting insulin lispro approved as a CSIl to improve glycemic control
in diabetes mellitus. The PK/PD studies in patients with type 1 diabetes mellitus (T1DM)
compare the PK of insulin lispro and post-prandial glucose excursion for Lyumjev compared to
Humalog in children adolescent and adult patients with TIDM. Study ITSB was completed to
fulfill PREA PMR 3874-1 for Lyumjev.

This review primarily focuses on the adequacy of the PK/PD studies and the modeling and
simulation results as supportive evidence of effectiveness for Lyumjev in pediatric patients when
administered via subcutaneous injection and CSII. In this document, the names LY900014 and
Lyumjev are used interchangeably.

1.1 Recommendations

The Office of Clinical Pharmacology/ Division of Cardiometabolic and Endocrine
Pharmacology (OCP/ DCEP) has reviewed the information contained in BLA 761109/
Supplement 4 and finds it acceptable to support approval of Lyumjev for use in pediatric patients
(> 6 years to 18 years of age) with diabetes mellitus.

1.2 Post-Marketing Requirements and Commitments
None.

1.3  Summary of important clinical pharmacology findings
The following clinical pharmacology study was included in this submission to support the
administration of Lyumjev by CSII:

e I8B-MC-ITRF [ITSA]: Study ITSA provides the PK and PD (post-prandial glucose
excursion; PPG) of Lyumjev compared to Humalog given as a bolus either as a SC
injection or via a CSIl pump in children (> 6 years), adolescents and adults with T1DM.

e Two pharmacokinetic/pharmacodynamic (PK/PD) modeling and simulation reports:

e Multiple daily injection (MDI) pediatric/adult population PK/PD report

e CSII pediatric/adult PK/PD population report
All patients in ITSA received the same individualized bolus insulin dose for both Lyumjev and
Humalog and, the content of their mixed meal tolerance test (MMTT) was kept the same
throughout in crossover periods. The study and analyses are focused on the associated changes
in PK and PD of Lyumjev as compared to Humalog. As Humalog is already approved in
pediatric patients with TLDM and T2DM, this comparison provided supporting evidence for
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Lyumjev as compared to Humalog and similarity in the safety profiles for the pediatric patient
population.

Key clinical pharmacology findings:
For T1DM patients when insulin lispro were administered pre-meal:

e The median early 50% tmax of insulin lispro was reduced by approximately 30-51% with
LY900014 compared to Humalog, which corresponds to a difference of 13 minutes in
children, 7 minutes in adolescents, and 10 minutes in adults.

e Median time to reach peak maximal concentration (tmax) of serum insulin lispro was
similar between children adolescents and adults between LY900014 and Humalog.

e The faster early insulin lispro absorption with LY900014 was associated with increase in
early serum insulin lispro exposure, area under the concentration versus time curve from
zero to 15 minutes post-dose (AUCio-1smin), by 6.5-fold in children, by 3.5-fold in
adolescents, and by 5.1-fold in adults with LY900014 compared to Humalog.

e However, the overall mean serum insulin lispro systemic exposure (AUC[0-5h]), mean
change from baseline [CFBL] AUC[0-5h] and mean time to maximal serum insulin
lispro concentration were similar for Lyumjev compared to Humalog

e Consistent with the similarity in the PK profiles, the overall PPG excursions [0-5 h] after
test meals were numerically higher(early) or comparable (overall) for Lyumjev compared
to Humalog. No significant age group-by treatment interactions were identified.

For T1DM patients when insulin lispro were administered 20 minutes after the start of the meal:

e The model-predicted glucose profiles show a greater glucose-lowering effect with
LY900014 than Humalog in children, adolescents, and adults with T2DM.

For T2DM patients via MDI:

e The model-predicted insulin lispro PK profiles in children and adolescents with T2DM
showed an accelerated absorption and a reduction in the late insulin exposure with
LY900014 compared to Humalog as observed in adults with T2DM.

e LY900014 and Humalog were predicted to have comparable hypoglycemia risks (< 70
mg/dL and < 54 mg/dL) for all three age groups (children, adolescents, and adults) via
either MDI therapy.

The results from study ITSA demonstrate that PK and PD (PPG) of insulin lispro was similar
between Lyumjev and Humalog for patients with TLDM across the three age groups while still
preserving the differences in the early (0-15 minutes) absorption when administered before meal.
The similarity in PK and PD of Lyumjev and Humalog is consistent with the non-inferiority (non-
inferiority margin of 0.4%) of Lyumjev (0.06%) compared to Humalog (0.09%) in the change
from baseline to Week 26 in HbAlc as demonstrated the pivotal Phase 3 trial (18B-MC-ITSB).
In addition, PopPK and PK/PD analyses confirmed that the differences in the time course of
insulin lispro concentration for LY900014 and Humalog described the differences in the
observed PPG response in pediatric patients with T1D on MDI and CSlI|I therapy. The PK/PD
model confirmed that the same PK/PD relationship remained, independent of adult or pediatric
patients withT1DM, or whether LY900014 and Humalog was administered as MDI or CSI|I
therapy. The PopPK and PK/PD analyses provided supporting evidence for extrapolation the
indication from prior to the start of the meal to 20 minutes after the start of the meal, and from
T1DM patients to T2DM patients in children, adolescents and adults.

Overall, the clinical pharmacology findings support the use of Lyumjev by CSII administration to
improve glycemic control in pediatric patients (> 6 to 18 years) with diabetes mellitus.
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2. QUESTION BASED REVIEW

Eli Lilly and Company submitted a Biologics License Application (BLA) for Lyumjev 100
units/mL to the FDA seeking approval for subcutaneous administration via multiple daily
injections (MDI) on August 15, 2019 (BLA 761109) and received FDA approval on June 15,
2020. Supplemental BLA for Lyumjev 100 units/mL in support of adding the continuous
subcutaneous insulin infusion route of administration to the US prescribing information (USPI)
was approved on August 13, 2021. This supplemental BLA provides the data supporting use of
Lyumjev in pediatric patients with diabetes mellitus. This is an abridged version of the question-
based review. For detailed review of Lyumjev, refer to the original BLA761109.

2.1 General attributes
2.1.1 What are the general attributes of Lyumjev and the drug product?

Lyumjev (insulin lispro-aabc injection) is a rapid-acting human insulin analog used to lower
blood glucose. Insulin lispro is produced by recombinant DNA technology utilizing a
nonpathogenic laboratory strain of Escherichia coli. Insulin lispro differs from human insulin in
that the amino acid proline at position B28 is replaced by lysine and the lysine in position B29 is
replaced by proline. Chemically, it is Lys(B28), Pro(B29) human insulin analog and has the
empirical formula Czs7H3s3Nes077Se and a molecular weight of 5808 Daltons, both identical to
that of human insulin. Insulin lispro-aabc has the following primary structure:

A-Chain

B-Chain %
'®

LYUMUJEV is a sterile, aqueous, clear, and colorless solution for subcutaneous or intravenous
administration. Each mL of LYUMJEV U-100 contains 100 units of insulin lispro-aabc and the
inactive ingredients: glycerol (12.1 mg), magnesium chloride hexahydrate (1.02 mg), metacresol
(3.15 mg), sodium citrate dihydrate (4.41 mg), treprostinil sodium (1.06 mcg), zinc oxide
(content adjusted to provide 39 mcg zinc ion), and Water for Injection, USP. The LY900014
drug product is supplied as a 100 unit/mL solution in;®® glass 10 mL vial with an
elastomeric stopper. For continuous subcutaneous insulin infusion (CSII), LY900014 drug
product from the 10 mL vial is transferred to pump reservoir as per specific instructions from the
CSII pump system manufacturer.
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2.2  General Clinical Pharmacology/ Specific review questions

2.2.1 Does the clinical pharmacology data adequately support the administration of Lyumjev
in pediatric patients and adolescents with Type 1 Diabetes Mellitus via subcutaneous
injection and CSII?

Clinical pharmacology study, 18B-MC-ITSA (ITSA), provides supportive evidence in terms of
the PK and PD profile of LY900014 when administered as a single subcutaneous (SC) bolus
administered via injection and via continuous subcutaneous insulin infusion (CSII) in children (>
6 years) and adolescents with TIDM. The study specifically addresses whether the PK/PD
profile of Lyumjev and the differences from Humalog observed with subcutaneous bolus via
injection and CSII are consistent across children and adolescents compared to adults with TIDM
and whether the data support the same time of administration and dose.

Study ITSA was a randomized, multi-center, patient- and investigator-blind, 2-part study, with
each part containing a 2-period crossover assessment in children (age 6 to <12 years),
adolescents (age 12 to <18 years), and adults (age 18 to <65 years) with TLDM to evaluate the
insulin lispro PK and PD (post-prandial glucose excursion; PPG) characteristics of Lyumjev and
Humalog given as a single dose bolus either as a SC injection or via a CSII pump. This study
comprised 2 parts: Part A: Patients received a single dose of LY900014 and Humalog on 1
occasion each as SC bolus injection; Part B: Patients received a single dose of LY900014 and
Humalog on 1 occasion each as SC bolus via CSII. Key inclusion criteria for this study were
male or female subjects with a diagnosis of T1DM aged between >6 and <65 years, children and
adolescents with a body mass index (BMI) within 3rd and 95th BMI percentiles with a minimum
weight of 25 kg, adults with a BMI <28.0 kg/m2, and glycated hemoglobin <10% at screening.

The run-in period started with a variable intravenous (1V) infusion of glucose (5% dextrose
solution) or regular human insulin to reach a target glucose level of 135+25 mg/dL (7.5t1.4
mmol/L). If this target glucose level was not attained before 11:00 AM on Day 1, MMTT was
halted and performed on a separate visit (an MMTT can only be rescheduled (up to 7 days) once
for each study period). The run-in period ends once the target blood glucose level was attained
and remained stable without intervention for at least 20 minutes before the scheduled start time
of MMTT on Day 1. A liquid MMTT was given to the children, adolescents, and adults for each
period and completed within 15 minutes of starting the meal. Patients did not consume any
further oral food until the completion of blood glucose collection (approximately 300 minutes).
The MMTT was adjusted by the patient’s weight, unless they were greater than 55 kg and
received a MMTT containing 100 g of carbohydrates. The MMTT was kept the same for both
periods.

In part A, each patient received either LY900014 or Humalog with an insulin lispro dose level of
0.2 U/kg body weight, as a SC bolus injection per the assigned treatment sequence. The study
drug was administered immediately before the start of a test meal per the assigned treatment
sequence. This dose of insulin before the MMTTSs for each patient was the same for each test
meal throughout the crossover periods; this dose was maintained for the patient in Part B.

In Part B insulin U-100 was administered via Medtronic 640G or 630G CSII. The basal rate
setting was standardized to 0.1 U/hour during the run-in period in Part B. Each patient received
either LY900014 or Humalog with an insulin lispro dose level of 0.2 U/kg body weight, as a SC
bolus dose delivered using the CSII pump per the assigned treatment sequence. The catheter was
inserted the night before with low continuous delivery overnight. Patients received the assigned
treatment immediately before each of the test meals. At the start of dosing period (Day 1), a
standardized test meal was administered.
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PK of insulin lispro following SC bolus injection administration

In Part A, the differences in insulin lispro PK profiles between LY900014 and Humalog
following SC bolus injection were similar in children, adolescents, and adults. Median time to
reach peak maximal concentration (tmax) of serum insulin lispro was similar between children
(0.75 h), adolescents (0.79-0.83 h), and adults (0.83 h) between LY900014 and Humalog.
(Appendix 4.2.2). The median early 50% tmax of insulin lispro was reduced by approximately 30-
51% with LY900014 compared to Humalog, which corresponds to a difference of 13 minutes in
children, 7 minutes in adolescents, and 10 minutes in adults. This slightly faster early insulin
lispro absorption with LY900014 was associated with increase in early serum insulin lispro
exposure, area under the concentration versus time curve from zero to 15 minutes post-dose
(AUCHo-15minj), by 6.5-fold in children, by 3.5-fold in adolescents, and by 5.1-fold in adults with
LY900014 compared to Humalog. Similarly, the AUCo-3ominj Was increased by 2.7-fold in
children, by 1.9-fold in adolescents, and by 2.1-fold in adults with LY900014 compared to
Humalog.

Although slightly faster early insulin absorption was observed for LY900014, the overall mean
systemic exposures (AUCio-«], AUC|o-tiast) Of serum insulin lispro were not statistically
significantly different for LY900014 compared to Humalog in all the age groups.
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Figure 1. Mean insulin lispro concentration (xSE) versus time (top) and for the first hour
(bottom) following a 0.2-U/kg SC bolus injection of LY900014 or Humalog in children (left),

adolescents (middle), and adults (right) with type 1 diabetes mellitus (Part A).
(Source: 18B-MC-ITSA CSR Figure ITSA 7.1, ITSA 7.2)

PK of insulin lispro following CSII administration

Median time to reach peak maximal concentration (tmax) of serum insulin lispro was similar
between children (0.72-0.83 h), adolescents (0.67-0.83 h), and adults (0.88-0.92h) between
LY900014 and Humalog. (Appendix 4.2.2). The timing of the early 50% tmax was reduced by 1
to 2 minutes and the onset of appearance was reduced by 0.5 to 1.52 minutes following
LY900014 compared to Humalog in all age groups. The insulin lispro exposure within the first
15 minutes, AUC(0-15min) was increased by 1.61-fold in children (p=0.0397), by 1.38-fold in
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adolescents (p=0.1266), and 1.66-fold in adults (p=0.0229) after LY900014 administration
compared to Humalog. The overall insulin exposure (AUC[0-»], AUCo-tiast], Or AUCo-7h]) and tmax
were similar between LY900014 and Humalog in all the age groups.
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Figure 2. Mean insulin lispro concentration (xSE) versus time (top) and for the first hour
(bottom) following a 0.2-U/kg SC bolus infusion of LY900014 or Humalog in children (left),

adolescents (middle), and adults (right) with type 1 diabetes mellitus (Part B).
(Source: 18B-MC-ITSA CSR Figure ITSA 7.3, ITSA 7.4)

PD of insulin lispro following SC bolus injection administration
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Figure 3. Mean glucose excursions (+SE) versus time following a test meal with a 0.2-U/kg
SC dose of LY900014 or Humalog in children (left), adolescents (middle), and adults (right)
with type 1 diabetes mellitus (Part A). (source: 18B-MC-ITSA CSR Figure ITSA 7.5)

LY900014 reduced the mean change from baseline postprandial glucose excursions up to 2
hours postmeal in both children and adolescent patients compared to Humalog. In adults,
LY900014 reduced change from baseline postprandial glucose excursions up to 1-hour post-
meal compared to Humalog.

LY900014 reduced the change from baseline blood glucose at 1 hour by 41.7 mg/dL in children,
by 18.6 mg/dL in adolescents, and by 33.7 mg/dL in adults. Similarly, the change from baseline
in blood glucose at 2 hour was reduced by 31.7 mg/dL in children and by 38.5 mg/dL in
adolescents with LY900014 compared to Humalog.
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PD of insulin lispro following CSII administration
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Figure 4. Mean glucose excursions (£SE) versus time following a test meal with a 0.2-U/kg
SC dose of LY900014 or Humalog in children (left), adolescents (middle), and adults (right)
with type 1 diabetes mellitus (Part B). (source: 18B-MC-ITSA CSR Figure ITSA 7.6)

The postprandial glucose response between LY900014 and Humalog were similar in all age
groups. No significant changes were identified between treatments.

Overall, the PD profiles were consistent with corresponding changes in PK for both, LY900014
and Humalog. Based on exploratory analysis of the interaction between age group and treatment
effect, there were no significant age group-by treatment interactions. The PK/PD data from this

study provide supportive evidence of adequacy of administration of Lyumjev in children (age 6

to <12 years), adolescents (age 12 to <18 years) by CSII and multiple dose injection.

2.2.2. What is the relevance of Lyumjev pharmacokinetic/pharmacodynamic data to the
observations from the efficacy evaluation of Lyumjev in comparison to Humalog in the
pivotal Phase 3 trial ITSB?

ITSB was a Phase 3, prospective, randomized, outpatient, multinational, multicenter, parallel,
active-controlled study conducted in children and adolescent patients with type 1 diabetes
currently using a multiple-daily-injection (MDI) regimen. The study included a 1-week
screening with a 4-week lead-in period, followed by a 26-week treatment period and a 2-week
safety follow-up period. daily injections. Both LY900014 and Humalog have the same insulin
lispro concentration of 100 U/mL, and dosing is individualized for each patient. Patients in the
LY900014 and Humalog treatment groups administered treatment O to 2 minutes before the start
of a meal. Patients in the LY900014+20 treatment group administered treatment up to 20
minutes after the start of the meal. Primary objective was to test the hypothesis that LY900014 is
noninferior to Humalog on glycemic control (NIM = 0.4% for HbA1c) in patients 1 to <18 years
of age with T1D when administered as prandial insulin (0 to 2 minutes prior to the meal) in
combination with basal insulin as part of a multiple daily injection regimen for 26 weeks. While
the acceptability of the efficacy/safety claims is deferred to Statistical/Clinical reviews, efficacy
and PPG excursion results from the Phase 3 study ITSB are summarized here.

Figure 5 presents the actual LSM HbA1c by visit and at endpoint from all randomized patients
from study entry to Week 26 for the efficacy estimand.

Reference ID: 5050632 9



Ly —&— Humalog —®— LY800014 —-T-—— LY800014 Pastmeal [ 664

8.1 4 654

644
3.0

624

HoATe (%)
~
w0
'
i
%
|
|
|
|
|
|
[d)
H—fm=
T
@
w
kS
HbA e (mmolimoly

784
614

771
G604

7.6+ F594

ThH4 Baseline F5a4
T T T T

-5 o ] 12 26

Time since randomization (Weeks)

Abbreviations: LSMean = Least Square Mean; LY900014 Postmeal = LY900014 administered as postprandial ingulin up to 20 minutes after the start of a meal; SEM = Standard Error of Mean.

Note 1: The conversion between % and mmolimel is 10.93*Hba1c{%) - 23.5
Mote 2: Data are Mean at study entry and LSMean * SEM at other visits.

Figure 5. HbAlc from screening to Week 26

(Source: 18B-MC-ITSB CSR Figure ITSB 5.1)

There were no significant differences in HbAlc between treatment groups at any visit.

At week 26, treatment with mealtime Lyumjev provided a mean reduction in HbA1c that met the
pre-specified non-inferiority margin (0.4%). Post-meal Lyumjev met the prespecified non-
inferiority margin (0.4%) compared to mealtime Humalog. Insulin doses were similar in all
treatment groups at baseline and at 26 weeks. LY900014 versus Humalog change from baseline
in postprandial glucose excursion was statistically significantly lower for:

1 morning premeal to 1-hour postmeal excursions (p=0.016): -14.5 [-0.8] versus -4.3 [-0.2].
) midday premeal to 1-hour postmeal excursions (p=0.004): -7.4 [-0.4] versus 5.4 [0.3].
[1 evening premeal to 1-hour postmeal excursions (p<0.001): -10.4 [-0.6] versus 5.7 [0.3].

(1 for premeal to 1-hour postmeal excursion daily mean (p<0.001): -11.3 [-0.6] versus 1.9 [0.1].
Source: 18B-MC-ITSB CSR

LY900014+20 versus LY900014 was statistically significantly higher for premeal to 1-hour
post-meal excursion daily mean change from baseline (p=0.009): -2.5 [-0.1] versus -11.3 [-0.6].
There were no other significant differences between treatment groups for PPG at Week 26.

A statistically significant treatment difference for change from baseline in 1-hour and 2-hour
PPG excursion after 26 weeks of treatment during a mixed meal tolerance test was observed in
favor of Lyumjev when compared to Humalog. However, a similar reduction in HbAlc from
baseline to Week 26 makes the difference in the extent of 1-hour and 2-hour PPG excursion not
clinically meaningful. The non-inferiority reduction of HbA1C is ITSB is consistent with the
comparable glycemic control observed between Lyumjev and Humalog in the PK/PD study
ITSA.

2.2.3. Does the clinical pharmacology data adequately support the administration of Lyumjev
20 minutes after start of the meal in pediatric patients and adolescents with Type 1
Diabetes Mellitus via MDI or CSI|I therapies?

Population PK (PopPK) and PK/PD models were developed to characterize the observed serum
insulin lispro and glucose dynamic following MDI or CSlI therapies in TLDM patients with
different age groups (children, adolescent and adults). These models were based on data from
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ITSA Part A and Part B, in which Lyumjev and Humalog were administered before meal. In
order to further assess the PK/PD profiles of insulin lispro in TLDM patients given 20 minutes
after the start of the meal, which was not tested in the Study ITSA, simulations were performed
using the final optimized pediatric/adult models to predict insulin lispro and glucose profiles
when insulin lispro is administered 20 minutes after the start of the meal.

The results showed that, irrespective of relative time of insulin to start of the meal, the model
predicted a greater glucose-lowering effect with LY900014 than Humalog in children,
adolescents, and adults with TIDM (Figure 6).

Children Adolescents Adults

— LY900014
Humalog

—— LY900014
—— Humalog
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B 350- 350

300 300 300

250 250

250+

200 T 200 200

150 150/ 150
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/
Mean Glucose Concentration (mg/dl

100 i T — ™ 100 T T ] 100 T T T
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5

Mean Glucose Concentration (mg/dl)

Time post meal (h) Time post meal (h) Time post meal (h)

Figure 6. Model-predicted mean glucose concentration following SC injection of a 0.2
U/kg dose of either LY900014 or Humalog 20 minutes post the start of the meal in
children (left), adolescents (middle), and adults (right) with TIDM.

Abbreviations: h = hour; MMTT = mixed meal tolerance test; SC = subcutaneous; T2D = type 2
diabetes mellitus.

Sources:

Applicant’s MDI PopPK/PD report. Figure 10.1

Applicant’s IR Response. Figure 9.1 (received on 3/28/2022).

2.2.4. Does the clinical pharmacology data adequately support the administration of Lyumjev
in pediatric patients and adolescents with Type 2 Diabetes Mellitus via MDI or CSI|
therapies?

PopPK and PK/PD simulation were performed to characterize the serum insulin lispro profiles
and plasma glucose profiles following MDI and CSII administration in T2DM patients.

PopPK simulations suggested that LY900014 has an accelerated insulin lispro absorption with a
reduction in late insulin exposure compared to Humalog across all 3 age groups in T2DM patients
(Figure 7). In addition, model-based PK/PD simulations showed that when both insulins
(LY900014 and Humalog) were given prior to the start of meal or 20 minutes after the start of the
meal, LY900014 had a greater glucose lowering effect than Humalog in children, adolescents and
adults with T2DM (Figure 8). Moreover, the model predicted that the glucose excursion would be
higher for both LY900014 and Humalog when given 20 minutes after the start of the meal
compared to when LY900014 and Humalog are dosed immediately prior to the start of the meal
(Figure 8). These observations align with the PPG response observed in clinical pharmacology
studies conducted in adults with T2DM (Study -ITRW and Study 18B-FW-ITRH) where postmeal
dosing was assessed for both LY900014 and Humalog and is reflective of the absorption of

Reference ID: 5050632 11




carbohydrates prior to the onset of insulin action. Finally, the hypoglycemia risks of LY900014
and Humalog were generally consistent across carbohydrate amounts. (Figure 9)

In general, the evidence from PK/PD modeling and simulations supported that LY900014 be
used in pediatric patients with T2DM.
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Figure 7. Model-predicted mean insulin lispro concentration versus time (top) and for the
first hour post dose (bottom) following SC injection via MDI of a 0.2 U/kg dose of either
LY900014 or Humalog in children (left), adolescents (middle), and adults (right) with
T2DM.

Abbreviations: h = hour; SC = subcutaneous; T2D = type 2 diabetes mellitus.

Source: Applicant’s pediatric/adult MDI Population PK/PD reports. Figure 10.2.

Applicant’s IR response on 03/28/2022. Figure 9.2
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Figure 8. Model-simulated change from baseline glucose concentration versus time from
breakfast MMTT following SC injection of a 0.2-U/kg dose of either LY900014 or Humalog
when insulins are given immediately prior (top) and 20 minutes after (bottom) the start of
the meal in children, adolescents, and adults with T2D.
Abbreviations: h = hour; SC = subcutaneous; T2D = type 2 diabetes mellitus.

Sources: Applicant’s MDI PopPK/PD report. Figure 10.2
Applicant’s IR Response. Figure 9.3 (received on 3/28/2022).
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Figure 9. Model-predicted glucose <70 mg/dL (left column) or <54 mg/dL (right column) in children
with T2DM following the MMTT containing 50 g (top row), 35 g (middle row), or 15 g (bottom row)
of carbohydrates and LY900014 or Humalog given immediately before the meal at fixed dose of 10 U.
Abbreviations: MMTT = mixed meal tolerance test; T2DM = type 2 diabetes mellitus.

Note: The numbers below each bar along the x-axis are the median of the simulation and correspond to the
height of each bar. The error bar is the 97.5th percentile of the 1000 replicates.

Source: Applicant’s IR response on 7/15/2022. Table 5.4

3. LABELLING RECOMMENDATION
None
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4. APPENDICES

4.1 Summary of Bioanalytical Method Validation and Performance
Free insulin Lispro (LY275585) in human serum samples was analyzed using a validated enzyme-

linked immunosorbent (ELISA) method at (b) (4)
Table ITSA.5.3. Bioanalytical Method: Assay Parameters
Parameters Insulin Lispro
LLOQ* 50 pg/mlL (8.6 pM)
ULOQ? 2000.0 pg/mL (344.4 pM)
Inter-assay accuracy (% relative error) -8.610-0.7%
Inter-assay precision (% relative standard deviation) 62t011.2%
Stability 448 days at -20°C
365 days at -80°C
Abbreviations: LLOQ = lower limit of quantification: ULOQ = upper limit of quantification.
*  Samples above the limit of quantification were diluted to yield results within the calibrated range.

4.2 Clinical Study Report Synopsis: Study 18B-MC-ITSA

Title of Study: A Study to Evaluate the Pharmacokinetics and Glucodynamics of LY900014 Compared to Humalog in
Children, Adolescents, and Adults with Type 1 Diabetes Mellitus

Number of Investigators: This multi-centre study included 2 principal investigators.

Study Center(s): This study was conducted at 2 study centres in 2 countries.

Publication(s) Based on the Study: None at this time

Length of Study: Phase of Development: 1
Date of first patient entered: 27 March 2018

Date of last patient completed: 14 November 2019
Objectives:

Primary:

e  Part A: To evaluate the pharmacokinetics (PK) of insulin lispro following a single subcutaneous (SC) bolus
dose administered through injection of LY900014 compared to Humalog in children, adolescents, and
adults with type 1 diabetes (T1DM).

e Part B: To evaluate the PK of insulin lispro following a single SC bolus dose administered through
continuous subcutaneous insulin infusion (CSII) of LY900014 compared to Humalog in children,
adolescents, and adults with TIDM.

Secondary:

e Parts A and B: To evaluate the difference in glucodynamic (GD) response to LY900014 and Humalog
administered through SC bolus injection or CSll, as assessed using the liquid mixed meal tolerance test
(MMTT) in children, adolescents, and adults with TIDM.

e Parts Aand B: To evaluate the tolerability of LY900014 following SC injection or CSll in children,
adolescents, and adults with TIDM.

Study Design: This was a multi-centre, Phase 1, randomised, 2-part, patient- and investigator-blind, 2-period

crossover study in children (age 6 to <12 years), adolescents (age 12 to <18 years), and adults (age 18 to <65 years)
with TIDM currently using a CSIl pump or MDI regimen.
This study comprised 2 parts:
e Part A: Patients received a single dose of LY900014 and Humalog on 1 occasion each as SC bolus
injection.
e  Part B: Patients received a single dose of LY900014 and Humalog on 1 occasion each as SC bolus via
CSII.
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Number of Patients:

Part A: Part B:
Planned: 45 Planned: 45
Randomized: 42 Randomized: 39
Treated (at least 1 dose): 42 Treated (at least 1 dose): 37
Completed: 41 Completed: 37

Diagnosis and Main Criteria for Inclusion: Key inclusion criteria for this study were male or female subjects with a
diagnosis of TIDM aged between 26 and <65 years, children and adolescents with a body mass index (BMI) within
3rd and 95th BMI percentiles with a minimum weight of 25 kg, adults with a BMI <28.0 kg/m?, and glycated
hemoglobin <10% at screening.

Test Product, Dose, and Mode of Administration:

Part A: LYS00014 was given as a single SC bolus injection; dose was prepared as 0.2 U/kg. The lot number was
C746094D.

Part B: LY900014 was administered via Medtronic 640G or 630G CSlI bolus; dose was prepared as 0.2 U/kg. The
lot number was C746094D.

Comparator, Dose, and Mode of Administration:

Part A: Humalog was given as a single SC bolus injection; dose was prepared as 0.2 U/kg. The lot numbers were
C558466A and C869764D.

Part B: Humalog was administered via Medtronic 640G or 630G CSllI bolus; dose was prepared as 0.2 U/kg. The lot
numbers were C558466A and C869764D.

Duration of Treatment:

Part A: The screening period was up to 28 days prior to dosing, the treatment period (2 periods) was 2 days as
inpatient, and the follow-up period was 14 days after last dose. Total duration of each part was up to 68 days. Part
B: The screening period was up to 28 days prior to dosing, the treatment period (2 periods) was 2 days as
inpatient, and the follow-up period was 14 days after last dose. Total duration of each part was up to 68 days.

\Variables:

Safety: Adverse events, injection/catheter insertion-site reactions, clinical laboratory parameters, vital signs, and
hypoglycemic events.

Bioanalytical: Concentrations of insulin lispro were assayed using a validated enzyme-linked immunosorbent assay
method specific for insulin lispro.

Pharmacokinetics: Serum insulin lispro concentrations were used to calculate several PK parameters including time
to early half-maximal drug concentration (early 50% tmax), time to late half-maximal drug concentration (late 50%
tmax), maximum observed drug concentration (Cmax), time of Cmax (tmax), area under the concentration versus
time curve (AUC) from time zero to time t, where t is the last time point with a measurable concentration (AUC[O-
tlast]), AUC from time zero to 15 minutes (AUC[0-15min]), AUC from time zero to 30 minutes (AUC[0-30min]), AUC
from time zero to 1 hour (AUC[0-1h]), AUC from time zero to 2 hours (AUC[0-2h]), AUC from time zero to 7 hours
(AUC[0-7h]), AUC from time 2 to 7 hours (AUC[2-7h]), AUC from time 3 to 7 hours (AUC[3-7h]), AUC from time zero
to infinity (AUC[0-o=]), onset of appearance (the time from study drug administration until the first time the serum
insulin lispro concentrations reached the lower limit of quantification [LLOQ]) of insulin lispro in the serum,
duration (the time from study drug administration until the serum insulin lispro concentrations reached the LLOQ
in the terminal phase) of insulin lispro in the serum.

Glucodynamics: The incremental change from baseline glucose AUC values were calculated using the linear
trapezoidal method (with negative areas included in the calculation of the trapezoidal areas). Several incremental
change from baseline glucose AUCs were calculated: change from baseline glucose AUC from time 0 to 30 minutes
postmeal (BGAAUC[0-30min]), change from baseline glucose AUC from time 0 to 1 hour postmeal (BGAAUC[0-1h]),
change from baseline glucose AUC from time 0 to 2 hours postmeal (BGAAUC[0-2h]), change from baseline glucose
IAUC from time 0 to 3 hours postmeal (BGAAUC[0-3h]), change from baseline glucose AUC from time 0 to 4 hours
postmeal (BGAAUC[0-4h]), change from baseline glucose AUC from time 0 to 5 hours postmeal (BGAAUC|[O-
5h])and change from baseline glucose AUC from time 2 to 5 hours postmeal (BGAAUC[2-5h]). In addition, the
change from baseline glucose at 1 hour (ABG1h), at 2 hours (ABG2h), and the maximum change from baseline
glucose value (ABGmax) were also analyzed.
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Statistical Evaluation Methods:

The analyses for Parts A and B were conducted separately using similar statistical methods. Primary statistical
analyses were conducted on the set of patients who completed both treatment periods. Safety analyses were
conducted for the set of patients receiving at least 1 dose of the study drug, whether or not they completed all
protocol requirements.

Safety: All study drug- and protocol procedure-related adverse events were listed, and if the frequency of events
allowed, safety data (including hypoglycaemic events) were summarised using descriptive methodology. Safety
parameters were listed, and summarised using standard descriptive statistics.

Pharmacokinetics: Log-transformed PK parameters for insulin lispro were evaluated to estimate least-squares
geometric means, ratios of geometric means between LY900014 and Humalog, and their corresponding 95%
confidence intervals (Cls) of the ratios using the mixed-effect model that included treatment, sequence, period,
age group, and treatment by age group interaction as fixed effects and patient within sequence as a random
effect. The same model without log transformation was used for the analysis of the PK time parameters (early 50%
tmax, late 50% tmax, tmax). Least-squares means (LSmeans), treatment differences in LSmeans, and the
corresponding 95% Cls for the treatment differences were estimated from the model. The treatment ratios and
95% Cls for the ratios using the Fieller’s theorem are provided.

Glucodynamics:

Summary statistics (including number of patients, mean, standard deviation or standard error, minimum, and
maximum) were presented by treatment for each age group. The GD parameters on the original scale (not log
transformed) were analysed using the same model used for PK parameters. Least-squares means, treatment
differences in LSmeans, and the corresponding 95% Cls for the treatment differences were estimated from the
model. The treatment ratios and 95% Cls for the ratios were calculated using the Fieller’s theorem.

Table ITSA.7.2. Statistical Analysis of the Pharmacokinetic Parameters Following SC Injection for Study 18B-MC-ITSA
-Part A
Parameter Treatment N Geometric least ERatio of geometric least squares means 95% CT for the ratio P-value
SQUAres mMeans (LY 200014 vs Humalog) (Lower, Upper)
Age group: Children

ICmax (pmolL) [Humalog 13 473

[LYS00014 13 520 109 (0.930, 1.2%) 0.2704
IAUC (0~} (poool-L/L) [Humalog 13 759

[LY900014 13 756 0996 (0.916, 1.08) 09163
IAUC{0-t1e) (pmol-bL)  [Humaleg 13 7

[LY900014 13 743 0998 (0.916, 1.09) 09591
IAUC{0-15min) (pmol-b'L) [Humaleg 12 5.00

[LY900014 13 391 6.52 (3.35,12.7) =.0001
IATC{0-30min} (pmol h'L) [Humalog 13 529

[LYS00014 13 141 266 (1.590,3.73) =.0001
IATC{0-1h) (pmol-hT) [Humalog 13 250

[LYS00014 13 354 142 (117, 1.72) 00009
IAUIC{0-2h) (pomeol-kL) [Humalog 13 356

[LYS00014 13 626 113 (0.992 1.28) 0.0647
IAUC{0-Th) (pomael-RL) [Humalog 13 736

LY 900014 13 735 0999 (0.918, 1.0%) 09813
IAUC(2-Th) (pmel-k'L) [Humalog 13 169

LY 900014 13 96.0 0.568 (0438, 0.73T) =.0001
IAUC(3-Th) (pmeol-hL) [Humalog 13 526

[LYS00014 13 219 0418 (0.278, 0.624) =.0001

Age group: Adolescent:

IKCmax (pmoll) [Humalog 14 485

[LYS00014 14 546 1.13 {0.963, 1.32) 0.1317
IAUC(0-m0) (pmol-kT) [Humalog 14 915

[LY900014 14 951 105 (0.95% 1.14) 02228
IATTC[0-t1q) (pmol b))  [Humalog 14 829

[LY900014 14 050 106 (0974 1.15) 01788
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Parameter Treatment N Geometric least ERatio of geometric least squares means 93% C1 for the ratio P-value
sQuares means (LY900014 vs Humalog) (Lower, Upper)
IAUC(0-15min) (pmol-b'L) [Humalog 13 749
LY 900014 14 26.3 3.51 (1.85, 6.66) 00003
IAUC(0-30min) (pmol-b'L) [Humaleg 14 6504
LY 900014 14 118 195 (1.41,2.71) 0.0002
IAUC(0-1h) (pmel-kL) [Humalog 14 264
[LYS00014 14 143 132 (1.09. 159 00045
IATIC(0-2h) (pmel-hT) [Humalog 14 604
[LY900014 14 714 118 (1.05,133%) 00084
IAUC(0-Th) (pmel-LL) [Humalog 14 908
LY 900014 14 062 1.06 (0.976, 1.15) 01638
IATIC(2-Th) (pmel-hT) [Humalog 14 267
LY 900014 14 199 0.746 (0.580, 0.958) 00230
IAUC(3-Th) (pmel-kL) [Humalog 14 922
[LY900014 14 357 0604 (0.409, 0.8582) 0.0126
Age group: Adults
Kmax (pmoll) [Humalog 14 523
[LY900014 14 561 1.07 0.917,1.25) 0_3688
IAUC(0-00) (pmol-h/L) [Humalog 14 087
LY 900014 14 089 1.00 (0.924 1.0%) 09693
IAUC(0-t1) (pmol-b/L)  [Humalog 14 065
[LYS00014 14 a76 101 {0.931 1.1 0.7910
IATC(0-15min) (pmol-h'L) [Humalog 14 741
[LY900014 14 378 511 (2.74,9.54) =.0001
IAUC(0-30min) (pmol- L) [Humaleg 14 629
[LYS00014 14 130 206 (149 2 86) =.0001
IATC(0-1h) (pmel-hT) [Hurmnalog 14 286
[LYS00014 14 362 1327 (1.05, 1.53) 0.0148
IAUC(0-2h) (pmel-kL) [Humalog 14 648
LY 900014 14 TIT 1.11 (0.980, 1.25) 00993
IAUC(0-Th) (pmel-L) [Humalog 14 975
[LYS00014 14 087 1.01 (0.933, 1.10) 0.7623
Parameter Treatment N Ceometric least Eatio of geometric least squares means 92% C1 for the ratio P-walue
sQuATres Means (LY900014 v Humaloag) {Lower, Upper)
IAUC(2-Th) (pmel-kL) [Humalog 14 290
LYS00014 14 218 0.754 (0587, 0.969) 0.0285
IATUC(3-Th) (pmel-LL) [Humalog 14 109
[LYS00014 14 554 0629 (0426, 0.928) 0.0208

Abbreviations: AUC = area under the concentration versus time curve; AUC{-15min) = ATUC from fime zevo to 15 minutes postdose; ATUC(0-30min) = area
under the concentration versus fime curve from fime zero to 30 munutes postdose; AUC(D-1k) = AUC from time zere to 1 howr postdese; AUC(0-2k) = AUC
from fime zero to 2 howrs pestdese; AUC(0-Th) = AUC from time zero to 7 hours pestdose; AUC(2-Th) = AUC from fime 2 to 7 bowrs postdose; AUC{3-Th)
= AUC from time 3 to 7 hours postdose; AUC({0-=) = AUC from time zero to mfinity; AUTC{0-tiw) = AUC from time zero to fime t, where t is the last time

point with a measurable concentration; Cmax = Maxmmum observed drug concentration; (I = confidence mmterval; M = Number of patients; 5C =

subcutanecns.

Model: Log(PK) = Agze Group + Period + Treatment + Sequence + Age Group*Treztment + Patient{Sequence) + Random Emror where Patient(Sequence) 15 fitted

as a random effect
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Table ITSA.T.3.

Statistical Analysis of the Pharmacokinetic Time Parameters Following SC Bolus Injection for Study
IBB-MC-ITSA - Part A

Parameter Treatment| N | LS mean Difference 95% CT for P-value Ratio of 95% CT for
in LS means the difference LS means the ratio
(LY 900014 - (Lower, Upper) (LY900014 : (Lower, Upper)
Humalog) Humaloz)
Are group: Children
fmax (h) Humaloz 13 0.843
LY300014 | 13 0.768 -0.0751 {-0.243_0.092) 03697 0511 (0768, 1.09%)
[Early 50% tmax (pan) [Humaloz 13 254
LYS300014 | 13 124 -13.0 (-17.8_-B.25) =<.0001 0483 (0.35%_0.6500
[Late 50% tmax (num) Humalog 13 117
LY300014 | 13 99.5 -17.0 (-31.2, -2.8T) 0.0198 0.854 (0.762, 0.934)
Duration (mim) Humalog 12 334
LY300014 | 13 178 -55.8 (-85.0, -26.5) 0.0006 0.833 (0.725, 0.948)
IO0nset of Appearance (mm)  [Humalog 13 5.45
LYS00014 | 13 1.05 -5.40 (-8.06 -2.74) 0.0002 0.163 (0.061, 0317
Age group: Adolescents
max (h) Humalog 14 0910
LY300014 | 14 0.891 -0.0186 (-0.180,0.143) 0.58169 0.980 (0.789,1.21)
[Early 50% tmax (pun) Humalog 14 239
LY300014 | 14 16.6 -7.29 (-11.9, 2.7 0.0026 0.695 (0,478, 0.914)
[Late 50% tmax (mm) Humalog 14 131
LY300014 | 14 121 -10.2 (-238.1449 0.1383 0.922 (0805, 1.05)
Curation (mim) Humaloz 11 349
LY300014 | 12 313 -36.1 (-66.7,-5.54) 0.0224 0.897 (0795, 1.00)
IOnset of Appearance (mm)  [Humalog 14 538
LY300014 | 14 191 448 (-7.04.-1.80) 0.0011 0.299 (0.006, 0.633)
Age group: Adults
max (k) Humaloz 14 0.904
LY300014 | 14 0.889 -0.0157 {-0.177.0.148) 0.8447 0.983 (0.778,1.23)
[Early 50% tmax (min) Humalog 14 245
LY300014 | 14 144 -10.1 (-14.6,-5.48) =.0001 0.589 (0.421, 0.754)
Parameter Treatment| N | LS mean Difference 95% 1 for P-value Ratio of 92% CT for
in L% means the difference LS means the ratio
(LY900014 - {Lower, Upper) (LYS00014 : (Lower, Upper)
Humaloz) Humalo=)
[Late 50% tmax (min) Humalog 14 128
LYS00014 | 14 117 -11.5 (-25.2,2.13) 0.0956 0.910 (0.789, 1.04)
[Churation (mm) Humaloz 9 359
LYS00014 | 13 343 -16.1 (494 17.1) 03281 0.935 (0.851, 1.06)
IO0nset of Appearance (mum)  [Humalog 14 454
LY®00014 | 13 0.859 -3.98 (-6.60,-1.35) 0.0039 0.178 (0.055, 0.345)
Abbreviations: CI = confidence inferval; Duration = Time from study diug administration until the serum msulin lispro concentrations reached the lower hmit of

quantification; Early 50% tmax = Time to early halfmaximal diug concentration; Late 50% tmax = Time to late half-maximal drug concentration; LS =Least
squares; N = Number of patients; Onset of Appearance = Time from study dmg admmistration untl the first ime serum mesulin hspro concentrations reached
the lower limit of quantification; 5C = subcutaneous: tmax = time of maximum observed drug concentration.
Model: PE = Age Group + Peniod + Treatment + Sequence + Age Group*Treatment + Patient{Sequence} + Fandom Emor where Patient(Sequence) 15 fitted as a
random effect The CIs for the ratio were caleulated using the Fieller's theorem. P-value is for the test of the mean difference.

Reference ID: 5050632



Table ITSA.7.4.

Summary of Key Pharmacokinetic Parameters (Geometric Mean
[CV%:]) of Insulin Lispro Following SC Bolus Infusion via Pump of
LY900014 and Humalog in Children, Adolescents and Adults with

Type 1 Diabetes Mellitus (Part B)

Geometric Mean (CV% Geometric Mean)

Children Adolescent: Adulis
PE Parameters Humalog LY 900014 Humalog LY900014 | Humaleg LY900014
N 11 11 13 13 12 12
Mean Dosze (T) £.99 7.00 126 126 147 14.7
Comax 400 450 478 433 48 363
(pmol L) (291 {19} Gn (31} (33 (41}
tmar 0.73 083 0.67 0.83 0.92 0.38
(0.32 - {0.50 — (0.50 — (0.67 - (042 —
®) e L0 1.17) 1.00) L.17) LIT 2000
Early 50% tmar 183 16.7 21.6% 154 242 231
- 7.36 - 11.5- 128 - 129- 146 -
i) =250 (3 0.5) (2?_53 (35.1} {3 73) {13.2}
Late 50% tmay 115 117 128 124 141 136
(min) (81.8-147) | (699-161) | (Bl6-163) | (B3.2-205) | (75.5-171) | (92.7-186)
ATC(0-15min) 12.6 205 9382 13.4 .99 146
(pmolsh/1) (58) (68} (TN (59) (35) (75}
ATC(0-20min) 740 936 75.8 T6.6 68.4 895
(pmolsh/L) (36) 42) (40 (51} (78) (34}
AUC(0-1k) 251 289 288 273 302 330
(pmol-hL) (293 (30} (3L (33 (36) (46}
AUC(0-2k) 530 570 611 590 722 TI3
(pmolsh/1) (21} (200 22 (25) (41 (38)
ATC(0 -Th) 714 743 866 £42 1070 1100
(pmolshL) {17 (1T} (16} 20 (35 (35}
AUC(2-Th) 173 158 229 218 326 243
(pmolshL) {36} 44 (56) (5% {3 (52)
AUCE-Th) 589 502 86.1 75:2 115 838
(pmolsh/L) (55) (51} (84) (57T (46) {74)
AUCHO0-tep) 706 730 858 833 1060 1090
(pmolsh/L) (17) (16} {17 (21} (35) (35)
ATC(0-=) 717 743 871 £51 1070 1100
(pmolsh/L) (17} (17} (163 21) (34 (35
Onzet of
Appearance” 2 08* 133 3.86° 298¢ 3.49 257
iy (1.64 - (0.957 - (1.14 - (0472 -
(1.053-9.14) | (0.18-5.96) 7.98) 6.23) 10.0) 10.7)

Duration” 359¢ 300 420 300° 361 360°
(1min} (298 —420) | (240 -4200 | 240420y | (240-360) | (360—420) | (300 —420)

Reference ID: 5050632



Abbreviations: AUC = area under the concentration versus fime curve; AUC(0-15mun) = AUC from time zero to 15
pumates; AUCT-30mun) = AUC from time zero to 30 munutes; AUC(0-1h) = AUC from time zero to 1 hour:
AUC{0-2h) = AUC from time zero to 2 hour; AUC({0-Th) = AUC from time zero to 7 howr; AUC2-Th) = AUC
from time 2 hours to 7 hours; AUC(3-Th) = AUC from time 3 hours to 7 howrs; AUC(0-t1e) = AUC from time
zero to time £, where t 1= the last time point with a measurable concentration; AUC{0-0) = AUC from time zero
to infinity; Che = maxmum observed drug concentration; CV = coefficient of vanation; Duration = Time from
study dmg admimistration until the serum mmsulin lispro concentrations reached the lower lomit of quantfication:
early 50% tue = tme to early half-maximal drug concentration: late 50% tag, = ime to late half-maximal drug
concentration; W = number of patient; Onset of Appearance = time from study dmg admimstraton until the first
fime serum msulin lispro concentrations reached the lower et of quantficaton; PE= pharmacokinetics; SC =

subcutaneons; e = tme to maximum observed dmug concentration.
a Median (mimmomm — maximmm )

kM =12
ceN=0
dN=11.
eN=10
fN=1T

Table ITSA.7.5.

Statistical Analysis of the Pharmacokinetic Parameters Following $C Bolus Infusion via Pump for
Study I8BB-MC-ITSA - Part B

Parawmeter Treatment N Geometric least- | Ratio of gecmetric least-squares means 95% CI for the ratio P-value
SQUAres INeans (LY200014 vs Humalog) (Lower, Upper)
Age group: Children

K max (pmolL) [Humalog 11 400
ILY 900014 11 443 112 (0.937, 1.34) 0.2035

A TIC(0-0) (pmoel-b/L) [Humalog 11 717
LY 900014 11 746 1.04 (0.939, 1.13) 0.3292

JATC{0-t10) (pmel-L/L) Humalog 11 706
LY 900014 11 732 1.04 (0.955,1.13) 0.3733

IATC(0-15miun) (pmol L) |[Humalog 11 12.8
LYS00014 11 20.5 1.561 (1.02, 2.53) 0.0397

ATUC(0-30min) (pmol-bL) |[Humalog 11 T4.7
LYS00014 11 95.2 1.23 (0.899. 1.81) 01669

ATIC(0-1h) (pmel-RL) [Humalog 11 252
LY 00014 11 188 114 (0,910, 1.44) 0.2407

JATIC(0-2h) (pmel BT [Hurnalog 11 530
LYS00014 11 570 1.08 (0.941, 1.2%) 0.2730

IAUC(0-Th) (pmel L) [Humalog 11 714
ILYS00014 11 745 1.04 (0.962, 1.13) 0.2952

ATIC(2-Th) (pmel-h/L) [Humalog 11 173
LY 500014 11 160 0.926 (0.759,1.13) 04380

ATIC(3-Th) (pmel hL) [Humalog 11 589
LYS00014 11 512 0.869 (0.628, 1.20) 03873

Age group: Adolescents

K max (pmolL) [Humalog 13 478
LY 900014 13 435 0.909 {0.771, L.OT) 0.2467

IATIC(0-2e) (poool-R/T) Humalog 13 871
LY 900014 13 342 0.974 (0904 1.05) 0.4784

A TIC(0-8,) (pmol-hT1) [Humalog 13 839
LYS00014 13 831 0.968 (0.898, 1.04) 03963

ATUC(0-15min) (pmol-bL) |[Humalog 13 9.71
LYS00014 13 134 1.38 (0.909, 2.08) 0.1266

Reference ID: 5050632




Parawmeter Treatment N Geometric least- | Katie of geometric least-squares means 9504 CI for the ratio P-value
SqUAres means (LY200014 vs Humalog) (Lower, Upper)

IAUC(0-30min) { pmol-b/L) [Humalog 13 752
ILYS00014 13 76.9 1.02 (0.741, 1.41) 0. 8371

ATIC(0-1h) { pmol-R/L) Hurnalog 13 288
LY 300014 13 273 0.950 (0.770, 11T 0.6238

JAUC(0-2h) { pmol-k/L) Humalog 13 611
LY 500014 13 591 0.967 (0854, 1.09) 0.5808

ATC(0-Th)  pmol-h/L) Humalog 13 366
LY 300014 13 340 0.970 (0.901, 1.04) 0.4052

ATC(2-Th) { pmol-h/L) Humalog 13 229
LY 300014 13 216 05940 (0.783,1.13) 0.4970

IAUC(3-Th) { pmol-R/L) [Humalog 13 B6.2
LY 300014 13 741 0.860 (0,637, 1.16) 03104

Age group: Adults

Kmax (pmelL) [Humalog 12 548
[LY500014 12 567 1.03 (0.871,1.23) 0.6957

IATTC(0-x) ( poaol-h/L) Humalog 12 1072
LY 300014 12 1092 1.02 (0,943, 1.10) 0.61593

IAUC(D-t1a) { pmal-hL) Hurnalog 12 1057
LY 300014 12 1083 1.02 (0946, 1.11) 0.5442

IAUC(0-15min) { pmol-b'L) [Humalog 12 B.77
[LY500014 12 146 1.66 (108, 257) 0.0229

AUC(0-30min} { pmol-h'L) [Humalog 12 67.3
LY 300014 12 90.2 134 (0.958, 1L.ES) 0.0849

IAUC(0-1h) { pmol-k/L) Humalog 12 300
LY 900014 12 332 1.11 (0888, 1.38) 0.3561

ATIC(0-2h) { pmol-R/L) Humalog 12 723
LY 300014 12 775 1.07 (0942 132 0.2311

ATC(0-Th) ( pmol-h/L) Humalog 12 1066
LY 300014 12 1092 1.02 (0948, 1.11) 0.5314

ATIC(2-Th) { pmol-R/L) Hurmnalog 12 327
LY 300014 12 288 0.881 (0.728. 1.0T) 0.18350
Parameter Treatment N Geometric least- | Ratio of geometric least-zquares means: 9504 CT for the ratio P-value

sQuATes Means (LY900014 vz Humalog) (Lower, Upper)

IAUC(3-Th) { pmol-RTL) Hurnalog 12 115

LYS00014 12 Bl.0 0.703 (0.515, 0.961) 0.0283

Abbreviations: AUC = area under the concentration versus time curve; AUC{)-1h) = AUC from time zero to 1 hour postdese; AUC{0-2h) = AUC from time zero
to 2 hours postdose; ATUC{0-Th) = AUC from time zero to 7 hours postdose; AUC(2-Th) = AUC from time 2 to 7 howurs pestdose; AUC(3-Th) = AUC from
time 3} to 7 hours postdose; AUC(0-15mm) = AUC from tume zero to 15 mumutes postdose; AUC(0-30mm) = AUC from time zero to 30 munutes postdose;
AUC(0-==) = AUC from time zero to infinty; AUC(0-tie) = AUC from time zero to time t, where t 15 the last time point with a measurable concentration;

Cmax = Maxmmum cbserved dmg concentration; CI = Confidence interval; N = Number of patients; 5C = subcutaneous.
Model: Log(PK) = Age Group + Penod = Treatment + Sequence + Aze Group* Treatment + Patient{Sequence) + Random Emor where Patient(Sequence)) 1= fitted

as a random effect

Reference ID: 5050632




Table ITSA.7.6. Statistical Analysis of the Pharmacokinetic Time Parameters for Study IBB-MC-ITSA - Part B

Parameter Treatment| N | LS mean | Difference in LS means 92% CT for the P-value | Ratio of LS means | 95% CI for the
(LY900014 - Humalog) difference (LY900014 : ratio
{Lower, Upper) Humalog) {Lower, Upper)
Age group: Children
b (k) [Humalog 11 0.743
LY900014 | 11 0806 0.0625 {-0.139, 0.264) 0.5325 1.08 (0.839, 1.40)
[Early 50% tmax {min) [Humalog 11 18.3
LY900014 | 11 16.6 -1.65 (-6.46_3.15) 0.487% 0.909 (0.686.1.17)
Late 50% tmax (min) [Humalog 11 120
LY900014 | 11 112 -7.09 (-29.2 15.1) 0.5188 0.941 (0,800, 1.09)
Duratien (min) [Humalog 10 347
LY900014 | 11 317 -30.0 (-58.7, -1.36) 0.0408 0914 (0.821, 1.01})
\Onset of Appearance [Humalog 9 295
fmin) LY900014 | 11 214 -0.812 (-2.45 0.831) 0.3182 0.725 (0.367, 1.46)
Age group: Adolescents
b (k) [Humalog 13 0.734
LY900014 | 13 0.858 0.124 {-0.061, 0.310) 0.1823 117 (0.877, 1.56)
[Early 50% tmax (oon}  [Humalog 12 20.8
LY900014 | 13 19.8 -1.01 (-5.52_3.500 0.6504 0.951 (0.714, 1.24)
Late 50% tmax (min) [Humalog 13 122
LY900014 | 13 130 3.28 (-12.1. 281 0.4138 1.07 (0.845, 1.34)
Cruration (min) [Humalog g 382
LY900014 | 7 315 -66.9 (-103, -30.5) 0.0008 0.B25 (0.723,0.947)
\Onset of Appearance [Humalog 9 458
fmin) LY200014 | 11 3.07 -1.52 (-3.27,0.233) 0.0869 0.669 (0.421,0.977)
Age group: Adults
max (k) [Humalog 12 0.926
LY900014 | 12 0.955 0.0296 {-0.164, 0.223) 0.7578 1.03 (0.838,1.21)
[Earlty 50% tmax (oun} |[Humalog 12 245
LY900014 | 12 21.8 -2.75 (-7.37, 1L.87) 0.2333 0.BE3 (0.763, 1.02)
Late 50% tmax (min) [Humalog 12 136
LY900014 | 12 137 1.66 (-19.6, 223 0.8747 1.01 (0.B567,1.18)
Parameter Treatment| N |LS mean | Difference in LS means 93% CI for the P-value | Ratio of LS means | 95% CI for the
(LY%00014 - Humalog) difference (LYS00014 « ratio
{Lower, Upper) Humaloz) {Lower, Upper)
[Churafion (mim) [Humaleg 9 391
LYS00014 | 11 346 -453 (-754,-15.3) 0.0048 0.884 (0.807, 0.962)
IOnset of Appearance [Humalog 12 425
fmin} LY200014 | 10 3.72 -0.530 (-2.12, 1.06) 0.5000 0.875 (0482 144

Abbreviations: CI = Confidence imterval; Duration = Time from study drug administration until the serum insulin hspro concenfrations reached the lower limit of
quantification; Early 50% tmax = Time to early half-maximal drug concentration; Late 50% tmax = Time to late halfmaximal drug concentration; LS = Least
squares; N = Number of patients; Onset of Appearance = Time from study drug adoumistration until the first time serum wsulin hispro concentrations reached
the lower limit of quantification; tmax = time of maximum observed drug concentration

Model: PK = Apge Group + Period + Treatment + Sequence + Ape Group* Treatment + Patient{Sequence) + Random Emor
where Patient{Sequence) 15 fitted as a random effect
The CI= for the ratio were calculated using the Fieller’s theorem. P-value is for the test of the mean difference

Reference ID: 5050632



Table ITSA.T.T. Summary of Key Change from Baseline in Glucodynamic Parameters (Arithmetic Mean [Standard
Deviation]) Following Administration of Humalog and LY900014 in Children, Adolescents, and Adults
with Type 1 Diabetes (Excluding Data after Any Treatment Intervention) in Part A

Arithmetic Mean (Standard Deviation)
Children Adolescents Adults
PK Parameters Humalog LY 200014 Humalog LY900014 Humalog LY900014
N 12 12 13 13 14 14
Mean Doze (U) 7.08 708 12.5 12.5 15.4 154
ABGmax 162 146 195 183 146 143
{mg/dL) (51.5) (66.3) (66.8) (61.4) (51.5) {39.3)
ABGIh 111 63.7 132 111 924 58.7
{mg/dL) (51.9) (64.00) {41.1) (42.T) (51.3) {45.1)
ABGIR 116 76.1 150 103* 70.8 75.3
{mg'dL}) (62.6) (79.0) (59.2) (53.00) (64.9) (63.8)
BCGAATC(0-30min) 229 20.5 242 174 21.1 16.7
{mgeh/dL) (8.37) (3.41) {11.8) (5.46) {3.53) {7.27)
BGAAUC(D-1h) 76.1 56.4 81.5 66.1 67.1 47.5
{mg+h/dL) 2L3) (29.9) 28.9) (26.0) {227 {18.5)
BGAATUC(D-2h) 185 125 222 162* 146 113
{mg+h/dL) TL1) (99.5) ({76.5) (64.6) (76.1) (68.3)
BGAATUC(0-3h) 309 249" 381 277" 235¢ 192
{mg+h/dL) (131} (141} (134) (116) (121) (109)
BGAATC(0-4h) 3gQr 3904 529 4074 313¢ 277
{mg+h/dL) (1900 (180} (138) (165) (157) (149)
BGAATUC(0-5h) 4204 4934 651 537" 391¢ 372
{mg+h/dL) (233) (228) (238) (212) (196) (179
BGAAUC(2-5h) 2524 3444 430 376 238¢ 260
{mgh/dL) (17T} (138) (130) (170) (166) (149)

Abbrewiations: BGAAUC(D-30mm) = change from baseline glucose area under the concentration versus ime curve from hme zero to 30 minutes postmeal;
BGAAUC(D-1k) = change from baseline glucose area under the concentration versus time curve from time zero to 1 hour postmeal; BGAAUC{0-2h) = change
from baseline glucose area under the concentration versus fime curve from time zero to 2 hours postmeal; BGAAUC{0-3h) = change from baseline ghicose
area under the concentration versus time curve from time zero to 3 howrs postmeal; BGAAUC(0-4h) = change from baseline glucose area under the
concentration versus fime curve from fime zero to 4 howrs postmeal; BGAAUC{0-5h) = change from baseline ghicoze area under the concentration versus
time curve from time zero to 5 howrs postmeal; BGAAUC(2-3k) = change from baseline glucose area under the concentration versus time cwve from time 2
to 5 howrs postmeal; ABG )y, = change from basehine glucose at | how; ABGo, = change from baselme glucose at 2 howrs; ABGyay = mawinowm change from
baseline glucose value; M = number of patients; 5D = standard deviation.

=12

N=11.

N=13.

N=10.

o e o

Reference ID: 5050632



Table ITSA.7.8. Summary of Key Change from Baseline in Glucodynamic Parameters (Arithmetic Mean [Standard
Deviation]) Following Administration of Humalog and LY200014 in Children, Adolescents, and Adults
with Type 1 Diabetes (LOCF) - Part A

Arithmetic Mean (Standard Deviation)
Children Adelescents Adults

PK Parameters Humalog LY200014 Humnalog LY900014 Humaloz LY900014
N 12 12 13 13 14 14
Mean Daose (U7} 7.08 7.08 12.5 12.5 154 154
BGAATUC(0-30min) 19 20.5 24.2 174 21.1 16.7
(mg+h/dL) (£.37) {9.41) (11.8) (8.46) (5.53) (7.2T)
BGAATUC(0-1k) 76.1 364 81.5 66.1 67.1 47.5
{mg+h'dL) 21.3) (29.9) {(28.9) 26.0) (2271 (18.5)
BGAATC(0-2h) 185 125 2122 176 148 113
(mg+h/dL) 7LD (99.5) (76.5) (79.8) {76.1) (68.3)
BGAATUC(0-3h) 309 216 381 300 218 182
{mg+h'dL) (131} (178) (134) (135) (133) (105
BGAATC(0-4h) 415 308 529 438 285 7
(mg+h/dL) (200) (258) (188) (194) (186) (149)
BGAAUC(0-5h) 452 384 651 577 351 372
(mg+h/dL) (2700 (335 (238) {247 (2400 (179
BGAAUC(2-5h) 307 260 430 401 205 260
(mg+h/dL) (207) (24T (130 (187) (201) (149)

Abbreviations: BGAAUC(0-30mmn) = change from baseline glucose area under the concentration versus time curve from time zero to 30 ounutes postmeal;
BGAAUCD-1h) = change from baseline glucose area under the concentration versus tme curve from time zero to | hour postmeal; BGAAUC{0-2h) = change
from baseline glucese area under the concentration versus time cwve from time zero to 2 howrs postmeal; BGAAUC()-3h) = change from baseline ghicose
area under the concentration versus time curve from tine zero te 3 hours postmeal; BGAATUC(0-4h) = change from baseline glucose area under the
concentration versus fime cwve from time zero to 4 howrs postmeal; BGAATC(0-5h) = change from baselme glucese area under the concentration versus
time curve from time zero te 5 hours postmeal; BGAATUC(2-5h) = change from baseline glucose area under the concentration versus time cwve from time 2
to 5 howrs postmeal; ABGyy, = change from basehne glucose at 1 hour; ABGoy, = change from baseline glucose at 2 hours; ABGpgy = maximvum change from
basaline glucose valme; LOCF = last observation camad forward; N = number of patients; SD = standard deviation.

a N=12
Table ITSA.7.10. Statistical Analysis of the Glucodynamic Parameters for Study IBB-MC-ITSA - Part A (Last
Observation Carried Forward)
Parameter Treatment N | LS mean Difference 9545 CT for P-value ERatio of 95% CI for
in LS means the difference LS means the ratio
(LY9000L4 - {(Lower, Upper) (LY900014 : {Lower, Upper)
Humaloz) Humalog)
Age group: Children

IGlucose AATUCTD-30nuin} Humaloz 12 2277

kmg-k'dL) LY900014 12 20.68 -2.09 (-7.28.3.10) 0.4198 0.91 (0.69, 1.16)
IGlucose AATUC0-1h) Humalog 12 117

mg-h'dL) LY 300014 12 | 5764 -17.52 (-32.83,-2.21) | 0.0261 0.77 (0.55, 1.02)
[Glucese AAUC{0-2h) Humalog 12 | 180.6%

mg-h/dl) LY200014 12 | 13067 -50.02 (-95.24,-4.80) | 0.0311 0.72 (0.46, 1.00)
(Glucese AATC{0-3h) Humalog 12 | 30261

mg-h/dl} LY30014 12 | 22661 -75.99 (-154.17,2.19) | 0.0564 0.75 (D46, 1.03)
[olucose AATC{0-4h) Humalog 12 | 40590

mg-h/dL} LY900014 12 | 32281 -33.08 {-193.27.27.09) | 0.1348 0.8D (049 110
(Glucose AATIC{0-5h) Humalog 12 | 48138

fmg-kdL) LY200014 12 | 403.04 -78.34 (-220.97,64.29) | 0.2724 0.84 {0.49,1.21)
{olucose AAUC{2h-5h) Humalog 12 | 300.6%

mg-h/dl} LY%00014 12 | 27237 -28.32 (-136.21, 79.58) | 0.5975 0.91 (0.47, 1.42)

Age proup: Adolescents

(Glucose AAUC(0-30mim} Humalog 13 2416

mg-bh/dl) LY 300014 13 1751 665 (-11.62 -1.68) | 0.0101 0.72 (0.55,0.95)
(Glucese AATUC{D-1L) Humalog 13 31.08

mg-h/dl) LY200014 13 66.63 -14.45 (-22.11,021) 0.0532 0.82 (0.67, 0.98)
(Glucese AATIC(0-2h) Humalog 13 | 21983

fmg-h/dL) LYS00014 13 | 178.58 -41.25 (-84.56,2.05) 0.0612 0.81 (0.63, 0.9%)
[olucose AATIC(0-3h) Humalog 13 | 37748

mg-h/dl}) LY900014 13 | 30522 -T2.26 (-147.13. 260y | 0.0581 0.81 (0.64,0.5T)
IGlucose AATUC{0-4h) Humaloz 13 | 52477

mg-h/dl} LY200014 13 | 44525 -79.52 (-185.03,2598) | 0.1350 0.83 (0.70, 1.00)
[Flucese AATUC{0-5h) Humalog 13 | 64635

mg-h/dl} LY200014 13 | 58517 -61.38 (-197.96 7520) | 03678 0.91 (0.76, 1.05)

Reference ID: 5050632



Parameter Treatment N | L% mean Difference 9544 CI for P-value Eatio of 95% CI for
in LS means the difference LS means the ratio
(LY900014 - {Lower, Upper) (LY900014 : (Lower, Upper)
Humalosz) Humalog)

IGlucose AATC(2h-5h) Humalog 13 | 426,72

kmg-h/dL) LY30014 13 | 40660 -20.12 {-123.45 B3.207 | 0.6949 0.95 (0.79,1.13)
Age group: Adults

IGlucose AAUC(0-30min) Humaloz 14 21.06

mg-h/dL) LY300014 14 16.66 -4.40 (-9.18, 0.38) 0.0703 0.7% (0.57, 1.06)

IGlucose AATIC(0-1h) Humalog 14 6711

mg-h/idL) LY300014 14 | 4749 -19.62 (-33.73,-5.500) | 0.0078 0.71 (0.53, 0.93)

IGlucose AATIC(0-2h) Humalog 14 | 14554

mg-h/dL) LY300014 14 | 11254 -33.00 (-T4.68 B 69) 0.1171 0.77 (0.54 1.13)

IGlucose AATIC(0-3k) Humalog 14 | 217.88

fmg-h/dL) LY300014 14 | 19219 -25 69 (-97.76,46.38) | 04741 088 (0.61, 1.400

IGlucose AATIC(0-4k) Humalog 14 | 28452

mg-h/idl) LY300014 14 | 27727 -1.26 {-108.82, 9431} | 0.8355 0.97 (0.66,1.63)

IGlucose AATIC(0-5h) Humalog 14 | 35071

mg-hidl) LYS00014 14 | 37222 2151 {-109.98. 15299 | 0.7418 1.06 (0.72,1.82)

IGlucase AATIC(2h-5h) Humalog 14 | 20517

Kmg-h/dL) LY300014 14 | 25958 54.50 {-44.96, 153.97) | 0.2735 1.27 (0.81, 2.81)

Abbreviations: A = Change from Baselime; ATTC{0-30min) = Area under the concentration-vs time curve from time zero to 30 minutes postdeose; AUC(0-1k)=
Area under the concentration-vs fime curve from time zero to 1 hour postdose; AUC(D-2h) = Area under the concentration-vs time curve from time zero to 2
hours postdose; AUC(D-3k) = Area under the concentration-vs fime owve from time zero to 3 hours pestdose; AUC(0-4k) = Area under the concentration-vs
fime curve from hme zero to 4 hours postdosze; AUC{0-3h) = Area under the concentration-vs tme cwrve from fime zero to 5 hours postdose; AUC(2h-5h) =
Area under the concenfration-vs time cwrve from time 2 to 5 howrs postdese; CI = Confidence interval; LS = Least squares; N = Number of patients; & =
Change from Baseline;; LS = Least squares; N = Number of patients

Model: GD = Age Group + Pertod + Treatment + Sequence + Age Group*Treatment + Patient(Sequence) + Fandom Emror where Panent(Sequence) i= fitted az a
random effect

The CIs for the rafio were caleulated nsng the Fieller's theorem. P-value 15 for the test of the mean difference
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Table ITSA.7.11.

Summary of Key Change from Baseline in Glucodynamic
Parameters (Arithmetic Mean [Standard Deviation]) Following
Administration of Humalog and LY900014 in Children, Adolescents,
and Adults with Type 1 Diabetes (Excluding Data after Any
Treatment Intervention) - Part B

Arithmedc Mean (Standard Deviation)

Children Adolescents Adults
PR Parameters Humalos LY200014 Humalog LY200014 Humalog LY200014
N 10 10 13 13 12 12
Mean Dose (L) 7.04 7.05 12.6 12.6 14.7 14.7
ABGmar 176 171 181 191 136 133
(mg/dL}) (45.4) (31.4) (40.5) (40.3) (37.2) {39.5)
ABGIR 112 110 120 121 85.0 73.6
(mg/dL) {40.7) {41.8) {27.5) (39.3) (25.6) {29.0)
ABGan 120 135 141 = 143 77.5 66.5
{mg/dL) (73.4) {49.3) (34.8) (53.3) (54.T) {51.5)
BGAATUC(D-3min) 17.2 18.7 248 19.7 159 149
{mg+h'dL) {7.38) {11.6) (B.38) (3.11) (5.69) {5.70)
BGAAUC(0-1h) 641 63.6 80.5 743 56.8 524
(mg+h'dL} {20.4) (2943 {(19.7) (18.6) (14.4) ({16.7)
BGAAUC(0-2h) 175 188 206* 208 139 123
(mg+h'dL} {73.7) {70.6) (35.6) (60.0) (47.3) {36.6)
BGAAUC(D-3h) 248" 308 351+ 3459 221 1804
{mg+h'dL} (125} (99.7) (68.3) (78.3) (103} {96.1)
BGAAUC(0-4h) 359®% 435¢ 486 477 2T 2561
{mg+h'dL) (162} (142} (115) (99.9) (1443 {106}
BGAAUC(D-5h) 461" 508*® 509 5864 373+ 3454
(mgz+h'dL) (197) (174) (161} (128} (182) {125)
BGAATC(2-5h) 316" 336" 3944 386 245+ 2254
(mg+h'dL) (169 (125} (132) (99.2) (1359} (103}

Abbreviations: BGAATUC(D-3(man) = change from basehne glucose area under the concentration versus ime curve
from time zero to 30 minutes postmeal; BGAAUC(0-1h) = change from baselme glucose area under the
concenfration versus fime cwrve from tme zero to 1 hour postmeal; BGAAUC(D-2h) = change from basehne
glucose area under the concentration versus time curve from time zero to 2 hours pestmeal; BGAATUC(0-3h) =
change from bazelme glucose area under the concentration versus ime curve from tme zero to 3 hours postmeal;
BGAAUC(0-4k) = change from baseline glucose area under the concentration versus tme curve from time zero
to 4 hours postmeal; BGAAUC{0-5h) = change from bazeline ghicose area under the concentration versus tme
curve from time zero to 5 howrs postmeal; BGAATC(2-5h) = change from baseline glucose area under the
concentration versus fime curve from time 2 to 5 hours peostmeal; ABG |y = change from baseline glucose at 1
kour; ABGry, = change from baseline glucose at 2 hours; ABGp,, = maximum change from bazeline glucose
value; N = number of pahients; 50 = standard deviation.

aN=12.

bN=T.

cH=9

dN=10.

eN=8
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Table ITSA.T.12. Summary of Key Change from Baseline in Glucodynamic
Parameters (Arithmetic Mean [Standard Deviation]) Following
Administration of Humalog and LY300014 in Children, Adolescents,
and Adults with Type 1 Diabetes (LOCF) - Part B

Arithmede Mean (Standard Deviation)

Children Adolescents Adults
Pk Parameters Humaloz LY200014 Humalog LY900014 | Humalosz LY200014
N 10 10 13 13 12 12
Mean Dose (1) 7.04 7.05 12.6 12.6 14.7 14.7
BGAAUCD-30min) 172 18.7 248 19.7 159 149
(mgz+h'dL}) (738) (11.6) (8.38) {5:113 (5.69) (5.70)
BGAAUC(0-1h) 641 65.6 80.5 T4.3 56.8 524
(mgz+h'dL) (20.4) (29.4) (19.7) (15.6) (14.4) (16.7)
BGAAUC(0-2h) 175 188 211 208 139 123
(mz+h'dL} {73.7) (70.6) (39.8) (60.00 (47.3) (36.6)
BGAAUCD-3h) 308 331 359 359 221 186
(mg=h/'dL}) 141} (11%) (70.9 (89.6) {1033 (101}
BGAAUC{D-4h) 448 473 496 497 310 258
(mg+h'dL} (196} (168) (116} (1207 {170} (142}
BGAAUCD-5h) 582 602 514 614 401 343
(mg=h/dL} 234} (221) (163} (160} (235 194)
BGAAUC(2-5h) 407 414 402 406 262 220
(mg+h'dL} (203 {167 {1307} {1200 {201} (17T

Abbreviations: BGAATUC(D-30min) = change from baseline glucose area under the concentration versus fime curve
from time zero to 30 minutes postmeal; BGAATUC{-1h) = change from baselme glucose area under the
concentrztion versus time curve from tme zero to 1 hour postmeal; BGAAUC(0-2k) = change from baseline
ghicoze area under the concentration versus fime curve from time zero to 2 hours postmeal; BGAATUC(0-3h) =
change from baseline glucose area under the concentration versus fime curve from tme zero to 3 howrs postmeal;
BGAAUC(0-4h) = change from baseline glucose area under the concentration versus time cwrve from time zero
to 4 hours postmeal; BGAATIC{0-5h) = change from baseline ghucose area under the concentration versus ttme
curve from tme zero to 5 hours postmeal; BGAAUC(2-5h) = change from baseline glucose arez under the
concentration versus ime curve from time 2 to 5 hours postmeal; LOCFE = last observation camed forward; N =
pumber of patents; 5D = standard deviation
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Table ITSA.7.13.

Statistical Analysis of the Glucodynamic Parameters for Study IBB-MC-ITSA - Part B

Parameter Treatment| N (LS mean | Difference in LS meansz | 95% CIfor the | P-value | Ratio of LS means |95% CT for the ratie
(LY900014 - Humalog) difference (LY900014 : Humalog)| (Lower, Upper)
(Lower, Upper)
Are group: Children
IGlucose AATC0- [Humalog 10 17.24
0min) (mz-h/dl} Ly900014 | 10 | 18.76 1.52 {(-4.37, 7.42) 0.6020 1.09 (0.67, 158
[Zlucose AAUC(D-1h)  [Humalog 10 64.60
mg-h/dL} LY900014 | 10 68.58 3.98 {-11.20,19.17) | 0.5963 1.06 (0.77, 1.40)
IGlucose AAUC{D-2h)  [Humalog 10 | 177.60
mg-h'dL} LY900014 | 10 | 186.62 9.02 (-29.28,47.32) | 0.6338 1.05 (0.78, 1.4T)
[Zlucose AAUC(O-3h)  [Humalog 7 24746
mg-h/dl} LY900014 | 9 30560 58.14 (-8.59, 12487y | 0.0850 1.23 ({0.95, 1.62)
[olucose AAUC(O-4h) [Humalog 7 358.37
mg-h'dL) LY900014 | 8 42547 67.10 (-6.17.140.37) | 0.0710 1.18 (0.89, 1.52
IGlucose AAUC{D-3h) [Humalog 7 44777
mg-h/'dL} LYS00014 | 7 50646 58.69 (-35.75,153.14) | 0.2120 1.13 (0.80, 1.47)
[Glucose AAUC(2k-5h) [Humalog 7 306.15
mg-h/'dL) LY900014 | 7 33422 25.07 (-47.39, 103.52) [ 0.4504 1.09 (D.78, 1.4%)
WBGmax (mg/'dL) [Humalog 10 | 176.83
LY900014 | 10 | 169.68 -7.13 {-30.52, 16.25) | 0.5383 0.%6 (0.82,1.12)
IWBG1h (mg/dl) [Humalog 10 | 11328
LYS00014 | 10 | 10886 -4.42 (-24.41, 15.57) | 0.6553 0.%6 (0.76, 1.22)
IWBGIh (mg/dl) [Humalog 10 | 12206
LY900014 | 10 | 13331 11.25 {-19.69_42.18) | 04831 1.09 (0.81, 1.78)
Are sroup: Adolescents
(Glucose AATC0- Humalog 13 24.74
[}0miny (mg-h/dl) Lyooo014 | 13 | 1970 -5.04 (-10.18,0.11) | 0.0546 0.80 (064, 1.01)
IGlucose AAUC(D-1h) [Humaleg 13 80.25
mg-h/dL} LY900014 | 13 74.31 -5.54 {-19.19, 7.32) 0.3680 0.93 (0.78, 1.09)
[Glucose AAUC(0-2h)  [Humalog 12 | 20982
mg-h/'dL} LY900014 [ 13 | 208.72 -1.09 (-3552 3333 [ 09437 0.99 0382117
[Zlucose AAUC(O-3h)  [Humalog 12 | 35097
mg-h'dL) LYS00014 | 12 | 34520 -5.77 (-3796. 4643 | 08217 0.98 (086 1.12)
Parameter Treamment| N | LS mean | Difference in LS means | 95% CI for the | P-value | Rato of LS means | 95% CI for the rato
(LY300014 - Humalog) difference (LY900014 : Humalog)| (Lower, Upper)
(Lower, Upper)
[Flucose AAUC(0-4h) [Humalog 12 | 486.03
mg-h'dl) LYS00014 [ 13 | 476.83 -3.18 (-65.59. 4721 | 0.7399 0.98 (0.38. 110y
(Flucose AAUC(0-5h) [Humalog 12 | 599.22
mg-h/dl) LYS00014 | 12 | 58584 -13.38 (-85.33, 58.57) | 0.7047 0.98 (0.87, L.11)
[Flucose AATTC(2h-5h) [Humalog 12 | 39354
mg-h/dl} LYS00014 [ 12 | 38564 -1.90 {-65.38_49.58) | 0.7792 0.98 084 117
B Gmax (mg/dl) [Humalog 13 180.23
LY500014 [ 13 | 191 54 11.30 (-2.12, 31.71) 0.2678 1.06 (0.94. 121)
WBG1h (mz/dL) [Humalog 13 | 119.18
LYS00014 | 13 | 121.01 1.83 (-15.61, 19.28) | 0.8316 1.02 (0.86, 1.16)
WBG2h (mg/dL) [Humalog 12 | 146.67
LY900014 | 13 | 14814 1.46 {-26.41,29.34) | 0.9153 1.01 (0.78,1.27)
Apge group: Adules
[lucose AAUC(D- [Humalog 12 15.86
30min) (mgz-h'dl} LY900014 | 12 14.82 -1.05 (-6.42, 433 0.6543 0.93 (0.64, 1.38)
[Glucose AATTC(0-1h) [Humalog 12 56.35
mg-h/dl) LY900014 | 12 5247 -188 (-17.73, 9.96) 0.5715 093 {0.70, 1.23)
(Flucose AAUC(0-2h)  [Humalog 12 | 136.36
fmg-h/dL) LYS00014 [ 12 | 12482 -11.74 (-4667_23.18) | 0.4972 0.91 (0.67 119
(Flucose AAUC(0-3h) [Humalog 12 | 214.03
mg-h'dl) LY900014 | 10 | 186.78 -27.25 (-83.70_29.1%) | 0.3303 0.87 (0.61. 1.25)
(Zlucose AATUC(0-4h) [Humalog 9 275.05
mg-h/dl) LYS00014 | 10 | 257.56 -17.49 (-82.27,47.29) | 0.5831 0.94 (0.74, 1.15)
[Glucose AAUC(D-5h) [Humalog 9 360.79
mg-h/dl} LYS00014 | 10 | 34385 -16.94 (-99.56, 65.69) | 0.6765 0.95 (0.79,1.14)
[Glucose AATIC(2h-5h) Humalog 9 237.12
mg-hidl) LY500014 [ 10 | 22234 -14.88 (-30.89_51.14) | 0.6465 0.94 (0.71, 1.19)
B Gonax (mg/dL) [Humalog 12 | 13531
LY900014 [ 12 | 13474 -0.57 {-21.90,20.76) | 0.9568 1.00 (0.82. 1.19)
WBG1h (mg/dL) [Humalog 12 84.08
LYS00014 | 12 7448 -3.60 (-27.83, 8.63) 0.2910 0.89 (0.67, 1.14)
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Parameter Treatment| N | LS mean | Difference in LS meansz | 95% CI for the | P-value | Ratio of LS means |95% CI for the ratio
(LY900014 - Humalog) difference (LY900014 : Humalog)| (Lower, Upper)
(Lower, Upper)

WBG2h (mg/dL) Humalog 12 75.56

LYS00014 | 12 57.82 -1.74 (-35.95, 2047) 0.5791 0.50 (0.58.1.2%

Abbreviations: A = Change from Baseline; ATC{0-30min) = Area under the concentration-vs time curve from time zero to 30 munutes postdose; AUC(D-1k) =
Area under the concenfration-vs time curve from time zero to | hour postdose; AUC(D-2h) = Area under the concentration-vs time curve from time zevo to 2
bours postdose; AUC(0-3k) = Area under the concentration-vs time cwrve from time zero to 3 howrs postdose; AUC((-4k) = Area under the concentration-vs
fime curve from time zero to 4 hours postdose; AUC(0-5h) = Area under the concentration-vs ime curve from fime zero to 5 hours pestdose; AUC(2h-5h) =
Area under the concenfration-vs time curve from time 2 to 5 hours postdose; BGmax = maximum raw glucese value; BGlh = raw ghucoze at lhr; BG2h = mw
ghicose at 2hr CT = Confidence interval; LS = Least squares; N = Number of patients

Model: GD = Age Group + Pertod + Treatment + Sequence + Age Group*Treatment + Patient(Sequence) + Fandom Ervor where Patient{Sequence) 1= fited as a
random effect.

The CTs for the rafio were calculated nsing the Fieller's theorem. P-value 15 for the test of the mean diffsrence
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4.3 Pharmacometrics Review

4.3.1. Review Summary
Eli Lilly and Company submitted an efficacy supplement seeking regulatory approval of Lyumjev

(LYS00014, insulin lispro-aabc 100 units/mL) for expanding the indication to pediatric patients
with diabetes mellitus and adding continuous subcutaneous insulin infusion (CSll) as a condition
of use in the pediatric population. This submission includes new clinical data from Phase 1 study
I8B-MC-ITSA (ITSA) and Phase 3 study I8B-MC-ITSB (ITSB), and two
pharmacokinetic/pharmacodynamic (PK/PD) modeling and simulation reports (multiple daily
injection (MDI) pediatric/adult population PK/PD report and CSII pediatric/adult PK/PD
population report).

The applicant conducted Population PK (PopPK) analysis using data from Study ITSA to
characterize the observed serum insulin lispro following MDI or CSII of LY900014 or Humalog in
type 1 diabetes mellitus (T1DM) patients. In general, the applicant’s PopPK model appears
adequate to describe the observed serum insulin lispro profile in children, adolescents and adults
after optimization based on reviewer’s suggestions. Therefore, the final adult/pediatric PopPK
model is acceptable to simulate serum insulin lispro concentrations for Exposure-Response (E-R)
analyses for efficacy and safety measurements.

The applicant’s Integrated Glucose Insulin (1Gl) model developed for patients with TLDM
generally captured the mean trend of glucose dynamics following MDI and CSIl administration of
LY900014 and Humalog for children, adolescents and adults in Study ITSA after optimization
based on reviewer’s suggestions. This model was utilized to characterize the E-R relationship
between insulin lispro concentrations and postprandial glucose (PPG) lowering following SC
administration of either LY900014 or Humalog in pediatric patients with TIDM via MDI and CSl|
therapy.

Finally, PopPK and PK/PD models were used to predict the PK of insulin lispro and PPG response
following SC injection of either LY900014 or Humalog in pediatric patients with type 2 diabetes
mellitus (T2DM), and in TIDM patients given 20 minutes after the start of the meal. The results
showed that the model-predicted insulin lispro PK in children and adolescents with T2DM showed
an accelerated absorption and a reduction in the late insulin exposure with LY900014 compared
to Humalog as observed in adults with T2DM. When both insulins (LY900014 and Humalog) were
given prior to the start of the meal or 20 minutes after the start of the meal, the model-predicted
glucose profiles show a greater glucose-lowering effect with LY900014 than Humalog in children,
adolescents, and adults with T2DM. In addition, LY900014 and Humalog showed comparable
hypoglycemia risks (< 70 mg/dL and < 54 mg/dL) for all three age groups (children, adolescents,
and adults) via either MDI or CSlI therapy. Simulation showed that younger children (< 26 kg
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down to 4 years of age) did not have increased hypoglycemia risks as compared to older children
(> 26 kg).

In general, data from Study ITSA, PopPK and PK/PD analyses confirmed that the differences in the
time course of insulin lispro concentration for LY900014 and Humalog described the differences
in the observed PPG response in pediatric patients with T1D on MDI and CSlI therapy. In addition,
the PK/PD model confirmed that the same PK/PD relationship remained, independent of adult or
pediatric patients with TLDM or whether LYS00014 and Humalog was administered as MDI or CSlI
therapy. The PopPK and PK/PD analyses provided supporting evidence for extrapolating the
indication from prior to the start of the meal to 20 minutes after the start of the meal, and from
T1DM patients to T2DM patients in children, adolescents and adults.

4.3.2. Population PK and PD/PD Analysis
4.3.2.1. Population PK Analysis
4.3.2.1.1 Applicant’s Population PK Analysis

Objectives

The objectives of the applicant’s Population PK analysis were to

e characterize the pharmacokinetics (PK) of insulin lispro following subcutaneous (SC)
administration of either LY900014 or Humalog in pediatric patients with TLDM via MDI
therapy

e characterize the PK of insulin lispro following SC infusion of either LY900014 or Humalog in
pediatric patients with TIDM via CSII therapy

e predict the PK of insulin lispro following SC injection of either LY900014 or Humalog in
pediatric patients with T2DM

Data

The PopPK analyses were based on PK data from Study ITSA. For Part A for MDI therapy, the
NONMEN PK dataset included 1428 observed serum insulin lispro concentration data from 42
patients with TAIDM including 13 children (6 to <12 years), 14 adolescents (12 to <18 years), and
15 adults (18 to <65 years). For Part B for CSIl therapy, the NONMEN PK dataset contained 1296
observations from 37 participants, including 12 children, 13 adolescents and 12 adults. The study
design, study population, and timing of blood samples of Study ITSA are presented in Table 1.

Table 2. Subject Demographics (Median [Range]) and Other Baseline Characteristics in Part A
and Part B of Study ITSA

Part A
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Age range N Age Body weight Race Sex
(vears) (vears) (kg) N (%) N (%)
Male Female
6to <12 13 9 335 White 12 (92) 4(31) 9 (69)
(8-11) (25.1-49 8) Multiple 1 (8)
12 to <18 14 14 60.9 White 13 (93) 9 (64) 5(36)
(12-16) (45.2-84.9) Multiple 1 (7)
18 to <65 15 28 783 White 12 (80) 9 (60) 6 (40)
(18-58) (56.5-90.8) Asian 1 (7)
Black or African
American 1 (7)
Multiple 1 (7)
Part B
Age range N Age (yr) Body Weight Race Sex
(yr) (kg) N (%) N (%)
Male Female
6to<12 12 9 36.0 White 11 (92) 2(17) 10 (83)
(8-11) (25.641.5) Multiple 1 (8)
12 to <18 13 15 61.5 White 12 (92) 10 3
(12-17) (45.8-78.1) Multiple 1 (8) (77) (23)
18 to <65 12 27 73.2 White 10 (83) 5 7
(20-57) (55.6-88.1) Asian 2 (17) (42) (58)

Abbreviations: N=Number of subjects
Source: Applicant’s Population MDI and CSIl PK/PD reports. Table 7.5.

provides summary statistics of the baseline demographic covariates in the analysis datasets.

Table 1. Summary of Studies with PK Sampling Included in Population PK Analysis.

Protocol # &
Study Design

Dosage Regimen & Study Description

Number of
Subjects in PopPK
Analysis, Subject

Dose(s) [mg]
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ITSA

This was a multi-center, Phase 1,
randomised, 2-part, patient- and
investigator-blind, 2-period crossover study
in children (age 6 to <12 years), adolescents
(age 12 to <18 years), and adults (age 18 to
<65 years) with TIDM currently using an MDI
regimen (Part A) and CSIl pump (Part B).

PK sampling:

0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70,
90, 120, 150, 180, 240, 300, 360, and 420
minutes postdose.

Blood Glucose Sampling:

-30, -15, 0 (premeal), 10, 20, 30, 40, 50, 60,

70, 80, 90, 100, 110, 120, 135, 150, 165,

180, 195, 210, 225, 240, 300 minutes postmeal

Part A:
N=42

Subject: Patients
with T1DM

Part B:
N =37

Subject: Patients
with TIDM

0.2 U/kg LY900014
(final commercial
formulation)

0.2 U/kg Humalog
Part A:

MDI regimen

Part B:

CSll pump

* Source: Applicant’s Study ITSA report.

Table 2. Subject Demographics (Median [Range]) and Other Baseline Characteristics in Part A

and Part B of Study ITSA

Part A
Age range N Age Body weight Race Sex
(vears) (vears) (kg) N (%) N (%)
Male Female
6to <12 13 9 335 White 12 (92) 4(31) 9 (69)
(8-11) (25.1-49.8) Multiple 1 (8)
12 to <18 14 14 60.9 White 13 (93) 9 (64) 5(36)
(12-16) (45.2-84 9) Multiple 1 (7)
18 to <65 15 28 783 White 12 (80) 9 (60) 6 (40)
(18-58) (56.5-90 8) Asian 1 (7)
Black or African
American 1 (7)
Multiple 1 (7)
Part B
Age range N Age (yr) Body Weight Race Sex
o) (kg) N (%) N (%)
Male Female
610 <12 12 9 36.0 White 11 (92) 24017 10 (83)
(8-11) (25.641.5) Multiple 1 (8)
12 to <18 13 IS G5 White 12 (92) 10 3
(12-17) (45.8-78.1) Multiple 1 (8) (77) (23)
18 to <65 12 27 73.2 White 10 (83) 5 7
(20-57) (55.6-88.1) Asian 2 (17) (42) (58)

Abbreviations: N=Number of subjects

Reference ID: 5050632




Source: Applicant’s Population MDI and CSIl PK/PD reports. Table 7.5.

Methods

Nonlinear mixed effect modeling was conducted using NONMEM (version 7.4.2). The First-order
conditional estimation with interaction (FOCEI) method was used to estimate the model
parameters.

MDI PopPK model

e Final Adult Insulin Lispro Model

The PK of insulin lispro following administration of LY900014 and Humalog during MDI therapy for
adults was best described using a 3-compartment disposition model with linear elimination and
combined zero- and first-order absorption (Figure 1). This model was generally acceptable
according to the pharmacometrics review on LY900014 via SC or IV routes (refer to BLA 761109
Insulin lispro OCP review by Dr. Sista and Dr. Li darrts on 05/06/2020).

e Optimization of the Final Adult Insulin Lispro PopPK Model for Children, Adolescents, and
Adults with TIDM

The Applicant further optimized the final adult insulin lispro MDI PopPK model for children,
adolescents, and adults based on data from Study ITSA.

First, the differences between adult healthy subject’s estimates and those for the patients with
T1DM (children, adolescents, and adults) in Study ITSA were estimated for the previously
identified population covariates: SC bioavailability, zero-order duration of absorption, first-order
absorption rate, and central volume of distribution. Secondly, the difference between the first-
order absorption of LY900014 and Humalog was estimated. Lastly, the allometric scaling
coefficients for clearance and volume parameters were estimated.

Goodness-of-fit was evaluated using changes in the NONMEM objective function and simulation-
based diagnostics (VPCs) to evaluate the predictive performance of the model over the full-time
course of the PK profile.

CSll PopPK Model
e Adult Insulin Lispro CSIl Model Development

The same structural PK model developed for MDI therapy was applied to the CSII therapy, and
this PopPK has been reviewed previous and is considered acceptable (refer to BLA 761109 Insulin
lispro OCP supplement review by Dr. Samant and Liu darrts on 07/06/2021).

e Optimization of the Adult Insulin Lispro CSIl Model for Children, Adolescents, and Adults with

T1DM (Study ITSA)

PK parameters for SC bioavailability, zero-order duration of absorption, first-order absorption
rate, fraction absorbed via transit compartments, mean transit time, and central volume of
distribution were estimated for children, adolescents, and adults with TIDM via CSllI therapy in
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Study ITSA (Part B). The allometric scaling coefficients for clearance and volume parameters were
estimated.

Goodness-of-fit was evaluated using changes in the NONMEM objective function and simulation-
based diagnostics (VPCs) to evaluate the predictive performance of the model over the full-time
course of the PK profile.

Simulations

e Prediction of Insulin Lispro Concentrations Following LY900014 and Humalog in Children,
Adolescents and Adults with T2DM

PK of LYS900014 has not been studied in pediatric patients with T2DM in either Studies ITSA or
ITSB. Therefore, in order to understand the PK characteristics of insulin lispro following LY900014
and Humalog in pediatric T2DM patients, the PK model developed with Phase 1 data for children,
adolescents, and adults with TLDM was used to simulate the insulin lispro concentrations
following a SC injection of a 0.2 U/kg dose of either LY900014 or Humalog in children,
adolescents, and adults with T2DM following MDI therapy.

The population covariates for pediatric patients with T2DM were adjusted based on the final
adult PopPK model for healthy subjects, TAIDM and T2DM. Additionally, the allometric scaling
coefficients for clearance and volume parameters estimated in the optimized PK model for TIDM
children, adolescents, and adults were used in the simulation for children, adolescents, and adults
with T2DM.

Table 3. Differences between Healthy Subjects Versus Adult Patients with TLDM or T2DM

Median (95% CI) Change in PK

subjects and
patients with
T1DM or T2DM

Covariate PK Attribute PK Parameters Parametersa
Differences Bioavailability | SC bioavailability relative to IV 22% (17% — 30%) lower in T1IDM
between healthy LY900014 m HS (BIO) compared to HS

Similar for T2DM and HS

Absorption rate

Rate of absorption via transit
compartment compared to HS (k)

118% (83% — 176%) faster in TIDM

74% (31% — 130%) faster in T2DM

Duration of zero-order absorption
compared to HS (DUR)

30% (15% — 52%) longer in TIDM

39% (26% — 73%) longer in T2DM

Volume of
distribution

Central volume of distribution for SC
administration compared to HS
(V2 8C)

31% (12% — 57%) increase in T1DM

93% (62% — 132%) mcrease in T2DM

Abbreviations: CI = confidence interval; HS = healthy subjects; IV = intravenous; PK = pharmacokinetics; SC =
subcutaneous; T1DM = type 1 diabetes mellitus; T2DM = type 2 diabetes mellitus.
3 Median and 95% CI based on bootstrap evaluation.

Source: Applicant’s population PK/PD report. Table 8.1.

Reviewer’s Comments:
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The proposed approach to simulate PK of insulin lispro in pediatric and adult patients are
acceptable. The acceptability of PopPK model and simulations are discussed in the following
sections.

Figure 1. Insulin Lispro IV and SC Structural PopPK Model following LYUMIJEV or Humalog
Administration

Source: Applicant’s population PK/PD report.

Results
Applicant’s Final Model

e Optimized Pediatric/Adult MDI PopPK Model

The parameter estimates for Applicant’s final MDI population PK model for pediatric and adult are
listed in Table 4. The Visual Predictive Check (VPC) plots for the final covariate model with all data
are shown in Figure 2.

Table 4. Parameter Estimates (RSE) and Median (95% Cl) for the Applicant’s Final MDI
Model for children, adolescents and adults with TAIDM
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Adult PK Model Study ITSA (Part A): Children, Adolescents, and Adults with
T1DM
Parameter Estimate % Estimate % Varia- Bootstrap
(%RSE) Variability (*oRSE) bility (N=400)
(»0RSE) ("aRSE) Median 95% CI
Clearance (CL) (L/h) e, 28.6 fix” w11 lS.SﬁJ.J’ =1 28.6 fix" [OTRE 15 Gﬁf’ 28.6 fix* 28.6 fix*
Central volume IV (V2_IV) (L) & 4.73 fix @22 6.25 fix" & 4.73 fix® @22 6.25 fix 4.73 fix® 4.73 fix®
Central volume SC (V2 SC) (L) =) 174 fix @55 43.0 fix® Sy 17.4 fix® @55 43.0 fix 17.4 fix® 17.4 fix
Intercompartmental clearance 1 [s]] 3.89 fix° Wg5 14.8 fix® ; 3.89 fix* g6 14.8 fix 3.89 fix* 3.89 fix*
Q@ @h)
Peripheral volume 1 (V3) (L) a, 1.49 fix W77 24.6 fix* e, 1.49 fix® w77 24.6 fix 1.49 fix® 1.49 fix
Fraction absorbed via transit =5 0.872 fixt W9 0 fix o5 0.872 fix [OFY 0 fix 0.872 fix* 0.872 fix*
compartments (FRs)
Mean transit time (MTT) (h) = 1.18 fix* @33 50 fixt = 1.18 fix® ©33 50 fix® 1.18 fix* 1.18 fix°
Duration of zero-order absorption | &; 0.239 fix* @44 42.2 fix° 7 0.239 fix* W44 422 fix* 0.239 fix* 0.239 fix*
(DUR) (h)
Bioavailability (BIO) & 0542 fi' | wgs 314 fix & 0.542 fix® @ss | 314fi | 0542 fi¢ | 0542 fix
First-order absorption rate constant | &y, 2.63 fix* ®10.10 78.7 fix* B 2.63 fix® ®10,10 78.7 fix* 2.63 fix* 2.63 fix*
(Ka) ()
Intercompartmental clearance 2 6n 1.73 fix® @111 ) 3T h =) 1.73 fix* ®11.11 12.5 fix? 1.73 fix® 123
(Q2) (L/h)
Peripheral volume 2 (V4) (L) . 2.0 fix" 1212 8.0 fix® 61 2.0 fix* ®12.12 8.0 fix” 2.0 fix° 2.0 fix*
Differences in Humalog® relative
to LY900014
Fraction absorbed via transit &1 0.14 fix® N/A e1 0.14 f® N/A 0.14 fix® 0.14 fix*
compartments
First-order absorption rate s -0.597 fix° N/A 61 -0.774 (7.8) N/A -0.772 -0.835-
constant (Ks) (b for Humalog -0.564
Differences in TIDM relative to
healthy subjects
Bioavailability for T1IDM S5 -0.222 fix* N/A 5 -0.39 (57) N/A -0.391 -0.436-
-0.351
First-order absorption rate = 1.15 fix* N/A 8y, 358(02) N/A 3.56 1.16-4 90
constant for TIDM (K,) (b')
Central volume SC for TIDM B 0.302 fixt N/A Oe | 0.179(16) N/A 0.171 0.025-
(@L) 0.373
Duration of zero-order =1 0.296 fix* N/A O 3.88(0) N/A 3.71 292-468
absorption TIDM (h)
Allometric coefficient for
bodyweight effect
Clearance 0.75 fix° N/A B3 0.553 N/A 0.567 0.411-
0.732
Central volume 1.0 fix* N/A [z 1.06 N/A 1.07 0.573-1.62
Proportional error (%) 511 34 (1.1) N/A 11 35(0) N/A 35 31-39
Cl = confidence interval; HV = healthy volunteers; IV = intravenous administration route; N
=number; %RSE = relative standard error of the estimate as a percentage; PK = pharmacokinetics; N/A
= not applicable; SC = subcutaneous administration route; TIDM = type 1 diabetes mellitus; T2DM
=type 2 diabetes mellitus.
2 Parameter values were fixed to the estimates from the IV model for LY900014.
® parameter values were fixed to the estimates from the IV+SC model for LY900014.
¢ Parameter values were fixed to the estimates from the Final Full IV+SC model for LY900014 and
Humalog.
Source: Applicant’s MDI population PK/PD report, Table 9.1.
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Figure 2. Visual predictive checks of the model predictions of serum insulin lispro
concentration following SC administration of a 0.2U/kg dose of LY900014 and Humalog via
MDI dosing in children, adolescents and adults with TIDM.
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Note: The blue circles represent observed data. The solid red line depicts median observed data, while pink
shaded area defines 95% confidence interval around the median of the simulated data. The dashed red lines
represent the observed 5th and 95t percentiles, while blue shaded areas represent simulated 95% confidence
interval of the same.

Source: Applicant’s PopPK/PD report. Figures 9.4 to 9.9

The Applicant concluded that the VPCs for LY900014 and Humalog in children, adolescents, and
adults following MDI dosing showed good agreement between the median of the observed and
the 95% Cl around the median of the simulated data.

The Applicant concluded based on the 95% prediction interval (95% Pl), the model also captured
the interindividual variability observed in Study ITSA. These simulation-based diagnostics
confirmed that estimating only the population differences was sufficient to describe both the
LY900014 and Humalog data in Study ITSA. The differences between LY900014 and Humalog as
estimated in adult subjects described the differences in pediatric patients with TIDM as well.
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e Optimized Pediatric/Adult CSIl PopPK Model

The parameter estimates for Applicant’s final CSIl PopPK model for pediatric and adult are listed

in Table 5.
Table 5. Pharmacokinetic Parameters for Insulin Lispro CSIl PopPK Model Following
Subcutaneous Infusion of LY900014
Adult CSII PK Model ITSA (Part B): Children, Adolescents, Adults
Parameter Estimate %% Bootstrap Estimate %o Bootstrap Bootstrap
(%RSE) Variability 95% CI (RSE) | Variability | Median 05% CI
(%RSE)® (*RSE)®
Clearance (CL) (L/h) e | 2864° | o 15762 | & N/A o | 286 fir® 157 fix® | 286 fix® N/A
4 - (V2 27
S e RO o (?5‘4) wss | 1469(10.0) | @ | 264.41 | @, | 151(0) | 1469 fin® 15.1 13.2 164
ﬁ“g)c‘(ﬁli;‘“mmm clearance | o | 3894c | oss | 1494 |6, | WA |e | 3890 | 1494 | 3894 N/A
Peripheral volume 1 (V3) (L) | e, | 1494¢ | e 250f¢ | o N/A 0. | 149f 250/ | 149 fic N/A
Inte artmental cl
5 é;;”;fm epiclearanee | o | 173 A | onn | 1258 |en | NA  |es| 173 1256 | L73fnd N/A
Peripheral volume 2 (V4) (L) | 1 2.0 fix® 1212 8.0 fix® 12 N/A a1 2.0 fix® 8.0 fix® 2.0 fix® N/A
Fraction absorbed via transit 0.859 0.826,
; : 5 ; 72 (4. 1/ 72 963, 0.
compartments (FRs) Sk (12) 099 71(156) | o ool 8; | 0972(4.1) 7.1 fi® 0.97 0.963, 0.980
Mean transit time (MTT) (h) | @5 | 207(4.5) | @ | 316(218) | o, | 19.226 | o | 1.67(24) | 3162 1.67 1.54. 1.80
Duration of zero-order . 5 2a . P - -
S ) e, | 249(13) | ou 71 fix e, | 239.263 | &, | 0548 (0) 7.1 fix 0.548 0.503. 0.594
Bioavailability prandial 0423 _ 0.402. -
sl {500) 6s 18) oz | 166(257) & | .0 |e | 0336(0) 16.6 /i 0.336 0323,0.348
First-order absorption rate constant (ka) (™)
LY900014 ITSC on Day 1 3.04 _ R
sS) O | gy |®wm| 759 (116) | & | 205,408 |60 | 3.7(0) 759/ 3.70 321 419
Humalog ITSC onDay 1(S5) | 6, | 1.79(9.8) | wis1s | 683(14.8) | e, | 13.238 [e.| 228(0.1) 6836 228 1.84.271
(E;QOOOH MEConDay 3 o | s5708 | oms | 2032 | 6| s190735 | &, N/A N/A N/A N/A
g;‘;mbg TR oy 6 | 3.09(62) | wwis | 398(31.6) | e | 246,38 |as N/A N/A N/A N/A
Adult CSII PK Model ITSA (Part B): Children, Adolescents, Adults
Parameter Estimate % Bootstrap Estimate %o Bootstrap Bootstrap
(“RSE) Variability 95% CI (%RSE) | Variability | Median 95% CI
(%RSE)® (%RSE)°
(;1;'}9 CRHERE o Dt | e || 39178) | s | 4710025 [ 5015531 ene N/A N/A N/A N/A
(ﬁ‘s";‘m“g LR Eonhay 6n | 229(61) | omm | 374(222) | 6n | 194271 | 6y N/A N/A N/A N/A
LY900014 ITRF on Day 3 19.1 " ; v ’ ;
o Ou | (ggq | Ona| 10308 ey | 123556 e, N/A N/A N/A N/A
g:;mmg LhEE o Ty 1 On | 407(69) | @nm | 380(223) | &, | 3.31.505 | & N/A N/A N/A N/A
Allometric coefficient for bodyweight effect
Clearance 0.75 fixt N/A 6 NA  |ex| 0629(0) N/A 0.629 0.583.0.674
Central volume 1.0 fix N/A B, N/A By 1.41(0) NIA 141 1.27,1.55
Proportional error (%) 511 | 249 (22)F N/A 511 | 234,276 249 fix® N/A 249 fix® N/A
Abbreviations: CSII = continuous subcutaneous insulin infusion; IV = intravenous; N/A = not
applicable; PK = pharmacokinetics; %RSE = relative standard error of the estimate as a percentage; RS
= rapid speed; SC = subcutaneous; SS = standard speed; TIDM = type 1 diabetes mellitus.
2 Pparameter values were fixed to the estimates from the IV model for LY900014.
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® parameter values were fixed to the adult pump PK model.

¢ Parameter values were fixed to the estimates from the Final Full IV+SC model for LY900014 and
Humalog.

Source: Applicant’s CSIl population PK/PD report, Table 9.1.

Figure 3. Visual predictive checks of the PopPK model predictions of serum insulin lispro
concentration following SC infusion of a 0.2 U/kg dose of LY900014 vis CSII infusion in
children, adolescents and adults with TIDM.
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Note: The blue circles represent observed data. The solid red line depicts median observed
data, while pink shaded area defines 95% confidence interval around the median of the
simulated data. The dashed red lines represent the observed 5th and 95" percentiles, while
blue shaded areas represent simulated 95% confidence interval of the same.

Source: Applicant’s PopPK/PD report. Figures 9.4 to 9.9
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4.3.2.1.2. Reviewer’s Comments for Applicant’s PopPK Analysis
Comment 1
The following comments (Comment 1) were sent to Applicant on 3/7/2022:

The VPC plots (Figure 2 and Figure 3) show that the developed PopPK models underpredict insulin
lispro concentrations in children during the initial 1 hour after SC administration for both Lyumjev
and Humalog. Since Lyumjev is a rapid-acting human insulin analog, accurately predicting insulin
lispro concentrations after dosing is critical to ensure that accurate insulin lispro exposure is used
in the IGI model. Therefore, an information request was sent to applicant recommend further
improving the PopPK model in children to support extrapolation analysis for LYS00014 postmeal
or via CSll therapy.

Applicant’s IR Response for the Above Comment 1 (received on 3/28/2022):
To further improve the MDI PopPK and PK/PD models for children, the Applicant further
optimized the model using only the children’s data in Part A of Study ITSA.

As the CSIl PopPK model are different from the MDI PopPK models, no further optimization of the
CSIl PopPK model was conducted for children as the VPC plots showed good agreement between
the median of the observed and the 95% Cl around the median of the simulated data.

o Further optimization of the PopPK Model for Children with T1D (Study ITSA)

The PK parameters for optimized insulin lispro MDI PopPK model based on reviewer’s suggestions
were summarized in Table 6. Model evaluation based on visual predictive checks plots are shown
in Figure 4.

Table 6. Pharmacokinetic Parameters for Final Optimized Insulin Lispro MDI PopPK Model
Following Subcutaneous Administration of LY900014 and Humalog in Children,
Adolescents, and Adults with T1D versus Children with T1D in Study ITSA
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Study ITSA (Part A): Children, Adolescents, and Study ITSA (Part A): Children with TID
Adults with T1D
Parameter Estimate Yo Estimate % Varia- Bootstrap
("RSE) Variahility(“%RSE) (“RSE) bility (N=400)
SE) Median 95% CI
Clearance (CL) (L/h) =) 28.6 fix” @11 15.6 fix* ] 28.6 fix* @11 15.6 fix® 28.6 fix* 28.6 fixt
Central volume TV & 4.73 fix @22 6.25 fix* &, 4.73 fix* @22 25 fo 4.73 fix* 4.73 fix*
V2 IV) (L)
Central volume SC a, 17.4 fix @53 43.0 fix* =% 17.4 fix< @55 43.0 fix* 17.4 fix 17.4 fix
(V2 _SC)(L)
Intercompartmental =N 3.89 fix g6 14.8 fix® 8, 3.89 fix* 5.6 14.8 fix* 3.89 fix* 3.89 fix®
clearance 1 (Q) (L/h)
Peripheral volume 1 (V3) e, 1.49 fix 01,1 24.6 fix* 8, 1.49 fix* @77 24.6 fix“ 1.49 fix 1.49 fix-
(L)
Fraction absorbed via =8 0.872 fix® o9 0 fix =} 0.872 fir® 0,9 0 fix 0.872 fix* | 0.872 fix‘
transit compartments
(FRg)
Mean transit time (MTT) B 1.18 fix® @33 50 fix* 6, 0.92 (0.8) ®33 44 0.893 (0.671-
(h) 1.13)
Duration of zero-order &; 0.239 fix* @ 42.2 fix* 8, 0.239 fix* a4 42.2 fix* 0.239 fixc | 0.239 fix"
absorption (DUR) (h)
Bioavailability (BIO) By 0.542 fix* gy 31.4 fix* [N 0.542 fix® g g 31.4 fix 0.542 fix® | 0.542 fix*
First-order absorption rate B 2.63 fix* @yo, 10 78.7 fix (= 2.63 fix* @010 TR.7 fixt 2.63 fix* 2.63 fix*
constant (Kg) (h'")
Intercompartmental en 1.73 fix* @y 12.5 fix® B 1.73 fix* SITRT] 12.5 fix® 1.73 fix* 1.73 fix<
clearance 2 (Q2) (L/h)
Peripheral volume 2 (V4) = 2.0 fix* @122 8.0 fix* 8, 2.0 fix* ©12,12 8.0 fix® 2.0 fix" 2.0 fix®
(L)
Differences in Humalog®
relative to LY900014
Study I'TSA (Part A): Children, Adolescents, and Study ITSA (Part A): Children with TID
Adults with T1D
Parameter Estimate Yo Estimate Bootstrap
Variability(%RSE) (*RSE) (N=400)
Median 95% C1
Fraction absorbed via S 0.14 fixt N/A = 0.14 fixt 0.14 fix 0.14 fix
transit compartments
First-order absorption = -0.774 (7.8) N/A She -0.80 (0) N/A -0.798 -0.863-
rate constant (K.) (h'') for -0.702
Humalog
Differences in T1D
relative to healthy subjects
Bioavailability for TID s -0.39 (57) N/A B -0.36 (1.8) N/A -0.364 -0.426-
-0.304
First-order absorption 21 3.58(0.2) N/A = 3.45(0.2) 45 3.30 1.92-4.73
rate constant for T1D (K.)
(h)
Central volume SC for Bhg 0.179 (1.6) N/A B 0.304 (0.3) 44 0.337 0.080-
TID (L) 0.843
Duration of zero-order Ehs 3.88(0) N/A By 4.13 () 62 3.52 2.08-4.54
absorption T1D (h)
Allometric coefficient for
bodyweight etfect
Clearance 0.553 NIA = 0.553/ix N/A N/A N/A
Central volume 1.06 N/A B2 1.06/ix N/A N/A N/A
Proportional error (%) By 35(0) N/A iy 31 (0) N/A 31 25-35
Abbreviations: Cl = confidence interval; HV = healthy volunteers; IV = intravenous
administration route; N =number; %RSE = relative standard error of the estimate as a
percentage; PK = pharmacokinetics; N/A = not applicable; SC = subcutaneous administration
route; T1D = type 1 diabetes mellitus
Note: Shaded rows indicated where optimized model has different estimates from the
pediatric and adult model.
& Parameter values were fixed to the estimates from the IV model for LYS00014.
b Parameter values were fixed to the estimates from the IV+SC model for LY900014.
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¢ Parameter values were fixed to the estimates from the Final Full IV+SC model for
LY900014 and Humalog.
Source: Applicant’s IR response dated 3/28/2022. Table 8.1

Figure 4. Visual predictive checks of the PopPK model predictions of serum insulin lispro
concentration following SC administration of a 0.2-U/kg dose of LY900014 and Humalog in
children with T1D via MDI.
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Source: Applicant’s IR response dated 3/28/2022. Figure 8.1 and Figure 8.2

The reviewer determined that the revised PopPK is considered acceptable.

4.3.2.1.3. Simulations using the final optimized PopPK model

Prediction of Insulin Lispro Concentrations Following LY900014 and Humalog via MDI
administration in Children, Adolescents, and Adults with T2DM

PK, efficacy and safety of LY900014 has not been studies in clinical trials in patients with T2DM. In
order to understand the PK characteristics of insulin lispro following LY900014 and Humalog in
pediatric T2DM patients, simulations were conducted to predict insulin lispro concentrations
following LYS00014 and Humalog via MDI administration in children, adolescents, and adults with
T2DM. The final optimized MDI PopPK model for TIDM patients for children, adolescents, and
adults were used for simulation, and population covariates difference between for TLDM and
T2DM patients were adjusted.

From the model simulation for T2DM patients, LY900014 showed an accelerated insulin lispro
absorption with a reduction in late insulin exposure compared to Humalog across all 3 age
groups. An accelerated insulin lispro absorption with LYS00014 was quantified by an earlier onset
of appearance and early 50% tmax, and an increase in the AUCo-15min, AUCo-30min, and AUCo.1n
compared to Humalog based on the central tendency of the model simulations.
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Figure 5. Model-predicted mean insulin lispro concentration versus time (top) and for the
first hour post dose (bottom) following SC injection via MDI of a 0.2 U/kg dose of either
LY900014 or Humalog in children (left), adolescents (middle), and adults (right) with T2DM.

Time post dose (h)

Time post dose (h)

Children Adolescents Adults
800 — LY9000 800
=] 800 ’
_— Humalc — LY900]014
= =3 —~ 1 Humalog
- " 2
gE o 52 600 gg 600 [
S 8 5 a 5 , /
= £ / g £c =3 ( /
2= 400 3.5 400-] 3.8 400 [/
£ 2 / \ £3 £s /
€% / X 5% €8 1/
s g 200 / 22 200 S ¢ 200/
S / \ = = 3
(v ) 1//
/ — 4 =
0 | R | R T 0 T T T 0 1
0 1 2 3 4 5 Q 1 2 3 4 5 0 2 3 4 5
Time post dose (h) Time post dose (h) Time post dose (h)
800 — 800 800
- o2 600 od A
- 0 — e — =
g2 600 22 é?g 600 ”
=2 28 - = a ~
S5 400 s 55 a0 o £s -
> .0 — s =) = / = P>
2% s 23 e Z S 400 P4
£ 5 5 5% 55 '
2 g 200 / S5 200- / < € 200- / LY90(
v} o 4 (w] /
1 // 5 g Humaj
e e 1 0 T T 1 0 ¥ s
0 02 04 06 08 1 0 02 04 06 08B 1 0 (02 04 06 08 1

Time pest dose (h)

Abbreviations: h = hour; SC = subcutaneous; T2D = type 2 diabetes mellitus.

Applicant’s IR response on 03/28/2022. Figure 9.2

Source: Applicant’s pediatric/adult MDI Population PK/PD reports. Figure 10.2.

4.3.2.2. PK/PD Analysis
4.3.2.2.1. Applicant’s PK/PD Analysis

Objectives
The objectives of the applicant’s PK/PD analyses were to:

characterize the exposure-response relationship between insulin lispro concentration and
postprandial glucose (PPG) lowering following SC administration of either LYS00014 or
Humalog in pediatric patients with TIDM following MDI or CSll therapy based on available
clinical data from ITSA study. The IGl model is used to explain the impact of accelerated
absorption for PK profiles of LYS00014 as compared to Humalog on postprandial glucose
profiles.

predict the PPG response following SC injection of either LY900014 or Humalog in pediatric
patients with T2DM in which T2DM patients were not studies in clinical trials.
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e characterize the PK/PD relationship between insulin lispro concentration and postprandial
glucose (PPG) lowering following SC infusion of either LY900014 or Humalog administered 20
min after start of a MMTT in pediatric patients with TLDM, in which post-meal scenario was
not studied in Study ITSA.

Methods
T1D PK/PD model

e Final Adult TIDM IGI model

The IGI model (published previously by Silber et al, J Clin Pharmacol. 2010 Mar; 50(3):246-56) is a
mechanistic PK/PD model that incorporates the effects of endogenous glucose and insulin as
follows:

o the stimulatory effect of insulin on glucose elimination

o the glucose absorbed into the body was calculated from carbohydrate contents in the meals.
In general, the adult IGI model (Figure 6) for patients with TLDM for insulin lispro is acceptable
(refer to BLA 761109 Insulin lispro OCP review by Dr. Sista and Dr. Li darrts on 05/06/2020).

Figure 6. PK/PD Adult/Pediatric TLDM IGI model
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Abbreviations: CL = insulin lispro clearance; CLG = insulin-independent glucose clearance; CLGI =
insulin-dependent glucose clearance; DUOKM = amount of glucose in the duodenum giving 50% of
maximum inhibition of gastric emptying; IGI = integrated insulin-glucose; KA = insulin lispro first-order
absorption rate constant; kDJ = rate constant for glucose movement from the duodenum to jejunum;
klJI = rate constant for glucose movement from the jejunum to ileum; kLE = rate constant for insulin
lispro effect compartment related to CLGI; KMGLU = amount of glucose giving 50% of maximum
absorption; KWpre = gastric emptying rate for premeal dosing; KWpost = gastric emptying rate for
meal for postmeal dosing; MMTT = mixed meal tolerance test; PD = pharmacodynamics; PK =
pharmacokinetics; Q = intercompartmental clearance between insulin lispro central compartment and
peripheral compartment 1; Q2 = intercompartmental clearance between insulin lispro central
compartment and peripheral compartment 2; QG = intercompartmental clearance between glucose
central and glucose peripheral compartments;; RAmax = maximum rate of absorption from the small
intestine; TLDM = type 1 diabetes mellitus.

Source: Applicant’s Population PK/PD MDI model. Figure 8.2.

e Optimization of the Final Adult TIDM IGI Model for Children, Adolescents, and Adults with
T1DM (Study ITSA)
Based on prior experience of modeling insulin lispro in adults with TIDM, the following
parameters relating to glucose absorption and insulin effect were estimated based on updated
data from Study ITSA:
o  KMegu (@amount of glucose giving 50% of maximum absorption)
o DUOkm (amount of glucose in the duodenum giving 50% of maximum inhibition of gastric
emptying)
KWoyre (gastric emptying rate for premeal dosing)
ECso (amount of insulin giving 50% of maximum inhibition of glucose production) and HILL
(shape parameter for insulin inhibition of glucose production)
o CLg(insulin-dependent glucose clearance)
All other parameter values, including interindividual and residual variability, were fixed to the
estimates in IGI TLDM adult model.

The fit of the final model to the data in pediatric patients with TIDM was evaluated using
simulation-based diagnostics (VPCs).

Simulations

e Prediction of Postprandial Glucose Concentrations Following LY900014 and Humalog When

Injected 20 minutes after the Start of a MMTT in Children, Adolescents, and Adults with TIDM
The optimized final PK/PD model was used to simulate glucose time course following MMTT
when LY900014 or Humalog was administered 20 minutes after the start of the meal. The
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simulations used the ITSA study population, MMTT content, and insulin dosing (0.2 U/kg) given 20
minutes after the start of the meal.

e Prediction of Postprandial Glucose Concentrations Following LY900014 and Humalog When

Injected Immediately before and 20 minutes after the Start of a MMTT in Children,
Adolescents, and Adults with T2DM
The adult T2DM PK/PD model was reviewed previously (refer to BLA 761109 Insulin lispro OCP
review by Dr. Sista and Dr. Li darrts on 05/06/2020).

The adult T2DM PK/PD model was adjusted for pediatrics and children based on the changes
made between the PK/PD model in adult patients with TIDM and the final optimized PK/PD
model for adults, children, and adolescents with TIDM in Study ITSA (pediatric/adult TLDM MDI
PK/PD model). After finalizing the pediatric/adult T2DM PK/PD model, glucose time course was
simulated following MMTT when either LY900014 or Humalog administered immediately prior or
20 minutes after the start of the meal. The simulations used the ITSA study population (children,
adolescents, and adults), MMTT content, and insulin dosing (0.2 U/kg) given immediately prior to
the meal or 20 minutes after the start of the meal as the condition.

Figure 7. PK/PD Adult/Pediatric T2DM IGI model.
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Abbreviations: CL = insulin lispro clearance; CLCPEP = C-peptide clearance; CLG =insulin-independent
glucose clearance; CLGI = insulin-dependent glucose clearance; CLI = endogenous insulin clearance;
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DUOKM = amount of glucose in the duodenum giving 50% of maximum inhibition of gastric emptying;
IGI = integrated insulinglucose; KA = insulin lispro absorption rate; kDJ = rate constant for glucose
movement from the duodenum to jejunum; kGE = rate constant for glucose effect compartment; kIE
= rate constant for endogenous insulin effect compartment; klJI = rate constant for glucose movement
from the jejunum to ileum; KLE1 = rate constant for insulin lispro effect compartment related to CLGI;
KLE2 = rate constant for insulin lispro effect compartment related to hepatic glucose production;
KMGLU = amount of glucose giving 50% of maximum absorption; KW = gastric emptying rate; MMTT =

absorption from the small intestine; T2DM = type 2 diabetes mellitus.

between glucose central and glucose peripheral compartments; RAmax = maximum rate of

mixed meal tolerance test; PD = pharmacodynamics; PK = pharmacokinetics; Q = clearance between
insulin lispro central compartment and peripheral compartment 1; Q2 = clearance between insulin
lispro central compartment and peripheral compartment 2; QG = intercompartmental clearance

Source: Applicant’s Population PK/PD MDI model. Figure 8.3.

Results

e Final Optimized T1IDM PK/PD Model for adults, adolescents and children.

Table 7. Parameter Estimates of the Optimized Integrated Glucose-Insulin Model for TIDM
patients (Study ITSA)
Model Adult TIDM ICT Base Study ITSA (Part A): Children, Adolescents, and Adults with
Model T1DM
Parameter Estmate mv Estimate IV (2%%CV) Bootstrap Bootstrap
(%RSE) (%aCY (%RSE) Median IV (% CV)
(95% CT)
Gastric empiving
Emptying rate predose (/min) (KWi..) On | 00458 | 135/ | 0.0207(76) 135 fix® 0.0200 135 fxe
(0.0086,
0.0308)
Emptying rate postdose {/min) (KWiee) 6= | (.167 fixt 133 fixe 0.167 fie 133 fix® 0.167 fixt 133 fixs
Ammmt of glucose n the duodemm giving 30% of | 8: [ 474 (13.3) 733 188 (8.3) 42 173 (147, 121) | 47 (22, 66)
maxinmmm inhibition of gastnc emptying (cg) (10.2)
(DUOxw)
Shape parameter for glucose mmhibrion (GAMMA) | & 14 fix® 7.1 fixd 14 fix 7.1 fix 14 fi® 71 fiv
Delay in enaptying for the meal (min) B | 0.0368 fixt 7.1 fid 0.0368 fix* 71 fix' 0.0368 fix* 7.1 fid
Glucose absorption
Mazximum rate of absorption from the duedemmm Bn | 3480 fix” 71 fir 3480 fix® 7.1 fix 3480 fior 7.1 fie'
(egh)
M rate of absorption from the jejumm S | 12400 fixe 7.1 fixd' 12400 fix® 7.1 fix' 12400 fix® 71 fie'
{cg'h)
Maxinwm rate of absorption from the ileum (cgh) | & | 7980 fix* 1.1 fix' TOB0 fix® 7.1 fix' 7980 fix 7.1 fiv'
Ammmt of gncese giving 50% of maxinmm G| 22008.7) | 7.1fx 127 (6.2) 7.1 fix' 112 (89.1, 7.1 fix’
absorption (eg) (KM 154)
First-pass effect on glucose 8 0.80 fix® 7.1 fixd 0.80 fix® 71 fixf 0.80 fix® 71 fix
Glucose disposition
Insulin-independent glucose clearance (L'h) S 1.80 fix 39.3 fix” 1.89 fixt 59.3 fix’ 1.89 fix* 393 fix!
Mazximmm msuhn-dependent glucose clearance 218 fix* 34.0 fixt 11.4 (200 T3 11.7 (753, 63 (23-104)
(L/h) Adult 15.0)
Maximmm isulin-dependent ghaicose clearance NA NA T42(22) 75 6.86 (3.84, 65 (25-104)
(L) 10.3)
Adolescents
Maximmm insulin-dependent ghicose clearance NA NA 2.32(24) 73 6.72 (270, 63 (23-104)
(L/h) 13.5
Children
Central volume of distrbution (L) e 9.33 fix* 7.1 fid 9.33 fix* 7.1 fix 933 fix" 7.1 fir'
Penpheral vohune of dismbution (1) & 8.36 fix* 1.1 fir' 8.56 fix’ 7.1 fix 8.56 fix" 7.1 fix'
Intercompartmental clearance (L'h) & 26.3 fix* 1.1 fix' 26.5 fix 1.1 fix' 26.3 fix" 7.1 fiv'
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Eate constant for glucose effect compartment (/) L 21 fix 7.1 fix' 21 fixe 7.1 fix 2.1 fic 1.1 fix'
(Eie)
Formation of endogenous glucose durmg themeal | 8. | 479 (14) 7.1 fix' 13427 11 fix’ 127(1.11, 11 fie'
peniod (mz) 145
Concentration of msulin lispro giving 50% of G| 338(94) 7.1 fix' 4428) 11 fix 233 (194, 200) 11 fie'
marimmm insulin-dependent ghicose clearance
(pmol/ml)
Shape parameter for insulin lispro Su| 186(104) | 7.1f 21320 7.1 fix’ 225(5.68, 1.1 fix'
409
Residual vaniability (%a) B (D 42(18) 42 (39. 45)

Abbreviations: Cl = confidence interval; CSIl = continuous subcutaneous insulin infusion; CV =
coefficient of variation; IGI = integrated insulin-glucose; IIV = interindividual variability; %RSE =
relative standard error of the estimate as a percentage; SAEM = stochastic approximation expectation
maximization; TIDM = type 1 diabetes mellitus.

& Fixed to value from Alskar et al. 2016.

Fixed to value from Hovorka et al. 2004.

¢ Fixed to value from Silber et al. 2010.

4 Fixed to value from Schneck et al. 2013.

Fixed to value from CSIl model (Lilly data on file).

Fixed to facilitate efficient operation of the SAEM algorithm.

&  Fixed to value from sensitivity analysis.

b.

e.

f.

Source: Population PK/PD MID modeling report.

Figure 8. Visual predictive check of the model predictions of glucose concentration during
the breakfast MMTT following administration of LY900014 or Humalog immediately prior
to the start of the meal in adults with TIDM using the final optimized PK/PD model (Study
ITSA).
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Abbreviations: MMTT = mixed meal tolerance test; TIDM = type 1 diabetes mellitus.

Note: The blue circles represent observed data. The solid red line depicts median observed data,
while pink shaded area defines 95% confidence interval around the median of the simulated data. The
dashed red lines represent the observed 5th and 95th percentiles, while blue shaded areas represent
simulated 95% confidence interval of the same. The solid black line represents the median of the
prediction interval, and the black dashed lines represent the lower and upper bounds of the 90%
prediction interval.

Source: Population PK/PD MID modeling report. Figures 9.12 t0 9.17.

4.3.2.2.2. Reviewer’s Comments for Applicant’s PK/PD Analysis
Comment 2

The following Comments (Comment 2) were sent to Applicant on 3/7/2022:

It is observed in the VPC plots (Figure 8) for the final type 1 PK/PD IGI model that the developed
model underpredicted the mean glucose concentrations following intervention in children.
Validated PopPK and PK/PD models in all age groups are fundamental for supporting
extrapolation analysis for LY900014 postmeal and/or via CSll therapy. Therefore, we recommend
the Applicant further improve the PK/PD models in children to support extrapolation analysis for
LY900014 postmeal or via CSll therapy.

Applicant’s IR Response for Comment 2 (received on 3/28/2022):
To further improve the MDI PK/PD models for children, the models were optimized using only the
children’s data in Part A of Study ITSA.

As the CSIl popPK and PK/PD models are different from the MDI popPK and PK/PD models, no
further optimization of the CSII PK and PK/PD models was conducted for children as the VPC plots
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showed good agreement between the median of the observed and the 95% Cl around the median
of the simulated data.

The optimized children Type 1 PK/PD model is summarized as below.

Table 8. Parameter Estimates of the Optimized Integrated Glucose-Insulin Model for TIDM
Children (ITSA)

Model Study ITSA (Part A): Children, Adolescents, Study ITSA (Part A): Children with T1D
and Adults with TID
Parameter Estimate v Bootstrap | Bootstrap Estimate mv Bootstrap Bootstrap
(%RSE) | (%CV) Median IV (95% (% RSE) (" CV) Median IV (95%
(95% CT) (8] (95% CI) [8)]
Gastric emptying
Emptying rate predose (/min) (KW.) B | 0.0207 135 fixe 0.0200 135 fixe 0.0154 135 fixe 0.0150 135 fixe
(7.6) (0.0086, (71.4) (D.0118,
0.0306) 0.0403)
Emptying rate postdose (/min) (KWpe) | B2 | 0.167 135 fi® | 0.167 fix® 135 fix® 0.167 fix* 135 fix® 0.167 fis® 135 fix®
Jixe
Amount of glucose in the duodenum B: | 188 (8.3) 42 173 (147, 47 (22, 66) 115 42fix 86.8 (48.3, 42fix
giving 50% of maximum inhibition of 221) (15.8) 134)
gastric emptying (cg) (DUOkwm)
Shape parameter for glucose inhibition B | 14 i 7.1 fir 14 fix" 7.1 fix 14 fie* 7.1 fix' 14 fix* 7.1 fix
(GAMMA)
Delay in emptying for the meal (min) S | 0.0368 7.1 fir 0.0368 7.1 fix' 0.0368 7.1 M1 0.0368 fix* 7.1 fix'
fix® fixe fix®
Glucose absorprion
Maximum rate of absorption from the B | 3480 fixe | 7.1 fid | 3480 five 7.1 fix' 3480 fix* 7.1 fix' 3480 fix 7.1 fix"
duodenum (cg'h)
Maximum rate of absorption from the E 12400 7.1 fid | 12400 fir® 7.1 fix 12400 fix* 71 i 12400 fix* 71 fid
jejunum (cg/h) fix®
Maximum rate of absorption from the 8is | 7980 fix* | 7.1 fif T9BO fix* 7.1 fix” TR0 fix* 7.1 fixf T80 fix* 7.1 fil
ileum (cg/h)
Amount of glucose giving 50% of B | 127(6.2) | 7.1fi¥ | 112(89.1, 7.1 fix" 554 7.1 fix' 37.5(23.1, 7.1 fix"
maximum absorption (eg) (KMgLu) 154) (16.9) 47.3)
First-pass effect on glucose & [ 0.80fix* [ 7.1 5 0.80 fix® 7.1 fix' 0.80 fix 7.1 fix' 0.80 fix® 7.1 fis
Glucose disposition
Insulin-independent glucose clearance B | 1RO fixc | 59307 | 189 fir 59.3 fixd 1.89 fixs 59.3 fix! 1.89 fixs 59.3 fixd
(L/h)
Maximum insulin-dependent glucose 11.4(20) D 11.7 65 (25, 104) NA NA NA NA
clearance (L/h) Adult (7.53,
15.0)
Maximum insulin-dependent glucose 7.42(22) 75 6.86 65 (25,104) NA NA NA NA
clearance (L/h) (3.84,
Model Study I'TSA (Part A): Children, Adolescents, Study ITSA (Part A): Children with T1D
and Adults with TID
Parameter Estimate nv Bootstrap | Bootstrap Estimate v Bootstrap Bootstrap
(%RSE) | (%CV) Median IV (95% (%% CV) Median 1TV (95%
(95% CI) cn (95% CI) (8 1]
Adolescents 10.3)
Maximum insulin-dependent glucose 8.32(24) 75 6.72 65 (25-104) 5,13 163 5.50(1.84, 173 (74.6-
clearance (L/h) (2.70, (49.3) 15.4) 307)
Children 13.5)
Central volume of distribution (L) ©. | 9.33 fixc | 7.1 fid 9.33 fix" 7.1 fix' 9.33 fix® 7.1 fix’ 9.33 fix® 7.1 fix’
Peripheral volume of distribution (L) B | 8.56fic | 7.1 8.56 fix 7.1 fir' 8.56 fix* 7.1 fid 8.56 fix" 7.1 fix
Intercompartmental clearance (L/h) 8 | 265/ | 7.1/ | 265 fix 7.1 fix 26.5 fix* 7.1 fi 26.5 fix 7.1 fix
Rate constant for glucose effect Bu | 21/ | 7.1 2.1 fix* 7.1 fix 2.1 fir* 7.1 fix 2.1 fix* 7.1 fixd
compartment (/h) (Kig)
Formation of endogenous glucose during | S | 1.34(27) | 7.1 fir 1.27 7.1 fix 0.558 7.1 fix 0.646 (0.441, 7.1 fix"
the meal period (mg) (Baseciu) LIl (12.2) 0.838)
1.45)
Concentration of insulin lispro giving O | 244 (2.8) | 7.14¢ | 233 (194, 7.1 fix" 244 fix 7.1 fix" 244 fix 7.1 fix'
50% of maximum insulin-dependent 290)
glucose clearance (pmol/L)
Shape parameter for insulin lispro 8 | 21.3(20) | 7.1 /0 22.5 7.1 fix 21.3 fix 7.1 fix 21.3 fix 7.1 fix
(5.68,
40.9)
Residual variability (%a) B | 42(1.8) 42 (39, 44 (3.6) 45 (40, 49)
45)

Abbreviations: Cl = confidence interval; CSll = continuous subcutaneous insulin infusion; CV = coefficient of
variation; IGI = integrated insulin-glucose; IV =interindividual variability; %RSE = relative standard error of the
estimate as a percentage; SAEM = stochastic approximation expectation maximization; T1D = type 1 diabetes
mellitus.

Note: Shaded rows indicated where optimized model has different estimates from the pediatric/adult model.
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& Fixed to value from Alskar et al. 2016.

Fixed to value from Hovorka et al. 2004.

¢ Fixed to value from Silber et al. 2010.

Fixed to value from Schneck et al. 2013.

& Fixed to value from CSIl model (Lilly data on file).

Fixed to facilitate efficient operation of the SAEM algorithm.
9 Fixed to value from sensitivity analysis.

Applicant’s IR response on 03/28/2022.

Model Evaluation

VPCs were performed on the optimized children Type 1 PK/PD model to confirm that the models
were able to correctly predict all data. The observed data were plotted on the normal scale
(mg/dL) and plotted against the time (hour) relative to the start of the meal.

Figure 9. Visual predictive check of the model predictions of glucose concentration during the
breakfast MMTT following administration of Humalog immediately prior to the start of the meal in
children with T1D for the base pediatric model (left) and optimized children model (right) (Study
ITSA).
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Abbreviations: MMTT = mixed meal tolerance test; T1D = type 1 diabetes mellitus.

Note: The blue circles represent observed data. The solid red line depicts median observed data, while
pink shaded area defines 95% confidence interval around the median of the simulated data. The
dashed red lines represent the observed 5th and 95th percentiles, while blue shaded areas represent
simulated 95% confidence interval of the same. The solid black line represents the median of the
prediction, and the black dashed lines represent the lower and upper bounds of the 90% prediction
interval.

Applicant’s IR response on 03/28/2022. Figure 8.5

The result of VPCs showed that the optimized final children population PK/PD model for TIDM
improved the fit by bringing the median model predictions closer to the median of the observed
glucose concentrations. Based on the model predicted 95% Cl of 5th and 95th percentiles of the
observed data, the model also captured the IIV observed in children in Study ITSA. Overall, the fit
of the glucose profiles was improved with the optimized children PK/PD model compared with
the pediatric and /adult PK/PD model. The reviewer determined that this optimized final children
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population PK/PD model for TLDM patients is acceptable for predicting treatment effect of
plasma glucose profiles and projection of hypoglycemia rate post LY900014 and Humalog dose.

Comment 3

The following Comments (Comment 3) were sent to Applicant on 3/7/2022:

Since the original PopPK model slightly overestimate the early insulin lispro exposures (within 1-
hour postdose) following dose, it is important to better understand impact of different early
insulin lispro exposures on the prediction of the PPG response in children with TLIDM. Therefore,
we recommend conducting a sensitivity analysis assessing the impact of different early insulin
lispro exposures (within 1-hour postdose) on the prediction of glucose in patients with TIDM in
children.

Figure 10. Model-simulated insulin lispro profiles versus time (left) and glucose
concentration versus time (right) during a breakfast MMTT following SC injection of a 7U
dose when insulin was given immediately prior the start of the meal in children with T1D
with the optimized PK and PK/PD children models with different insulin absorption rate
constants (Ka).
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Abbreviations: h = hour; Ka = absorption rate constant; MMTT = mixed meal tolerance test; PK =
pharmacokinetic; PK/PD = pharmacokinetic/pharmacodynamic; SC = subcutaneous; T1D = type 1
diabetes mellitus.

Source: Applicant’s IR Response for Comment 3 (received on 3/28/2022) .

Additional sensitivity analyses using the optimized children PopPK and PK/PD models were
conducted to assess the impact of different early insulin lispro exposures on the prediction of
glucose in children with TIDM. Population-level simulations were conducted where the first-
order Ka was adjusted within the PK model while keeping all of the other PK and PD parameters
fixed and maintaining a 7 U dose and a 30 kg body weight, reflective of the children population
from Study ITSA. The PPG response following a MMTT containing 60 grams of carbohydrates was
then simulated for the various PK profiles using the children PK/PD IGI model.
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The simulation results are shown in Figure 10. Reflective of the steep E-R relationship, the rate of
the insulin absorption impacts the glucose lowering. This is illustrated within the plots by relating
the timing of insulin lispro concentrations to the EC50 estimates from the PK/PD model. Once the
insulin lispro concentration reaches the EC50 concentration (gray line), glucose lowering is
observed. For example, the insulin absorption is the fastest with the 2x Ka (red line) and achieves
the EC50 first of these PK profiles. Correspondingly, the glucose plot shows that it has the earliest
glucose lowering response. Likewise, the slowest insulin absorption (-1.5x Ka), shown with the
green line, achieves the EC50 later, and also the highest PPG. Although there is a slight difference
in Cmax is observed between the 2x Ka (red line) and 1.5x Ka (black line), the PPG responses are
very similar. This suggests that small differences in the Cmax may not be as impactful on the PPG
response. Overall, this analysis suggested that slight overestimation in early insulin lispro
exposures (within 1-hour postdose) may have a minimal impact on the prediction of the PPG
response in children with TIDM.

4.3.2.2.3. Simulations using the final optimized PK/PD model

4.3.2.2.3.1. Population Prediction of Postprandial Glucose Concentrations Following
Injection of LY900014 and Humalog 20 minutes after the Start of a MMTT in Children,
Adolescents, and Adults with T1IDM

The optimized final PK/PD model for TLDM was used to simulate glucose time course following
MMTT when either LY900014 or Humalog was administered 20 minutes after the start of the
meal; this was not evaluated in Study ITSA. The simulations used the ITSA study population,
MMTT, and insulin dosing (0.2 U/kg) but given 20 minutes after the start of the meal.

The model predicted that the glucose excursion would be higher for both LY900014 and Humalog
when they are given 20 minutes after the start of the meal compared to when the insulin is dosed
immediately prior to the start of the meal. Importantly, when both insulins (LY900014 and
Humalog) are given 20 minutes after the start of the meal, LY900014 has a greater glucose
lowering than Humalog.

These observations align with the PPG response observed in clinical pharmacology study
conducted in adults with T2DM (ITRW) where postmeal dosing was assessed for both LY900014
and Humalog and is reflective of the absorption of carbohydrates prior to the onset of insulin
action.
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Figure 11. Model-predicted mean glucose concentration following SC injection of a 0.2 U/kg
dose of either LY900014 or Humalog 20 minutes post the start of the meal in children (left),
adolescents (middle), and adults (right) with TIDM.
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Abbreviations: h = hour; MMTT = mixed meal tolerance test; SC = subcutaneous; T2D = type 2 diabetes
mellitus.

Sources:
Applicant’s MDI PopPK/PD report. Figure 10.1
Applicant’s IR Response. Figure 9.1 (received on 3/28/2022).

4.3.2.2.3.2. Prediction of Postprandial Glucose Concentrations Following LY900014 and
Humalog in Children, Adolescents, and Adults with T2DM via MDI therapy

Similar to the PK predictions in children with T2DM, the adult T2DM PK/PD model was adjusted
based on the changes made between the PK/PD model in adult patients with T1D and the
optimized PK/PD model for children with TIDM. Model-based simulations showed that when
both insulins (LY900014 and Humalog) were given prior to the start of meal or 20 minutes after
the start of the meal, LY900014 had a greater glucose lowering effect than Humalog in children
with T2DM. Additionally, the model predicted that the glucose excursion would be higher for
both LYS00014 and Humalog when given 20 minutes after the start of the meal compared to
when LY900014 and Humalog are dosed immediately prior to the start of the meal. These
observations align with the PPG response observed in clinical pharmacology studies conducted in
adults with T2DM (Study -ITRW and Study I18B-FW-ITRH) where postmeal dosing was assessed for
both LY900014 and Humalog and is reflective of the absorption of carbohydrates prior to the
onset of insulin action.

Figure 12. Model-simulated change from baseline glucose concentration versus time from
breakfast MMTT following SC injection of a 0.2-U/kg dose of either LY900014 or Humalog

when insulins are given immediately prior (top) and 20 minutes after (bottom) the start of
the meal in children (left), adolescents (middle), and adults (right) with T2DM.
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Abbreviations: h = hour; SC = subcutaneous; T2D = type 2 diabetes mellitus.

Sources: Applicant’s MDI PopPK/PD report. Figure 10.2
Applicant’s IR Response. Figure 9.3 (received on 3/28/2022).

4.3.2.2.3.3. Exposure - Response Analysis for Safety

Since Study ITSA only enrolled subjects down to 8 years of age, the Agency would like to further

investigate the hypoglycemia risks for younger kids down to 2 years of age using a simulation

approach by PK/PD modeling.

Per the Agency’s request (7/21/2022), the Applicant used the final modified IGI models
developed for pediatric patients with TLDM and T2DM to perform simulations of the PPG
response for children down to 2 years of age. The incidence of hypoglycemia was tabulated with
BG <70 and BG <54 mg/dL at <0.5, <1, <2, <4, >1 to <2, >2 to <3, and >3 to <4, and >4 to <5 hours.

In addition, since the meal composition for younger kids is different than those of older kids,

adolescents, and adults. The Applicant performed sensitivity analysis to evaluate the impact of

different levels of carbohydrate intake on the prediction of incidences of hypoglycemia in
pediatric patients with TLDM and T2DM.

4.3.2.2.3.3.1. Applicant’s Analysis and Response
Simulation Approach to Assess Hypoglycemia Risk for Children Down to 2 years of Age

Method
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Simulations were performed using virtual patients reflective of the ITSB Phase 3 children
population (body weight, insulin dose, premeal glucose) with an age range of 4 to 11 years at
fixed dose level of 10 U. A dataset of 2000 virtual patients was created by randomly selecting the
baseline body weight, baseline BG concentration, and individualized insulin lispro dose (LY900014
or Humalog) from the Study ITSB children distribution. To preserve the possible correlation
between baseline body weight, baseline BG concentration, and individualized insulin lispro dose
(LYS00014 or Humalog), all 3 values were randomly selected together as a set of conditions
representative of the study population.

Simulated conditions:
1) The PPG response following the MMTT containing 50 g of carbohydrate, representative of 1
can of Ensure® Plus, was simulated.

2) The PPG response following a MMTT containing lower amounts of carbohydrate of 35 g of
carbohydrates

3) The PPG response following a MMTT containing lower amounts of carbohydrate of 15 g of
carbohydrates

To enable the comparison of LY900014 and Humalog, the conditions for the simulations were
similar. The incidence of hypoglycemia, defined by BG <70 or BG <54 mg/dL at 0.5, <1, €2, <4, >1
to €2, >2 to £3, >3 to <4, and >4 to <5 hours following administration of LY900014 or Humalog in
patients given different amounts of carbohydrates in the MMTT, was calculated and the
simulation was repeated 1000 times with a different set of 300 sampled virtual patients each time
to reflect the number of patients within each treatment arm of the Phase 3 Study ITSB. To mirror
the clinical study where postprandial hypoglycemia events were treated, in each virtual patient
only the first occurrence of BG <70 or BG <54 mg/dL was counted in the summary of the
simulations.

Results
TiDM

The model-predicted PPG over time profile associated with the MMTT containing 50, 35, or 15 g
of carbohydrates with LY900014 or Humalog administered prior to the start of the meal is shown
in Figure 13. Model-predicted glucose time course in children with TIDM following an MMTT
containing 50 g (left column), 35 g (middle column), or 15 g (right column) of carbohydrate and
LY900014 or Humalog given immediately before the start of the meal.. The simulations
incorporated the same insulin dose amounts and showed that the median and range of PPG
decreased as the carbohydrate amount in MMTT decreased from 50 to 15 g for both LYS900014
and Humalog. The LY900014 treatment consistently showed a lower glucose excursion compared
to Humalog and the between-treatment differences were generally similar across all simulated
carbohydrate amounts.

Reference ID: 5050632



Summaries of the number of simulated BG <70 or BG <54 mg/dL at 0.5, <1, €2, <4, >1 to <2, >2
to £3, >3 to <4, and >4 to <5 hours following administration of MMTT containing 50, 35, or 15 g of
carbohydrates in patients with TIDM given LY900014 or Humalog prior to the start of MMTT are
shown in Figure 14, Table 9, and Table 10.

A higher incidence of hypoglycemia was demonstrated in the simulations as the carbohydrate
amounts were reduced for the same insulin dose amount, as expected. The median number of
simulated BG or BG <54 mg/dL over the duration of the MMTT was predominantly higher with
LY900014 compared to Humalog; however, the range of simulated number of events for
LY900014 and Humalog overlaps for each timing and carbohydrate amount. The relative risk (RR)
and relative difference (RD) of LY900014 to Humalog were generally consistent across
carbohydrate amounts.

Simulations for Patients with Type 1 Diabetes Mellitus

Figure 13. Model-predicted glucose time course in children with TIDM following an MMTT
containing 50 g (left column), 35 g (middle column), or 15 g (right column) of carbohydrate
and LY900014 or Humalog given immediately before the start of the meal.

Abbreviations: |Gl = integrated glucose-insulin; MMTT = mixed meal tolerance test; Pl = prediction
interval; TIDM = type 1 diabetes mellitus. Note: The solid lines represent the median of the
simulation based on the TIDM IGI model and the shaded area denotes the 90% PI.

Source: Applicant’s IR response on 7/15/2022. Figure 5.1
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Figure 14. Model-predicted glucose <70 mg/dL (left column) or <54 mg/dL (right column) in
children with T1DM following an MMTT containing 50 g (top row), 35 g (middle row), or 15
g (bottom row) of carbohydrates and LY900014 or Humalog given immediately before the
meal.

SIMULATION: [l Humalog [l LY900014

<70mg/dL <54mg/dL
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3’ 4 49 78 98 W4 M4 29 3B 15 13 14 20 7 s s5 & T B 2 14 10 8

M 30 49 57 83 9 16 121 3] M 18 18 14 14 16 15 19 11 20 2 4 s8 74 @2 2B 32 15 13 13 M 14 13

wbog

Number of Simulation MMTT Events
wbge

wbg|

<0.5h <ih = <ih  »1h 10 <2h »2h o £3h »3h (0 <4h >4h (o <5h <0'5h <1 <2h <dh  »1h 10 <2h >2h 10 <3h >3h to <dh >4h (o <5h
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Abbreviations: MMTT = mixed meal tolerance test; TIDM = type 1 diabetes mellitus. Note: The
numbers below each bar along the x-axis are the median of the simulation and correspond to the
height of each bar. The error bar is the 97.5th percentile of the 1000 replicates.

Source: Applicant’s IR response on 7/15/2022. Figure 5.2

Table 9. Comparison of Model-Predicted Glucose <70 mg/dL in Children with TIDM Given
Either LY900014 or Humalog Prior to the Start of MMTT
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Number of glucose =70 mg/dL
Simulations of =0.5h =lh =2h =4 h =lto<2h =2to=3h =3to=4h =4to=5h
S0 e MMTT LY900014 31 49 72 86 23 T 6 5
(22 -42) (37 -62) (58 —87) (71 =101) (14-33) (3-13) 2-11) (1-10)
Humalog 33 43 70 89 2 12 6 8
(23 -44) (31— 55) (57-85) (75 -104) (18-37) (6-19) (2-11) (3-13)
RR 0.94 1.14 1.03 0.97 0.85 0.58 1.00 0.62
RD -2 6 2 -3 -4 -5 0 -3
35 ¢*MMTT LY%00014 41 59 93 114 is 11 9 14
(29 -52) (46 - 72) (78— 109) (98 —130) (24 -45) (5-18) (4-16) (8-21)
Humalog 39 49 78 104 29 15 10 11
(29 — 50) (37-61) (65 —94) (88 —120) (19 —40) (8-22) (5-17) (5-17)
RR 1.05 1.20 1.19 1.10 1.21 0.73 0.90 1.27
RD 2 10 15 10 6 -4 -1 3
15 ¢*MMTT LY900014 30 57 91 121 34 16 14 15
(19-41) (44-71) (76— 108) (106 — 139) (24 —46) (9-24) (7-22) (8-23)
Humalog 34 49 83 116 33 19 14 16
(24 -45) (37 -62) (68 —99) (101 = 133) (23-44) (12-28) (8-22) (9-24)
RR 0.88 1.16 1.10 1.04 1.03 0.84 1.00 0.94
RD -4 8 8 ] 1 -3 0 -1

Abbreviations: MMTT = mixed meal tolerance test; RD = relative difference calculated using Humalog
median number of events subtracted from LY900014 median nhumber of events; RR = relative ratio
calculated using LYS00014 median number of events divided by Humalog median number of events;
T1DM = type 1 diabetes mellitus.

2 Median (2.5th to 97.5th percentiles).

Source: Applicant’s IR response on 7/15/2022. Table 5.1

Table 10. Comparison of Model-Predicted Glucose <54 mg/dL in Children with TLDM Given
Either LY900014 or Humalog Prior to the Start of MMTT
Number of glucose =54 mg/dL
Simulations of =0.5h =lh <2 h =4 h >lto=1h =2to=3h =3to=4h >4to=5h
50 g*MMTT LY%00014 10 22 41 52 19 7 4 |
(5-16) (14 - 30) (30 —52) (39 —63) (11-27) (2-13) (1-7 (1-10)
Humalog 8 15 38 50 22 7 5 5
(3-15) (8 —23) (28 — 50) (38—63) (14-31) (3-13) (1-10) (1-10)
RR 1.25 147 1.08 1.04 0.86 1.00 0.80 1.00
RD 2 7 3 2 -3 0 -1 0
35 *MMTT LY900014 14 27 55 70 28 10 5 9
(8 —22) (18 —38) (42 —69) (55 —85) (19 - 38) (4—16) (1-9) (4-16)
Humalog 13 20 44 67 25 14 8 9
(6-21) (12-28) | (33-57) | (52-82) | (16-34 G- (3-15) (4-15)
RR 1.08 133 1.25 1.04 1.12 0.71 0.62 1.00
RD 1 7k 11 3 3 -4 -3 0
15 ¢*MMTT LY%00014 11 26 58 82 32 13 11 13
(5-18) (17-37) (46-73) (67 —99) (22-43) (6-20) (5-18) (7-20)
Humalog 10 20 45 74 25 15 13 14
(4 —16) (12 —29) (33— 58) (59 —88) (17-34) (8—-23) (7-20) (8-22)
RR 1.10 1.30 1.29 1.11 1.28 0.87 0.85 0.93
RD 1 6 13 3 7 -2 -2 -1
Abbreviations: MMTT = mixed meal tolerance test; RD = relative difference calculated using Humalog
median number of events subtracted from LY900014 median number of events; RR = relative ratio
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calculated using LYS00014 median number of events divided by Humalog median number of events;
T2DM = type 2 diabetes mellitus.

2 Median (2.5th to 97.5th percentiles).

Source: Applicant’s IR response on 7/15/2022. Table 5.2

T2DM

The distribution of model-predicted PPG over time for children with T2DM given an MMTT
containing 1) 50 g, 2) 35 g, or 3) 15 g of carbohydrates with LY900014 or Humalog administered
prior to the start of the meal is shown in Figure 15. The simulations incorporated the same insulin
dose amounts and showed that the median and range of PPG decreased as the carbohydrate
amount in MMTT decreased from 50 to 15 g for both LY900014 and Humalog treatment given
prior to the start of the meal. The LY900014 treatment group showed a lower glucose excursion
compared to Humalog across all simulated carbohydrate amounts.

Summaries of the number of simulated BG <70 or BG <54 mg/dL at 0.5, <1, <2, <4, >1 to <2, >2
to <3, >3 to <4, and >4 to <5 hours following administration of MMTT containing 50, 35, or 15 g of
carbohydrates in children with T2DM given LY900014 or Humalog prior to the start of the MMTT
are shown in Figure 16, Table 11, and Table 12.

A higher incidence of hypoglycemia was demonstrated in the simulations as the carbohydrate
amounts were reduced for the same insulin dose amount, as expected. The hypoglycemic events
were generally low for both LY900014 and Humalog in the simulation. The range of simulated
number of events for BG <70 or BG <54 mg/dL over the duration of the MMTT overlaps for each
timing and carbohydrate amount. The RR and RD of LY900014 and Humalog were generally
consistent across carbohydrate amounts.

Figure 15. Model-predicted glucose time course in children with T2DM following an MMTT
containing 50 g (left column), 35 g (middle column), or 15 g (right column) of carbohydrate
and LY900014 or Humalog given immediately before the start of the meal.
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= LYOD0014 == Humalog

2 k1
Time from mel (h)

Abbreviations: IGI = integrated glucose-insulin; MMTT = mixed meal tolerance test; Pl = prediction
interval; T2DM = type 2 diabetes mellitus. Note: The solid lines represent the median of the
simulation based on the T2DM IGI model and the shaded area denotes the 90% PI.

Source: Applicant’s IR response on 7/15/2022. Table 5.3

Figure 16. Model-predicted glucose <70 mg/dL (left column) or <54 mg/dL (right column) in children
with T2DM following the MMTT containing 50 g (top row), 35 g (middle row), or 15 g (bottom row)
of carbohydrates and LY900014 or Humalog given immediately before the meal
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Abbreviations: MMTT = mixed meal tolerance test; T2DM = type 2 diabetes mellitus.

Note: The numbers below each bar along the x-axis are the median of the simulation and correspond
to the height of each bar. The error bar is the 97.5th percentile of the 1000 replicates.

Source: Applicant’s IR response on 7/15/2022. Table 5.4

Table 11. Comparison of Model-Predicted Glucose <70 mg/dL in Children with T2DM Given
Either LY900014 or Humalog Prior to the Start of MMTT

Number of glucose =70 mg/dL
Simulations of =05h =lh =2h =4 h >lto=1h =2to=3h =3to=4h =4to=5h
S0 g MMTT LY900014 3 5 19 61 14 20 21 16
-7 (=11 (12-27) (48 —75) (7-21) (13-30) (13 -30) (10-25)
Humalog 4 6 16 63 10 23 23 18
(0-8) 2-11) 9-24) (30-77) 5-17) (14 -32) (15-34) (11-27)
RR 0.75 0.83 1.19 0.97 1.40 0.87 0.91 0.89
RD -1 -1 3 -2 4 -3 -2 -2
35 g MMTT LY%00014 4 7 27 89 20 34 28 22
-9 (2-13) (18-37) (74 — 105) (12 -28) (23-45) (19 —38) (13-31)
Humalog 5 7 23 84 16 32 28 26
(-1 (3-13) (15-33) (70 —101) (9-24) (23-43) (18 —38) (17-36)
RR 0.80 1.00 1.17 1.06 1.25 1.06 1.00 0.85
RD -1 0 4 5 4 2 1] -4
15 " MMTT LY%00014 5 12 53 148 41 56 39 22
(1-10) (6—20) (40-67) (130-167) (29 —53) (44 —-69) (28 — 50) (14-31)
Humalog 4 7 42 148 34 57, 50 31
-9 (3-13) (30—54) (132 - 165) (23 —46) 44-71) (39 —62) (21-42)
RR 1.25 1.71 1.26 1.00 I.21 0.98 0.78 0.71
RD 1 5 11 1] 7 -1 -11 -9

Abbreviations: MMTT = mixed meal tolerance test; RD = relative difference calculated using Humalog
median number of events subtracted from LY900014 median number of events; RR = relative ratio
calculated using LY900014 median number of events divided by Humalog median number of events;
T2DM = type 2 diabetes mellitus.
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? Median (2.5th to 97.5th percentiles).

Source: Applicant’s IR response on 7/15/2022. Table 5.3

Table 12. Comparison of Model-Predicted Glucose <54 mg/dL in Children with T2DM Given
Either LY900014 or Humalog Prior to the Start of MMTT

Number of glucose <54 mg/dL
Simulations of =0.5h =lh =2h =4h >lto=2h =2to=3h =3to=4h =4to=5h
S50 g*MMTT LY900014 0 1 7 30 7 11 12 8
-1 (0-3) (3-13) (21 -41) 2-12) (5-18) (6-19) (3-15)
Humalog 0 1 7 30 5 8 15 12
(0-2) (0-4) (2-13) (21 —41) (1-10) (3-14) (8-23) (6-19)
RR 0 1.00 1.00 1.00 1.40 1.38 0.80 0.67
RD 0 0 0 0 2 5 -3 -4
35 g* MMTT LY900014 1 2 10 45 8 17 JiF 13
(0-2) (0-6) (5-17) (33-58) (3-15) (10-25) (10 - 25) (7-20)
Humalog 0 1 10 45 9 15 19 15
0-3) (0—-4) 5-17) (34 - 58) 4-15) (8-23) (11-28) (9-23)
RR 1.00 2.00 1.00 1.00 0.89 1.13 0.89 0.87
RD 1 1 0 0 -1 2 -2 -2
15 ¢"MMTT LY900014 2 4 24 86 19 31 31 21
0-5) (1-8) (14 -33) (70-102) (11-28) (21 -42) (21 -42) (13-31)
Humalog 0 2 16 86 14 36 35 28
0-3) (0-35) (8-24) (72 -101) (7-21) (25-47) (24 - 45) (19 - 38)
RR 2.00 2.00 1.50 1.00 1.36 0.86 0.89 0.75
RD 2 2 8 0 5 -5 -4 -7

Abbreviations: MMTT = mixed meal tolerance test; RD = relative difference calculated using Humalog
median number of events subtracted from LY900014 median number of events; RR = relative ratio
calculated using LYS00014 median number of events divided by Humalog median number of events;
T2DM = type 2 diabetes mellitus.

2 Median (2.5th to 97.5th percentiles).

Source: Applicant’s IR response on 7/15/2022. Table 5.4
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Table 13. Comparison of Observed and Model-Predicted Relative Risk of Hypoglycemia
between LY900014 to Humalog in Children with TIDM
Owerall Observed Hypoglyeemia during 26-Week Treatment Period of Study ITSB
=54 mg/dL =70 mg/dL
Documented Hypoglycemia Observed pediatric data in ITSB RR 95% CI RR 95% CI
0.96 0.78-1.19 0.96 0.82-1.13
Observed Postmeal Hypoglycemia in Study ITSB and Simulated Postmeal Hypoglycemia by Time Interval
Time Interval =54 mg/dL =70 mg/dL
RR 95% Cl1 RR 95% CI
<1 hour Observed pediatric data in ITSB 1.28 0.86-1.92 1.29 0.88-1.90
Simulations with 50 g 1.47 0.41-2.69 1.14 0.71-1.64
Simulations with 35 g 1.35 0.55-2.37 1.20 0.79-1.64
Simulations with 15 g 1.30 0.55-2.24 1.16 0.77-1.58
=2 hours Observed pediatric data in ITSB 1.33 1.02-1.72 1.25 0.99-1.56
Simulations with 50 g 1.08 0.64-1.57 1.03 0.74-1.34
Simulations with 35 g 1.25 0.77-1.78 1.19 0.88-1.52
Simulations with 15 g 1.29 0.86-1.78 1.10 0.84-1.38
<4 hours Observed pediatric data in ITSB 1.09 0.87-1.36 1.03 0.86-1.24
Simulations with 50 g 1.04 0.67-1.41 0.97 0.73-1.22
Simulations with 35 g 1.04 0.72-1.40 1.10 0.86-1.35
Simulations with 15 g 1.11 0.83-1.43 1.04 0.86-1.23
=4 hours Observed pediatric data in ITSB 0.74 0.53-1.03 0.79 0.64-0.98
Simulations with 50 g 1.00 0.00-3.34 0.62 0.00-1.94
Simulations with 35 g 1.00 0.00-2.69 1.27 0.03-2.72
Simulations with 15 g 0.93 0.16-1.79 0.94 0.26-1.79
Abbreviations: Cl = confidence interval; RR = relative ratio calculated using LY900014 median number of
events divided by Humalog median number of events; TIDM = type 1 diabetes mellitus.
Source: Applicant’s IR response on 7/15/2022. Table 5.5

4.3.2.2.3.3.1. Reviewer’s Comments and Analysis
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Consistent with the observations in adults, the model-predicted glucose time course profiles
showed that LYS00014 has a greater glucose-lowering effect than Humalog in children with TIDM
or T2DM, independent of the carbohydrate amount in the MMTT. As expected, the model-
predicted glucose time course profiles showed that the risk of hypoglycemia increased for both
LY900014 and Humalog as the amount of carbohydrates within the MMTT decreased while
maintaining the same insulin dose.

A slightly greater number of hypoglycemic events was observed in the early postprandial period
while fewer occurred at the end of the postprandial period with LY900014 as compared to
Humalog, which aligns with the faster time-action profile of LY900014, as well as observations
from ITSB studies.

The Applicant’s analyses did not investigate impact of age/body weight on the hypoglycemia risks
for kids. Therefore, reviewer conducted additional analyses for subjects < 26 kg versus > 26 kg
subgroups for the body weight effects. The reason we use 26 kg as the cut-off is because
according to the CDC growth chart, 95% of children less than 26 kg are younger than 6 years of
age. In addition, the percentage of patients with hypoglycemia events within the time interval
was calculated and used as the y axis, allowing comparison across different body weight and age
subgroups.

Since the simulated population used a fixed dose of 10 U for all subjects, subjects with lower body
weight (< 26 kg, mean at 0.45 U/kg) had higher dose (Figure 17) than subjects with higher body
weight (> 26 kg, mean at 0.26 U/kg). The dose for lower body weight subgroup is also higher than
that tested in Study ITSA (0.2U/kg), therefore the simulation for hypoglycemia risks were more
conservative than the conditions in Study ITSA.

The resulted showed that model-predicted glucose time course in children with TIDM and T2DM
were similar between lower body weight group (< 26 kg) and higher body weight groups (> 26 kg)
among three MMTT conditions (Figure 18). Also, the model-predicted glucose time profiles are
similar between LY900014 and Humalog under these conditions (Figure 18).

For patients with TIDM, hypoglycemia risks (< 70 mg/dL or <54 mg/dL) was predicted to be
higher in patients with higher body weight (> 26 kg) than those with a lower body weight (<26
kg) among all three MITT conditions. While the hypoglycemia risks (< 70 mg/dL or <54 mg/dL)
were comparable between LY900014 and Humalog treatment groups.

Similarly, for patients with T2DM, hypoglycemia risks (< 70 mg/dL or <54 mg/dL) was predicted
to be higher in patients with higher body weight (> 26 kg) than those with a lower body weight (<
26 kg) among all three MITT conditions. While the hypoglycemia risks (< 70 mg/dL or <54 mg/dL)
were comparable between LY900014 and Humalog treatment groups.

Since the simulated dose was higher for younger children with lower body weight than those for
older children with higher body weight, this result suggests that the hypoglycemia risk for
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younger children with lower body weight is not likely to be higher than the older children with
higher body weight even at relatively higher dose.

Figure 17. Box plots of dose levels for the simulated population by body weight groups and
treatments.

Dose: Unite/kg

Source: reviewer’s analyses

Figure 18. Model-predicted glucose time course in children with TLDM and T2DM following an MMTT
containing 50 g (left column), 35 g (middle column), or 15 g (right column) of carbohydrate and
LY900014 or Humalog given immediately before the start of the meal by body weight groups (< 26 kg
versus > 26 kg).

TiDM
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T2DM
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Source: reviewer’s analyses

TiDM

Figure 19. Model-predicted glucose <70 mg/dL (left column) or <54 mg/dL (right column) in
children with TIDM following the MMTT containing 50 g (top row), 35 g (middle row), or 15 g
(bottom row) of carbohydrates and LY900014 or Humalog given immediately before the meal by
body weight groups (< 26 kg versus > 26 kg).
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Source: reviewer’s analyses.

T2DM

Figure 20. Model-predicted glucose <70 mg/dL (left column) or <54 mg/dL (right column) in children
with T2DM following the MMTT containing 50 g (top row), 35 g (middle row), or 15 g (bottom row)
of carbohydrates and LY900014 or Humalog given immediately before the meal by body weight
groups (< 26 kg versus > 26 kg).

<26 kg
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> 26 kg

Source: reviewer’s analyses.

4.3.3. Conclusions
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Based on the final optimized population PK model of insulin lispro and PK/PD model of the PPG
data following MMTT in children, adolescents, and adults with TLIDM on MDI and CSlII therapy,
the following objectives were addressed by the analyses:

e Characterize the PK of insulin lispro following SC injection of either LY900014 or Humalog in
pediatric patients with TIDM on MDI and CSll therapies (refer to Section 0)

o

The optimized adult/pediatric PopPK model for MDI and CSlII therapy could well described
the pharmacokinetic profiles of LY900014 and Humalog in children, adolescents and adults
with T1DM following MDI and CSII therapy in Study ITSA.

Body weight was included as a covariate on all clearance and volume parameters in the
final adult/pediatric PopPK model. Although body weight was a significant covariate,
adjustment of LY900014 dose should be based on the clinical response of the individual
and no dose adjustment is needed due to body weight, as with all other insulin products.
From the model simulation, LY900014 showed an accelerated insulin lispro absorption
with a reduction in late insulin exposure compared with Humalog across all 3 age groups
via either MDI or CSlI therapies.

e Predict the PK of insulin lispro following SC injection of either LY900014 or Humalog in

pediatric patients with T2DM (refer to Section 0)

o

The adult T2D PopPK model was adjusted based on the changes made between the adult
PopPK model in patients with T1D and the final optimized PK/PD model for adult, children,
and adolescents with T1D in Study ITSA.

The model-predicted insulin lispro PK profiles in children and adolescents with T2DM
showed an accelerated absorption and a reduction in the late insulin exposure with
LY900014 compared to Humalog as observed in adults with T2DM.

e Characterize the exposure-response relationship between insulin lispro concentration and

PPG lowering following SC injection of either LY900014 or Humalog in pediatric patients with
T1DM via MDI or CSll therapy (refer to Section 0)

o

The IGI model describing the relationship between the PPG and insulin lispro PK following
LY900014 and Humalog in adult/pediatric patients with T1D were optimized using ITSA
data.

The PK/PD model confirmed that the differences in the time course of insulin lispro
concentration for LY900014 and Humalog described the differences in the observed PPG
response in pediatric patients with T1D on MDI or CSll therapy.

The model confirmed that the same PK/PD relationship was maintained, independent of
study population (adult or pediatric) or whether LY900014 or Humalog was given as MDI
or CSll therapy.

e Predict the PPG response post-meal a test meal following SC injection of either LY900014 or

Humalog in pediatric patients with TLDM (refer to Section 0)

©)
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When both insulins (LY900014 and Humalog) were given prior to the start of the meal or
20 minutes after the start of the meal, the model-predicted glucose profiles show a



greater glucose-lowering effect with LY900014 than Humalog in children, adolescents, and
adults with T2DM.
e Predict the PPG response during a test meal following SC injection of either LYS900014 or

Humalog in pediatric patients with T2DM (refer to Section 0)

o When both insulins (LY900014 and Humalog) were given prior to the start of the meal or
20 minutes after the start of the meal, the model-predicted glucose profiles show a
greater glucose-lowering effect with LY900014 than Humalog in children, adolescents, and
adults with T2DM. There is not a higher hypoglycemia risk for LYS00014 as compared to
Humalog administered during a test meal following SC injection in patients with T2DM
across three age groups. Therefore, PK/PD simulations supported that administer
LY900014 in pediatric patients with T2DM is acceptable.

e Conducting simulations to prediction hypoglycemia risks down to 4 years of age (refer to

Section 0).

o Simulations were conducted in pediatric patients (4 to 12 years of age) with TIDM and
T2DM following a fixed dose of 10 U of LY900014 or Humalog administered prior to the
start of the meal based on different MMTT (50, 35, or 15 g of carbohydrate). The
percentage of subjects with reported hypoglycemia events (BG <70 or BG <54 mg/dL)
were tabulated at different time intervals (<0.5, <1, <2, <4, >1 to <2, >2 to <3, >3 to <4,
and >4 to <5 hours).

o The results showed that a higher incidence of hypoglycemia was demonstrated as the
carbohydrate amounts were reduced for the same insulin dose amount across different
age groups, as expected. The relative risk (RR) and relative difference (RD) of LY900014 to
Humalog were generally consistent across carbohydrate amounts.

o Younger children with body weight < 26 kg were shown to have less hypoglycemia risks as
compared to older children with body weight > 26 kg, although simulated at relatively
higher dose levels.

4.3.4. Listing of analyses codes and output files
PopPK models

File Name Description Location in \\cdsnas\pharmacometrics\

NONMEM dataset for

the final TIDM PK \\Cdsnas\pharmacometrics\Reviews\Ongoing PM
model for children, URLI_ITSA_v3.csv Reviews\Lyumjev_BLA 761109 XP\
adolescents, and adults Code\PopPK\Dataset\ITSA partA

via MDI therapy

NONMEM code for the

final TLDM PK model \\Cdsnas\pharmacometrics\Reviews\Ongoing PM
for children, adolescents, | run30.mod Reviews\Lyumjev_BLA 761109 XP\

and adults via MDI Code\PopPK\Dataset\ITSA partA

therapy
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NONMEM dataset for
the final TIDM PK
model for children,
adolescents, and adults
via CSlI therapy

URLI_ITSA_B v3.csv

\\Cdsnas\pharmacometrics\Reviews\Ongoing PM
Reviews\Lyumjev_BLA 761109 XP\
Code\PopPK\Dataset\ITSA partB

NONMEM code for the
final TADM PK model
for children, adolescents,
and adults via CSlI
therapy

run42.mod

\\Cdsnas\pharmacometrics\Reviews\Ongoing PM
Reviews\Lyumjev_BLA 761109_XP\
Code\PopPK\Dataset\ITSA partB

MDI: PK Simulation
Dataset for T2DM for
Study ITSA (Children,
Adolescents, and Adults)
Part A

URLI_ITSA_v3_T2.csv

\\Cdsnas\pharmacometrics\Reviews\Ongoing PM
Reviews\Lyumjev_BLA 761109 _XP\
Code\PopPK\Dataset\Simulation T2D

MDI: PK Simulation
NONMEM code for

\\Cdsnas\pharmacometrics\Reviews\Ongoing PM

T2DM for Study ITSA run200.mod Reviews\Lyumjev_BLA 761109 XP\
(Children, Adolescents, Code\PopPK\Dataset\Simulation T2D

and Adults) Part A

PK/PD models

File Name Description Location in \\cdsnas\pharmacometrics\

NONMEM dataset
for the final TLDM
IGI model for
children,
adolescents, and
adults via MDI

ITSA_PKPD_T1_vl.csv

Reviews\Lyumjev_BLA
761109_XP\Code\PKPD\ITSA partA

NONMEM code for
the final TIDM IGI
model for children,
adolescents, and
adults via MDI from
Study ITSA Part A

run45.mod

Reviews\Lyumjev_BLA
761109_XP\Code\PKPD\ITSA partA

NONMEM dataset
for the final TIDM
1GI model for
children,
adolescents, and
adults via CSII

ITSA_PKPD_B_v3.csv

Reviews\Lyumjev_BLA
761109_XP\Code\PKPD\ITSA partB

Reference ID: 5050632
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NONMEM code for
the final TIDM IGI

\\Cdsnas\pharmacometrics\Reviews\Ongoing PM

model for run46.mod Reviews\Lyumjev_BLA

adolescents and 761109 XP\Code\PKPD\MITSA partB

adults via CSII

MDI: IGI

Simulation Dataset

for T2DM for Study | ITSA PKPD T2 V \\Cdsnas\pharmacometrics\Reviews\Ongoing PM

ITSA (Children
Adolescents, and
Adults) prior to the
meal

1.csv

Reviews\Lyumjev_BLA
761109 XP\Code\PKPD\Simulation

MDI: IGI
Simulation
NONMEM code for
T2DM for Study
ITSA (Children
Adolescents, and
Adults) via MDI
therapy prior to the
meal

run8.mod

\\Cdsnas\pharmacometrics\Reviews\Ongoing PM
Reviews\Lyumjev_BLA
761109 XP\Code\PKPD\Simulation

MDI: IGI
Simulation Dataset
for T2DM for Study
ITSA (Adolescents,
and Adults) 20
minutes after the
meal

ITSA_PKPD_T2_V

1.csv

\\Cdsnas\pharmacometrics\Reviews\Ongoing PM
Reviews\Lyumjev_BLA
761109 XP\Code\PKPD\Simulation

MDI: IGI
Simulation
NONMEM code for
T2DM for Study
ITSA (Adolescents,
and Adults) via MDI
therapy 20 minutes
after the meal

run9.mod

\\Cdsnas\pharmacometrics\Reviews\Ongoing PM
Reviews\Lyumjev_BLA
761109 XP\Code\PKPD\Simulation

Simulation for Children down to 4 years of age with different body weight and
MMTT plans (15g, 359, or 50 g)

File Name

Description

Location in \\cdsnas\pharmacometrics\

Simulation TIDM
dataset for LY900014
and Humalog with
Carbohydrates=50g

simulation_id_36796.csv

\\Cdsnas\pharmacometrics\Reviews\Ongoing
PM Reviews\Lyumjev_BLA

761109 XP\Code\Simulation down to 4 years of
age\tldm
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Simulation TIDM
dataset for LY900014
and Humalog with
Carbohydrates=35¢

simulation_id_36831.csv

\\Cdsnas\pharmacometrics\Reviews\Ongoing
PM Reviews\Lyumjev_BLA

761109 XP\Code\Simulation down to 4 years of
age\tldm

Simulation TIDM
dataset for LY900014
and Humalog with
Carbohydrates=15g

simulation_id_36832.csv

\\Cdsnas\pharmacometrics\Reviews\Ongoing
PM Reviews\Lyumjev_BLA

761109 XP\Code\Simulation down to 4 years of
age\tldm

R script and .csv output
tabulating the
simulated
hypoglycemia events
for various scenarios
for children in Studies
ITSB and ITSA using
the updated children
integrated glucose-
insulin TLDM PK/PD
model.

muse-itsh-simulation-hypo-t1 r

muse_itsb_simulation_mmtt_trials-
1000_tl.csv

\\Cdsnas\pharmacometrics\Reviews\Ongoing
PM Reviews\Lyumjev_BLA

761109 XP\Code\Simulation down to 4 years of
age\tldm

R script for plotting the
bar plots of simulated
hypoglycemia events
under various scenarios
for children in Studies
ITSB and ITSA using
the updated children
integrated glucose-
insulin TLDM PK/PD
model.

muse-t1d-children-simulation-hypo-
plotting-final r

\\Cdsnas\pharmacometrics\Reviews\Ongoing
PM Reviews\Lyumjev_BLA
761109_XP\Code\Simulation down to 4 years of
age\tldm

Reviewer’s analyses
for tabulating and
plotting the simulated
hypoglycemia events
for various scenarios
for children (< 26 kg
versus > 26 kg) in
Studies ITSB and ITSA
using the updated
children integrated
glucose-insulin TADM
PK/PD model

muse-itsh-simulation-hypo-t1 r

muse-t1d-children-simulation-hypo-
plotting-final r

\\Cdsnas\pharmacometrics\Reviews\Ongoing
PM Reviews\Lyumjev_BLA
761109_XP\Code\Simulation down to 4 years of
age\Reviewer's analysis\tldm

Simulation T2DM
dataset for LY900014
with
carbohydrates=50g

simulation_id_36840.csv

\\Cdsnas\pharmacometrics\Reviews\Ongoing
PM Reviews\Lyumjev_BLA

761109 XP\Code\Simulation down to 4 years of
age\t2dm
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Simulation dataset for
Humalog with
Carbohydrates=50g

simulation_id_36841.csv

\\Cdsnas\pharmacometrics\Reviews\Ongoing
PM Reviews\Lyumjev_BLA

761109 XP\Code\Simulation down to 4 years of
age\t2dm

Simulation dataset for
LY900014 with
Carbohydrates=35¢

simulation_id_36842.csv

\\Cdsnas\pharmacometrics\Reviews\Ongoing
PM Reviews\Lyumjev_BLA

761109 XP\Code\Simulation down to 4 years of
age\t2dm

Simulation dataset for
Humalog with
Carbohydrates=35¢

simulation_id_36843.csv

\\Cdsnas\pharmacometrics\Reviews\Ongoing
PM Reviews\Lyumjev_BLA
761109_XP\Code\Simulation down to 4 years of
age\t2dm

Simulation dataset for
LY900014 with
Carbohydrates=15¢

simulation_id_36844.csv

\\Cdsnas\pharmacometrics\Reviews\Ongoing
PM Reviews\Lyumjev_BLA
761109_XP\Code\Simulation down to 4 years of
age\t2dm

Simulation dataset for
Humalog with
Carbohydrates=15g.

simulation_id_36845.csv

\\Cdsnas\pharmacometrics\Reviews\Ongoing
PM Reviews\Lyumjev_BLA
761109_XP\Code\Simulation down to 4 years of
age\t2dm

R script and .csv output
tabulating the
simulated
hypoglycemia events
for various scenarios
for children in Studies
ITSB and ITSA using
the updated children
integrated glucose-
insulin T2DM PK/PD
model.

muse-itsb-simulation-hypo-t2 r

muse-itsb-simulation-mmtt-trials-
1000-t2.csv

\\Cdsnas\pharmacometrics\Reviews\Ongoing
PM Reviews\Lyumjev_BLA
761109_XP\Code\Simulation down to 4 years of
age\t2dm

R script for plotting the
bar plots of simulated
hypoglycemia events
under various scenarios
for children in Studies
ITSB and ITSA using
the updated children
integrated glucose-
insulin T2DM PK/PD
model.

muse-t2d-children-simulation-hypo-
plotting.r

\\Cdsnas\pharmacometrics\Reviews\Ongoing
PM Reviews\Lyumjev_BLA

761109 XP\Code\Simulation down to 4 years of
age\t2dm

Reviewer’s analyses
for tabulating and
plotting the simulated
hypoglycemia events
for various scenarios

muse-itsh-simulation-hypo-t2 r

muse-t2d-children-simulation-hypo-
plotting.r

\\Cdsnas\pharmacometrics\Reviews\Ongoing
PM Reviews\Lyumjev_BLA

761109 XP\Code\Simulation down to 4 years of
age\Reviewer's analysis\t2dm
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for children (< 26 kg
versus > 26 kg) in
Studies ITSB and ITSA
using the updated
children integrated
glucose-insulin T2DM
PK/PD model
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