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Background Information:

The Division of Scientific Investigations (DSI) audited and issued the Form 483s to the
analytical and clinical sites of the following pivotal bioequivalence trial, IMP NN2211-
1692: “A Randomized, Double-Blind, Single-Center, Two-Period, Cross-Over Trial in
Healthy Subjects Investigating the Bioequivalence Between the Phase 3a Formulating of
Liraglutide (Formulation 4) and the Planned Phase 3b Formulation (Final Formulation
4)”. The response to analytical site deficiencies of the trial was found acceptable by both
Office of Clinical Pharmacology (see QBR Memo Dated 07/10/09) and DSI (See review
dated 08/31/09 in DAARTS) reviewers.

DSI Findings:

DSI mentioned in their review (dated 02/25/2009) that following the inspection of the
clinical site, Lund University Hospital, Lund, Sweden (January 26 - 29, 2009), a 2-item
Form 483 was issued. DSI reported their evaluation of the significant findings, reported
in form 483 and the clinical site’s response letter (February 18, 2009) to the deficiencies,
as follows:

“1) Failure of the clinical site to maintain the blinding code to identify that the study
formulations administered to the individual subjects followed the randomization code.
The site was unable to provide assurance that the individual test articles administered to
subjects or retained for reserve samples contained a specific formulation.

2) Source data were not signed and dated by the individual collecting the data. For
example; collection time points for the pharmacokinetic blood samples were not
attributable to either of the two study staff present at the time of collection, corrections to
the raw data in 3 of 4 occurrences were performed approximately 3 months after the date
of collection and cannot be verified, and those corrections were not performed by the
staff present during the collection.”



The Sponsor’s Response:

1) The firm’s response letter stated that the sealed codes were handled according to the
ICH GCP guideline, section 8.4.6. However, in DSI reviewer’s opinion this was not in
accordance with Agency’s Final Rule and mentioned that the “Guidance for Industry:
Handling and Retention of BA and BE Testing Samples” clearly addresses this issue. DSI
also noted that during the inspection, the sponsor emailed a document, which meant to
represent the blinding code, but this document was generated on 05/22/07, which is after
the conduct of the study. There was no assurance that this code was identical to that
provided to the site at the time of randomization for the trial. Therefore, this document
does not assure the identity of the drug products administered to subjects or the reserve
samples.

2) The firm’s response letter stated they agreed that the design of the Case Report Forms
(CRFs) used to capture the source data was not optimal, as it did not allow the staff
collecting the samples to date and sign the collection time. However, they had created a
schedule for blood collection time points and that the staff had been instructed to follow
that schedule. They stated that the investigator and research coordinator, who had not
performed the blood collection task, had evaluated and corrected the source data after
receiving a Date Correction Form (DCF) from the sponsor monitor. No corrective actions
were purposed by the firm for the significant observation.

Reviewer’s Comments and Conclusions:
Based on the review of the responses provided by the sponsor and DSI’s review, the
following were noted:

e The site’s handling of codes was in accordance to the ICH guidance document E6
item 8.4.6 that states that randomization codes should be retained by the Sponsor
after the study ends. However, the sponsor failed in appropriately directing the
site to ensure compliance with the FDA guidance and later did not provide
adequate responses to the DSI during inspection.

e Even though the randomization codes were not handled as per the FDA guidance,
this reviewer considers that site did demonstrate adherence to the ICH guidance
document E6: Good Clinical Practice item 8.4.6, and considers it to be rather a
procedural failure at the sponsor’s part. The trial results are acceptable based on
this fact and the totality of study results.

Recommendation:

The Office of Clinical Pharmacology/Division of Clinical Pharmacology-II (OCP/DCP-
II) has reviewed the results of the Division of Scientific Investigations (DSI) audit
conducted on a pivotal bioequivalence trial for NDA 22-341 (liraglutide) and found the
trial results to be acceptable.
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Subject Sponsor’s response to FDA letter (dated 04/17/09)
: requesting information on a summary of the pivotal
bioequivalence and other clinical pharmacology studies
including a by-study summary of the percentage of
duplicate values in the analytical standards.

Background Information:

In a letter dated March 5, 2009, the Agency requested Novo Nordisk (hereafter referred as
sponsor) for responses to deficiencies cited during the January 2009 analytical site inspections
conducted at The sponsor provided their response in
March 27, 2009 with revised clinical pharmacology assessments, which were incorporated in the
final QBR. However, in another letter dated 04/17/09 Agency asked the sponsor for further
clarification in this regard:

“In Agency's opinion, your approach of (1) accepting one of duplicate determinations when the
mean of the duplicates are outside +/-30% and %CV >30% and excluding single determination
that deviates most from the nominal value, and (2) exclusion of one of the duplicates for both
calibrators and QCs due to technical errors (reported after generation of resulls), is not
completely objective and may introduce bias. Please provide us your justification for using these
criteria.” '

Additionally, to evaluate the impact of this approach on the overall clinical pharmacology
program the following request was made:
- “We also request you to provide us a summary for the pivotal BE and other clinical
pharmacology studies, covered in the responses submitted on March 27th and March 30th, 2009,
and which should include the following:
(a) A by-study summary of the perceniage of duplicate values in the analytical standards
(Calibration and QC) as well as test samples that fall into above mentioned criteria (i.e.
where single values were reported instead of means) and the percent of analytical runs
affected.
(b) Listing of subject IDs for each study for which these criteria were used.”

b(4)



Current Submission: :

The sponsor provided their response in May 08, 2009 submission. The sponsor mentioned that ,
for the review of raw data, they prospectively decided to consistently adhere to the assay ﬁk&\
run acceptance criteria set by = _ at the time of sample analysis. In addition, they
supplemented the acceptance criteria with CV requirements for duplicate determinations,

in order to be able to reject single determinations objectively. All analytical runs not
meeting the criteria were rejected, unless a reason for the data evaluation was
documented in the raw data. Thus, the approach of accepting one of duplicate calibrator
determinations when the mean accuracy of the duplicates are outside +/-30% and CV

>30%, and excluding the single determination that deviated most from the nominal value

was adopted.

Further, the sponsor elaborated that “The rationale for keeping calibrator points as single
determinations, instead of excluding the calibrator level if the mean did not fulfill the

criteria, relates to the fact that the calibration curve has been split and validated in two .
parts in the liraglutide bioanalytical assay performed at ~————— . Thus, exclusion of b(4
central calibrator levels could affect the whole calibration curve. The rationale for

keeping the single determination that is closest to the nominal value is that this value

most likely will result in the best fit for the calibration curve.”

Sponsor also provided re-analysis results for the pivotal BE study analysis after excluding all
runs accepted based on single determinations of calibrators or QCs (20% runs; 18%
samples). The result of the updated analysis is presented in summary in Table 1.

Table 1-1 Comparison between Formulations (Final Formulation 4 / Formulation 4) —
Primary Endpoints — Trial 1692

RUC {1}

Based on the review of the responses provided by the sponsor, the following were noted:

o In this reviewer’s opinion, overall, the use of uniform criteria for data review is a b@:}
better approach over the inconsistent approach followed by the and
the revised analysis did not impact the interpretation of clinical pharmacology
studies.  (See the Clinical Pharmacology NDA review in DAARTS dated
04/24/09).

o [In this reviewer’s opinion, the justification in support of retaining single values is
not clear as to how the retention of central calibrator is related to the splitting of
standard curve during validation, when the context is the calibration standards
used during the analysis of study samples. If the objective of keeping a value




close to nominal value is to get the best fit for the calibration curve, then this
objective is not bias free. Though one can argue that this will not impact the back
calculation of unknown concentrations in test samples, one should not deviate
from the objective of calibration standards and QCs. The objective of calibration
standards and QCs is to capture the analytical performance of assay on any given
day using the known concentrations.

o This reviewer agrees with the conclusion that the results of the pivotal BE study
were not affected by the further exclusion of data based on single determinations
in the calibration/QC standards. For other clinical pharmacology studies 6-17%
of samples were affected by this issue and do not impact the interpretation of
results.

Recommendation:

Overall, from Clinical Pharmacology perspective, the sponsor still did not provide adequate
justification regarding the bias-free nature of the approach they followed in retaining single
determinations. However, we agree that the impact of this approach is minimal and does not
affect the interpretation of clinical pharmacology data. No further action is recommended with
respect to the data integrity issues.

Nevertheless, in future submissions, the sponsor is strongly advised to proactively undertake the
responsibility of providing the assurance of analytical data integrity. Since the analytical data
from one vendor supported the pivotal clinical pharmacology program in this submission, the
sponsor should have been considerate of the associated impact of the vendor’s performance on
quality of the data submitted for regulatory approval. This recommendation should be sent to the
sponsor as appropriate.
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1  Executive Summary

1.1  Recommendation

The Office of Clinical Pharmacology/Division of Clinical Pharmacology 2 (OCP/DCP-2) has
reviewed the clinical pharmacology data submitted in support of NDA 22-341 for liraglutide and
found it acceptable, pending an acceptable resolution of the deficiencies found in the Division of
Scientific Investigation with regards to the bio-analytical method.

Required Office Level OCP briefing was held on 25™ March, 2009. Attendees included Dr.
Chandrahas Sahajwalla, Dr. Isam Zineh, Dr. Kellie S Reynolds, Dr. Nam Atiqur Rahman, Dr.
Hae Young Ahn, Dr. Sally Y Choe, , Dr. Christoffer Tornoe, Dr. Rajanikanth Madabushi, Dr.
Partha Roy from Office of Clinical Pharmacology and Dr. Mary H Parks, Dr. Hylton Joffe from
Office of New Drugs.

1.2  Phase IV Commitments

None

1.3 Summary of Important Clinical Pharmacology Findings

Novo Nordisk is seeking an approval of Victoza™ (Liraglutide) for the indication of improving
glycemic control in patients with type 2 diabetes mellitus (T2DM). Liraglutide is intended as an
adjunct to diet and exercise to achieve glycaemic control in T2DM patients. Liraglutide is
developed for once-daily administration as:
e  Monotherapy
e Combination therapy with one or more oral antidiabetic drugs (metformin,
sulphonylureas or a thiazolidinedione) when previous therapy does not achieve adequate
glycaemic control.

Liraglutide is a human Glucagon-Like Peptide-1 (GLP-1) analog with 97% homology to human
GLP-1 that binds to and activates the GLP-1 receptor. The GLP-1 receptor is the target for native
GLP-1, which is an endogenous incretin hormone that potentiates the glucose-dependent insulin
secretion from the pancreatic beta cells. Unlike GLP-1, liraglutide has a pharmacokinetic and
pharmacodynamic profile in human suitable for once daily administration. Following
subcutaneous administration, the protracted action profile is based on three mechanisms: self-
association, which results in slow absorption, and binding to albumin and enzymatic stability
towards the DPP-1V enzyme both resulting in a long plasma half-life.

The liraglutide formulation is a clear, colorless solution (6 mg/mL) for subcutaneous injection,
provided in a multi-dose, disposable pre-filled pen. The proposed dosing regimen is that
liraglutide is administered once daily at any time, independent of meals, and can be injected
subcutaneously in the abdomen, in the thigh or in the upper arm. The injection site and timing can
be changed without dose adjustment. For all patients liraglutide should be initiated with a dose of
0.6 mg for at least one week, after which the dose should be increased to 1.2 mg. Based on
clinical response and after at least one week the dose can be increased to 1.8 mg to achieve
maximum efficacy. No dose adjustment is recommended by the sponsor either based on age,
race, body weight and body mass index, or for elderly subjects, subjects with renal impairment,
and subjects with hepatic impairment.
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Overall, the liraglutide clinical development program comprised 38 completed trials that were
conducted world-wide, with the majority being conducted in Europe. The therapeutic
confirmatory trial program investigated the benefits of liraglutide as a:

¢ monotherapy (Trial 1573)

e combination with metformin (Trial 1572)

e combination with an SU (glimepiride) (Trial 1436)

e combination with a TZD (rosiglitazone) and metformin (Trial 1574)

e combination with an SU (glimepiride) and metformin (Trial 1697)

The five long-term therapeutic confirmatory trials were all randomized, double-blind, double-
dummy (including liraglutide and/or OAD placebo) trials, providing long-term efficacy and
safety data.

The clinical pharmacology program performed to evaluate the pharmacokinetic and
pharmacodynamic properties of liraglutide included 26 clinical pharmacology trials. These
comprised 19 trials in healthy subjects (including bioequivalence trials, trials in elderly subjects,
subjects with renal or hepatic impairment and Japanese subjects) and 7 trials in subjects with type
2 diabetes (including one trial in Japanese subjects). The program was supported by evidence
from 5 phase 2 trials, a population pharmacokinetic analysis from the therapeutic confirmatory
Trial- 1573 and from 10 in vitro studies performed with human biomaterials, i.e. cells,
recombinant enzymes, plasma or plasma proteins.

The 14 week Phase 2 monotherapy trial evaluated effect of 0.65 mg, 1.25 mg, and 1.9 mg once
daily subcutaneous administration on lowering of fasting plasma glucose and glycosylated
hemoglobin (HbAlc), the primary surrogate efficacy endpoint for anti-diabetic treatment. The
Phase 2 exposure-response data demonstrated that the two doses, 1.25 mg and 1.9 mg, achieved
maximal reduction in HbAlc from baseline, and 0.65 mg appeared to be close to the ED50.
However, to improve the tolerability profile with regards to gastro-intestinal adverse events,
sponsor evaluated the three doses (0.6 mg, 1.2 mg and 1.8 mg) in the Phase 3 monotherapy trial
using titration with the 0.6 mg as the lowest starting dose. Overall, treatment with liraglutide (as
monotherapy as well as in combination treatment) resulted in a substantial and clinically relevant
lowering of HbAlc. Treatment with liraglutide consistently reduced HbAlc more than placebo
and to at least the same extent as comparator treatment. In most cases liraglutide treatment was
also superior to the glucose lowering effect of the comparator treatments. The estimated mean
decrease from baseline in HbAlc after treatment with liraglutide ranged from 0.60% points
(liraglutide 0.6 mg, Trial 1436) to 1.48% points (liraglutide 1.2 and 1.8 mg, Trial 1574). Please
refer to the clinical and pharmacometric reviews for more detail on liraglutide safety and efficacy.

Liraglutide is metabolized by DPP-IV (dipeptidyl peptidase-IV) and NEPs (neutral
endopeptidases) that are present ubiquitously in the body, and hence the elimination is not organ
specific. Primary component in the systemic circulation was unchanged peptide; liraglutide (89-
100%). In plasma two other components were detected that were slightly more lipophilic and
represented <9% and <5% (respectively) of the total exposure (2-24 h). No unchanged liraglutide
was detected in urine or feces. The three metabolites in urine were detected and accounted for
around 3% of the administered radioactivity. The three metabolites detected in feces comprised
3-5% of the administered radioactivity. The structure of these metabolites or peptide fragments is
not characterized. :

For the clinical pharmacology assessments, liraglutide was quantitated in plasma and other
biomatrices using ELISA assay. The liraglutide assay was validated for analyzing liraglutide in
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plasma and serum samples in terms of recovery, linearity, accuracy, precision and sensitivity.
The storage stability was demonstrated for a maximum period of two years with no decrease in
the measured liraglutide concentrations. Antibodies against GLP-1 were shown to interfere with
the ELISA assay. However, sponsor mentioned that only very few subjects in the phase 2 and 3
trials had GLP-1/liraglutide binding antibodies, and the antibody levels in these subjects were
low, suggesting that bias due to interference from antibodies is limited.

PK in healthy subjects and T2DM patients: The mean liraglutide apparent clearance was 0.7 L/hr
and apparent volume of distribution was 12.5 L after a single subcutaneous dose of 0.7 mg. The
maximum concentrations were achieved at 12 hr median t,, and liraglutide eliminated with a
half-life of 13 hr, thus suggesting that liraglutide follows a flip-flop pharmacokinetics after
subcutaneous administration. The dose-proportionality assessment revealed that the liraglutide
exposure increased in proportion to the increase in dose up to 20 pg/kg (equivalent to 1.8 mg
dose based on 90 kg median weight in Phase 3 trial). There was slight accumulation (R, of 1.4-
1.5) after multiple once daily subcutaneous administrations. On average the absolute
bioavailability of liraglutide is around 55% following subcutaneous administration.

Pharmacodynamics: The pharmacodynamic effects of liraglutide on glucodynamics were also
demonstrated. The liraglutide administration resulted in increased insulin secretion in response to
glucose. There was a significant reduction in post-prandial glucose over 24 hour period, slight
increase in post-prandial insulin and significant post-prandial glucagon suppression. There was
also a substantial increase in the first phase insulin secretion as assessed during a hyperglycemic
clamp.

QT/QTc: No significant QT prolongation effect of liraglutide (Once daily s.c. doses of 1.8 mg,
titrated in weekly steps of 0.6 mg) was detected in the thorough QT study. The largest upper
bounds of the 2-sided 90% CI for the mean difference between liraglutide (1.8 mg and 1.2 mg)
and placebo were below 10 ms (2.7 ms and 0.9 ms), the threshold for regulatory concern as
described in ICH E14 guidance.

Body weight, Age, BMI. Gender and Race: Liraglutide AUC,, was declared equivalent in young
and elderly subjects after a single 1 mg dose. There appeared to be a difference between male
and female subjects based on the time-concentration profiles and the corresponding derived
parameters. However, when adjusting for body weight there were no statistically significant
differences between male and female subjects in this study. The effect of various covariates e.g.
Weight, Age, BMI, Gender and Race was assessed in the population pharmacokinetic analysis.
Weight was found to be a significant predictor of CL/F of liraglutide. There was no effect of age
or BMI on liraglutide clearance. Based on the weight adjusted clearance, the females were found
to have 34% lower weight adjusted clearance than the males. However, after accounting for
Weight and Gender effects, the Race effect could not be ascertained as claimed by the sponsor.
Although both weight and gender were found to affect the clearance, the effect appears to be only
statistically important. Considering that steady state exposures (Cavg), resulting from 1.2 and 1.8
mg doses, were in the maximal response region of the exposure-relationship for primary efficacy
variable (HbA I¢c), these differences are not clinically meaningful to warrant a dose-adjustment.

Renal and Hepatic Impairment: No dose adjustment is proposed for renal and hepatic impairment
subjects. Overall on average, the AUC,., of liraglutide was around 19 - 35% lower in the renally
impaired subjects than the normal subjects. Total apparent clearance (CL/F) varied slightly
across the renal groups; however, no trend with respect to renal function was seen. However,
severe hepatic impairment has an impact on the liraglutide pharmacokinetics in terms of around
two-fold increase in clearance and 42% lower mean AUC,, of liraglutide. The exposure-
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response relationship seen in the efficacy studies suggest that the proposed doses are adequate in
the type 2 diabetic subjects who also have severe hepatic impairment.

Relative Bioavailablity from Different Injection Sites: The relative bioavailability of liraglutide
after subcutaneous administration was estimated as 78% in thigh versus abdomen, 87% in upper
arm versus abdomen and 110% in upper arm versus thigh based on primary parameter AUCy... as
well as C,,.x and AUC,,. There was no effect on tmax. Even if thigh showed consistently lower
exposures of liraglutide, the magnitude does not appear to be clinically meaningful. Based on
these findings liraglutide can be administered interchangeably at these injection sites.

Drug-drug Interactions: Several drug interactions were evaluated by the sponsor with an objective
to establish the -effect of liraglutide on gastro-intestinal motility and how does it impact the
pharmacokinetic profile of other drugs, especially those sensitive to these physiological changes.
Paracetamol (BCS Class 1), Atorvastatin (Class 11), Griseofulvin (Class II), Lisinopril (Class 111),
and Digoxin (Class 1V) showed the changes expected for these BCS class representatives based
on reduction in gastric emptying rate due to liraglutide. The results from digoxin DDI study also
showed that liraglutide does not prolong the intestinal transit time. Drug interaction study with
single dose administration of ethinylestradiol and levonorgestrel combination, showed no effect
of co-administration with liraglutide on ethinylestradiol total exposure (AUC,.,). However, the
levonorgestrel AUCq., was 18% higher during liraglutide treatment. Cpax was 12% and 13%
lower for ethinylestradiol and levonorgestrel, respectively, during liraglutide treatment.

Co-administered Drug Time of Administration Cmax AUC
Relative To Liraglutide
Atorvastatin After 5 hr 138 % —
(40 mg)
Digoxin After 7 hr 131 % 116 %
(I mg) '
Lisinopril After 5 minutes 127 % 115 %
(20 mg)
Griseofulvin Co-administered 137 % “
(500 mg)
Ethinylestradiol After 7 hr 112% >
(0.03 mg)
Levonorgestrel After 7 hr 113% 18%7
(0.15 mg)

<> No change

To-be-marketed vs. Phase 3 formulation: The pivotal BE study demonstrated that the Phase 3
formulation (Liraglutide formulation 4) and to be marketed formulation (liraglutide final
formulation 4) were bioequivalent with respect to the primary éndpoints AUCy, and C,,.. The
bioequivalence were also demonstrated for intermediate changes in the formulations in separate
studies.

Bioanalytical Issues: The bioanalytical site for the pivotal bioequivalence study (Study NN2211-
1692) was audited by the Division of Scientific Investigation (DSI). There were serious
deficiencies identified during the audit, and based on the conclusions of DSI review, the
reliability of analytical data and hence the study results became uncertain as the laboratory need
to re-assess the analytical data using an unbiased acceptance and rejection criteria for all
analytical runs. The DSI also cited serious deficiencies during the inspection of clinical site in
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Lund University Hospital, Lund, Sweden. Two separate information requests were issued to the
sponsor for resolution of these issue for the BE evaluation. Division also communicated its
concern to the sponsor regarding the other clinical pharmacology studies for which, the same
laboratory has performed liraglutide assay. Please see DSI memos dated 02/18/2009 and
03/09/09 in DFS for further details.

Sponsor submitted their response to the information request letters (see 03/27/2009 and
03/30/2009 in EDR), and provided reanalysis of pivotal BE results and other clinical
pharmacology study results that were used to make labeling claims and for which —————
conducted the bioanalysis.

Prior to the review of the raw data, Sponsor decided to consistently adhere to the assay run
acceptance criteria set by = at the time of sample analysis. ' All assay runs not meeting
the pre-set uniform criteria were rejected.

Thus, the sponsor re-assessed the raw data based on a standard uniformly applied run acceptance
criterion for the calibration and QCs, and reanalyzed the reduced data sets for major clinical
pharmacology studies except the population PK analysis where, only 6% of samples were
affected by the bioanalytical inconsistencies, and we agree that it will not impact the study
results. From a Clinical Pharmacology perspective, the sponsor’s response to information request
has not completely addressed the issues raised due to the deficiencies related to the bioanalytical
method. The revised standard criteria used by the sponsor for re-evaluation of the analytical data
was not objective and bias free when selecting single observations instead of mean values of the
duplicate values for the ELISA runs. The impact of this is unknown and additional information
has been requested from sponsor. Therefore, based on the review of original and revised
information, overall the clinical pharmacology assessments conducted under this NDA are

considered appropriate and acceptable provided there is an acceptable resolution of the

deficiencies in the bioanalytical methods as explained above.
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2 Question-Based Review (QBR)

2.1 General Attributes

Liraglutide is a human Glucagon-Like Peptide-1 (GLP-1) analog with 97% homology to human
GLP-1 that binds to and activates the GLP-1 receptor. The GLP-1 receptor is the target for native
GLP-1, an endogenous incretin hormone that potentiates glucose-dependent insulin secretion
from the pancreatic beta cells.

The incretin based approaches for the management of type 2 diabetes are based on the current
understanding that this function is impaired in type 2 diabetes. Treatment with GLP-1 can help to
compensate for this defect as GLP-1 has been shown to reduce hyperglycaemia in subjects with
type 2 diabetes. Studies with native GLP-1 have shown that the primary mechanisms of action
are to:

e stimulate insulin secretion and decrease glucagon secretion in a physiological and
glucose dependent manner

e delay gastric emptying

e reduce appetite

These properties make GLP-1 a suitable candidate for the treatment of type 2 diabetes. However,
due to the very short half-life of native GLP-1 (t%2 <1.5 minutes after i.v. administration) and
short duration of action, the native hormone is not a useful therapeutic agent. The short half-life is
due to rapid degradation by dipeptidyl peptidase-1V (DPP-1V).

Following subcutaneous administration, the prolonged action profile of liraglutide is based on
three mechanisms: self-association, which results in slow absorption, and binding to albumin and
enzymatic stability towards the DPP-1V enzyme both resulting in a long plasma half-life in
contrast to the short half-life of the endogenous GLP-1.

Physiologically, GLP-1 is processed from the pre-proglucagon gene in the L-cells of the intestine
as well as in the brain. The amino acid sequence of GLP-1 is preserved in mammals and only one
receptor, the GLP-1 receptor, has been identified. The GLP-1 receptor is a so-called G-protein
coupled receptor belonging to the B family. There is close homology between the GLP-1 receptor
in different mammalian species, with rat and human GLP-1 receptor having as high as 90%
homology and monkey and human 99%. The cellular action of GLP-1 is mediated through the Gs
protein and the adenylate cyclase (Figure 1) leading to cAMP accumulation, and in pancreatic
beta-cells to a subsequent activation of PKA and increase in intracellular cytosolic Ca2+ and PI3-
kinase leading to exocytosis of insulin-containing granules and activation of mitogenic pathways.
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Figure 1 GLP-1 receptor activated signaling pathways in pancreatic beta-cells.

Liraglutide’s mechanism of action, being a GLP-1 analog, is also proposed to be multifocal and
mediated via a specific interaction with GLP-1 receptors, leading to an increase in cAMP,
stimulation of insulin secretion, improvement in beta-cell function in a glucose dependent
manner, lowering of inappropriately high glucagon secretion, also in a glucose dependent
manner. Furthermore, the mechanism of blood glucose lowering is also believed to involve a
minor delay in gastric emptying and effects like reduced hunger and lowered energy intake.

Proposed indications for liraglutide are as an adjunct to diet and exercise to achieve glycaemic
control in patients with type 2 diabetes mellitus. Liraglutide is developed for once-daily
administration as:

¢  Monotherapy
e Combination therapy with one or more oral antidiabetic drugs (metformin,

sulphonylureas or a thiazolidinedione) when previous therapy does not achieve adequate
glycaemic control.

Liraglutide is proposed to be administered once daily at any time, independent of meals, and can
be injected subcutaneously in the abdomen, in the thigh or in the upper arm. The injection site
and timing can be changed without dose adjustment. For all patients liraglutide should be initiated
with a dose of 0.6 mg for at least one week, after which the dose should be increased to 1.2 mg.
Based on clinical response and after at least one week the dose can be increased to 1.8 mg to
achieve maximum efficacy.
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2.1.1 What are the highlights of the Liraglutide drug product as they relate to clinical
pharmacology review?

Liraglutide is an Arg**-GLP-1 analogue substituted on the e-amino group of the lysine in position
26 with a Glu-spaced palmitic acid. The structural formula is Arg’*Lys”-(N-e-y-Glu (N-a-
hexadecanoyl)))-GLP-1[7-37]. The molecular formula of liraglutide is C;72H2¢sN430s;. The
theoretical molecular mass of liraglutide is 3751.20 atomic mass units. The analogue is produced
as the polypeptide precursor by r-DNA technology with Saccharomyces cerevisiae strain
YES2085 as the production strain. Substitution with the side chain is performed during down-
stream processing. Liraglutide has the chemical structure illustrated in Figure 2 below:
7 10 20 o 30 37

1~ EOEEEDODECLEENDECOA® EEOEELOUERERE)— cooH

Lys?6
Oy -NH
Glu-spacer 2/
0
HO MH
CH3AMAMM°
Palmitic acid
Figure 2 Chemical Structure of liraglutide.

The proposed drug product is a clear colorless solution for injection containing 6.0 mg/ml of the
active ingredient liraglutide. Liraglutide 6.0 mg/ml will be marketed as a pre-filled pen in the
following presentations:

S

b(4)

2.1.2  What is the composition of to-be-marketed formulation of Liraglutide?
Liraglutide 6.0 mg/ml, 3 ml cartridge is a clear colorless solution containing liraglutide in a 3 ml

cartridge. The pH of the product is 8.15. The composition of liraglutide 6.0 mg/ml, 3 m] cartridge
is listed in Table 1 below.
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Table 1 Quantitative Composition of To-Be-Marketed Liraglutide 6.0 mg/mL, 3 mL
Cartridge

Name of ingredients Quantify per mL Function Reference to
standards

Acftive substance

Liraglutide | 6.01mg Active drug substance | Novo Nordisk A/S

Excipients

Disodium phosphate, 1.42mg Ph. Ear.. USP

dihydrate

Phenol 5.5 mg! _— Ph. Eur., USP. JP

Propylene glycel 14.0 mg | _—_ Ph. Eur., USP. jP

: Ph. Eur., USP, JP

B Ph. Eur., USP, JP

Water for Injections To make I Solvent Ph. Eur, USP, P

1

2.2 General Clinical Pharmacology

2.2.1 What are the PK characteristics of liraglutide after subcutaneous administration
and how do they relate to the dose?

Single Dose:

Study NN2211-1149, a randomized, double-blind, placebo-controlled, dose escalation trial of
single doses of liraglutide (NNC 90-1170) evaluated the tolerability, pharmacokinetics,
pharmacodynamics and absolute bioavailability in healthy male subjects. Upon s.c.
administration, the liraglutide was slowly absorbed into the systemic circulation and maximum
concentrations were achieved between 9-12 hr. Across these dose groups, the elimination half-

life ranged from 11 to 15 hr. The mean plasma concentration-time profiles of liraglutide are
illustrated in the Figure 3 below.

(a) Concentration-time plot (Linear Scale) (b) Concentration-time plot (Semi-log Scale)
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Figure 3 Mean plasma concentration time profile of liraglutide after single rising s.c.

doses (1.25 to 20 pg/kg)
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The mean and SD of pharmacokinetic parameters for liraglutide are presented in Table 2 below.

Table 2 Pharmacokinetic parameters of liraglutide after single rising subcutaneous doses
from 1.25 to 20 pg/kg.

Dose AUCO-00 AUCO-t F Cmax tmax ti
pg/kg pmol*h/L pmol*h/L % pg/mL h h
1.25a Mean 14501 12503 - 451 9.2 14
SD 3205 2361 - 73 1.8 -
1.25b Mean 16058 10095 - 390 10 13
SD 8702 9091 - 329 2.2 -
2.5 Mean 60155 54169 - 2303 10 11
SD 26012 22949 - 696 34 -
5 Mean 134076 117244 55 4478 9.3 15
SD 108073 93978 37 3412 32 -
10 Mean 234834 206160 - 7911 12 14
SD 33386 33545 - 2750 6 -
12.5 Mean 283376 258268 - 10102 11 12
SD 30570 32138 - 2250 24 -
15 Mean 383629 339763 - 13136 11 13
SD 56975 45773 - 1973 1.1 -
17.5 Mean 450776 411611 - 17253 11 11
SD 64623 58426 - 3044 ] -
20 Mean 523224 477591 - 20209 10 11
‘ SD 104999 80834 - 2981 13 -

®First dose level was repeated for safety assessment.

The dose-proportionality assessment revealed that the liraglutide exposure increased in proportion
to the increase in dose up to 20 pg/kg.

(b) Dose Proportionality in Liraglutide AUCq_;,¢

(a) Dose Proportionality in Liraglutide C,,,,
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Pharmacokinetic profile from the to-be-marketed (Final formulation 4) and Phase 3 formulation

(Formulation 4) was also similar to those observed in the early clinical evaluations.
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pharmacokinetic parameters of liraglutide after single s.c. administration of 0.7 mg dose are
summarized in Table 3, and the concentration-time profile is shown in Fig. 5 below:
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Figure 5 Plasma concentration-time profile of liraglutide after oral administration.
Table 3 Pharmacokinetic parameters of liraglutide after single 0.7 mg s.c. dose in pivotal
BE study using Formulation 4 (Phase 3) and Final formulation 4 (to-be-
marketed)
Cmax:

Original Analysis
Final ¥4 ¥4

Updated Analysis

Original Analysis

> 8
Ba b

Updated Analysis
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The mean liraglutide apparent clearance was 0.7 L/hr and apparent volume of distribution was
12.5 L. The maximum concentrations were achieved at 12 hr median t,., and liraglutide
eliminated with a mean half-life of 13 hr, which was longer than the 8 hr half-life observed after
i.v. dose, thus suggesting that liraglutide follows a flip-flop pharmacokinetics after s.c.
administration. '

Multiple Once Daily Doses:

Mean plasma concentrations increased with an increase in dose both following single (Day 1) and
multiple (Day 11) once daily administration of liraglutide. The results suggested a slight
accumulation of liraglutide following multiple dose once daily s.c. administration, as indicated by
the accumulation index that ranged betwenl.4 — 1.5 based on ratio of AUCq.,4.0n Day 11 and Day
1.

Table 4 Mean liraglutide pharmacokinetic parameters after single dose (on Day 1) and
multiple once daily s.c. dose

Dose Day 1 ) Day 11°

(pg/kg) Parameteyr Mean 5D Mean 8D

7.8" AUC (h-nmol/ 1} 149 22 218 54
AUCq..4 (h-nmel /1) 86 32 138 a2
AUC) 23, g1/ AUCan -~ - 0.9 0.1
Raa - - 1.4 0.3
Coawe (im0l /1) s 2 8 2
Caax {0} 14 7 10 g
Ci/f (mi/win/kg} 0.20 0.03 - -
Vo./f (1/Kg) 0,22 0.06 - -
ke (07H) 0.0561 0.0067 9.0588 0.0008
ty* {h} 12.4 - 12.4 -

10" AUC {h-nmel/1) 246 43 351 60
AUCy.zs {(h-nmol/l} 138 26 225 33
AUCq.s. aap13 /B0Cay - - 0.9 0.07
Raee - - 1.5 0.14
Can, (ol /1) 8 1 11 2
Euane (B 12 Q 11 1
CL/E {ml/min/kg) 0.146 0.03
V./£ (1/kg) 0.17 .03 - -

P hy 0.0541 Q.4056 0.0540 0.0055%
ty* (h) 12.8 - 12.8 -

12.5 AUC {h-nmol/1} 254 7% 381 122
AlUle.zq (h-mmol/l) 152 46 247 80
AUCo 24, aapas /AUCasys - - 1.0 0.2
Rae ‘ - - 1.4 0.2
Crax (MOL /1) 9 3 14 4
[N e 11 1 14 2
C1/f {wl/min/kg) ©0.19 » 0.06 - -

V.t (1/kg) 0.18 0.05 - -
R (1) 0.0598 0.0040 0.0536 G.06029
t* (hy 11.6 - 12.8 -
N equals 4 unless otherwise indicated. *) Harmonic mean. %) Day 1, mean of three.

NDA 22-341 (Liraglutide) OCP Review 16



2.2.1 What are the pharmacodynamic characteristics of liraglutide after subcutaneous
administration and how do they relate to the dose?

GLP-1 is an insulinotropic hormone that is released from the L cells in the intestine. It stimulates
insulin secretion and at the same time decreases glucagon secretion. Both actions are glucose-
dependent, appearing at elevated glucose levels. Being a GLP-1 analog, liraglutide’s
insulinotropic effects were evaluated by assessing beta-cell function and post-prandial glucose in
two PD studies.

Beta Cell Function:

The effects of single subcutaneous administration of 7.5 pg/kg liraglutide (NNC 90-1170) on beta
cell insulin secretion (in response to increasing glucose concentrations) were examined in the
type 2 diabetes patient population, and compared to the beta cell insulin secretion patterns of
healthy individuals (Study NN2211-2063).

The primary objective of the efficacy analysis was to compare the effects of liraglutide and
placebo on the beta-cell responsiveness to graded glucose infusion, as assessed by the primary
endpoint: AUC of insulin secretion rate (ISR) over the 5-12 mmol/L glucose interval
(corresponding to times of 40 to 220 minutes). The ISR was derived from the. C-peptide
concentration profile. AUCug200) is the area under ISR curve in the interval from 40 to 220
minutes, and it was calculated using the trapezoidal method (JSR as vertical axis and time as
horizontal axis).

The secondary objective of the efficacy analysis was to compare liraglutide and placebo with
respect to the following secondary endpoints:

» Slope of the mean ISR vs. mean glucose dose response relationship. The mean ISR and
mean glucose was derived for each of the glucose infusion intervals. Regression model of
mean ISR on mean glucose was used to estimate the slope.

e AUC of glucagon concentration over the 40-220 minutes time interval, which was
calculated in a similar way to that of AUC40.220y of ISR.

e Insulin clearance: Mean ISR divided by mean insulin concentration.

The results showed that:

e The average response to liraglutide treatment showed a restoration of Cpeptide levels to
those approximating normal individuals. Liraglutide significantly increased the AUC4o.
220) for the insulin secretion rate (over the 90-216 mg/dL glucose interval, times from 40
to 220 minutes) as compared with placebo, suggesting that liragiutide improves beta-cell
responsiveness to increasing blood glucose concentrations in subjects with type 2
diabetes. AUC0.220) ISR values for liraglutide were not significantly different from those
obtained for healthy volunteers over the same glucose interval (Fig. 7 and Table 5),
further suggesting that liraglutide restores beta-cell function.

e The slope of the mean ISR vs. mean glucose level for liraglutide was significantly greater
than that for placebo, and similar to that seen in healthy volunteers. Insulin clearance and
the AUCu0.220) for glucagon were not significantly different between placebo treatment,
liraglutide treatment, and healthy individuals.

e The mean AUC for liraglutide plasma concentration (from time 0 to 17 hours) was 610
nmol.hr/L for type 2 diabetes subjects. The mean C,,,, for liraglutide was 5.9 nmol/L. The
mean Ty, for liraglutide was 13.1 hours.
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liraglutide (NNC 90-1170) treated and healthy subjects (control).
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Table 5 AUC(40-220) of insulin secretion rate (ISR) values in T2DM by treatment,
versus healthy subjects

Placebo NNC 90-1170 Healthy
(N=10) (N=10) (N =10}
{pmol/min*kg) (pmol/min*ke) {(pmol/min*kg)
Mean (SD) 667.6 {(336.39) 1129.7 (473.94) 1206.9 (314.23)
Median 592.0 1077.2 - 11833
Min. - Max.
p-value vs. NNC 90-1170 < 0.001 (.487

Post-prandial glucose, First-phase Insulin Secretion:

The effect of liraglutide on 24-hour glucose and hormonal profiles, gastric emptying, and fasting
gluconeogenesis in type 2 diabetic subjects was evaluated in trial NN221 1-1332. The trial was a
single-centre, randomized, double-blind trial in subjects with type 2 diabetes. Liraglutide (6
ng/kg; corresponding to 0.55 mg dose using the mean body weight of 91.4 kg in the trial) and
placebo were injected subcutaneously for 9 to 10 days in a cross-over design. Previous treatment
with oral hypoglycaemic agents (OHAs) was discontinued 2-3 weeks before each treatment
period.

Primary endpoint was 24-hour glucose profiles after three fixed meals and the secondary
endpoints included (i) 24-hour insulin secretion profiles after three fixed meals, (ii) first phase
and maximal secretory capacity after a hyperglycaemic clamp and arginine bolus, (iii)
endogenous glucose release (EGR), glycogenolysis (GLY), and gluconeogenesis (GNG) where
EGR was expressed in mg/kg/min using a labeled glucose method and GNG was expressed in
mg/kg/min using a labeled water method, (iv) 24-hour glucagon and free fatty acids (FFA)
profiles after three fixed meals, (v) gastric emptying rate-4-hour paracetamol profiles after two
fixed meals, (vi) pharmacokinetic profile of liraglutide in steady state-30-hour profile (AUC,
Cmax, tmax, t'2), (vii) 4-hour leptin profile after a fixed meal (dinner), and (viii) 4-hour pro-
insulin profile after a fixed meal (breakfast).
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Figure 8
Table 6 Statistical Analysis of 24-hour blasma glucose
Liraglutide PBC Liraglutide-PRO
24 -hour glucose concentration, AUC - mmol/L*h
N 13 13 26
Mean (S.E.M.) 187.46 (14.02) 232.30 (21.94) -44 .55  {15.27)
Min - Max
95% C.I. [-78.15 ; -10.95]+
p-value 0.0140
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(a) Liraglutide suppresses 24 hour post-prandial plasma glucagon
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Figure 9 (a) Mean 24 hour Profiles for Plasma Glucagon on Day 1 and (b) Mean First-
phase Insulin assessed during the hyperglycemic clamp on Day 2.
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Table 7 Statistical Analysis of 24-hour plasma glucagon

Liraglutide PBO

Liraglutide

Fasting Glucagon concentration, AUC - pg/mLsh

N 13 i3

Mean {S.E.M.) 92.84 { 7.24) 84.47 £ 5.87)
Min - Max
98% C.1.
p-value

24-hour Glucagon concentryation, AUC - pg/mL*h

N %3 13

Mean {S.E.M.} 217%.1 {118.0) 2371.2 (13%.90)
Min - Max

-1.87 { 3.32)
[ -9.18 ;  5.45]
0.5858

b(4)

5% C. I, [-37%.9 ; -14.651«

p-value 0.0367

Table 8 Statistical Analysis of First-Phase Insulin during hyperglycemic clamp
Liraglutide PRO Liraglutide-PRO

Insulin concentration, AUC ~ pmol/L*h

N 13 13 26

Mean (5.E.M.) 55.45 { 9.93) 34.26 { 6.40} 20.9897 { 6.43}

Min - Max

95% C.TI. [ 6.81 ; 35.13]%

p-value 0.0076

Insulin concentration, Incremental AUC - pmol /L*h

N 13 13 26

Mean {S.E.M.) A0.15 { 9.05} 7.32 { 2.85) 22.83 { 6.87}

Min - Max

95% C.I. [ 7.70 ; 37.95] %

p-value 0.0068 .

Insulin concentration, Max - pmol/i b(&)

N 13 13 3

Mean (8.E.M.) 262.62 {47.51) 166.46 (32.43) 85.43 {28.893)

Min - Max

95% C.1I. [ 31.76 ; 159.10])+*

p-value ¢.0071

Glucose concentration, Max - mmol/L

N 13 13 26

Mean (S.E.M.) 17.18 { 0.57} 18.32 { 1.22) -1.13 { 1.03)

Min - Max —

295% C.I. [ -3.490 ; 1.15]

p-value ¢.2986

PBO = Placebo. The statistics are obtained from a mixed model
with subjects as a random factor and visit and treatment as fixed Factors.

An asterisk indicates statistical significance.

Efficacy results showed that:

(1) Primary and secondary end point based on 24 hour profiles:

* For the primary objective, 24-hour glucose profiles, liraglutide treatment provided 24-
hour glycaemic control, as glucose AUC(0-24) was statistically significantly lower

compared with placebo (Figure 8 and Table 6).

* The overall glucagon level (glucagon AUC(0-24)) was significantly inhibited after

treatment with liraglutide (Figure 9a and Table 7).

* Fasting value of pro-insulin was statistically significantly lower after liraglutide treatment

than after placebo.
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No statistically significant difference could be demonstrated for free fatty acids, insulin
secretion rate (ISR), fasting glucose (p=0.0782), and AUC(0-24) or fasting values of
insulin and C-peptide.

(2) Hyperglycaemic clamp:

Treatment with liraglutide increased insulin levels throughout the entire hyperglycaemic
clamp. In addition, first phase insulin response improved after liraglutide treatment
(Figure 9b and Table 8).

During the steady state part of the clamp, treatment with liraglutide increased mean levels
of insulin, C-peptide, and pro-insulin, while glucagon and pro-insulin/insulin ratio were
decreased.

Maximum insulin and C-peptide concentrations after arginine infusion were significantly
increased after liraglutide treatment, compared with placebo. No statistically significant
difference was seen for maximum concentration of pro-insulin, while the maximum
glucagon concentration was statistically significantly lower after liraglutide treatment.

(3) Other endpoints:

B-cell function (insulin secretion, ISECpoma) Was statistically significantly increased after
treatment with liraglutide, whereas no statistically significant differences were seen
between treatments for insulin resistance (IRESuoma) or insulin sensitivity (ISEN).

No statistically significant differences were found between the two treatments with
regard to gastric emptying rate.

Treatment with liraglutide resulted in a statistically significant lowering of endogenous
glucose release, which could be contributed to a decrease in glycogenolysis, as no effect
was seen on gluconeogenesis. No statistically significant effect was seen for the indirect
calorimetry parameters.

Hypoglycemic counter-regulation

Glucagon inhibition is part of GLP-1’s mode of action, and hence disturbance of the
hypoglycaemic counter-regulation under the influence of GLP-1 could be expected. Since
liraglutide is believed to have a mode of action similar to GLP-1, the effect of liraglutide on
hypoglycaemic counter-regulation was evaluated in this stepwise hypoglycaemic clamp study in
subjects with type 2 diabetes. The primary endpoint was glucagon secretion measured as mean
glucagon for each of the four 40-minute clamps at 78, 66, 54 and 42 mg/dL (4.3, 3.7, 3.0 and 2.3
mmol/L) glucose concentrations performed over the 240-minute period.

At baseline, plasma glucagon level was approximately 77 pg/mL and increased steadily with
progressive hypoglycaemia by approximately 1.5-fold over basal glucagon concentration for both
treatment groups (Fig. 10).
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Figure 10 Liraglutide does not impair the glucagon response to hypoglycemic counter-

regulation

The results demonstrated that after a single s.c. dose of 7.5 pg/kg, liraglutide did not affect the
glucagon response to hypoglycaemia and did not impair the overall hypoglycaemic counter-
regulation response. In accordance with the glucose-dependent stimulation of insulin secretion,
ISR was borderline significantly increased at the two highest glucose levels (78 and 66 mg/dL),
but not at the two lower glucose levels (54 and 44 mg/dL). It induced minor statistically
significant differences for adrenaline and growth hormone (suppressed release relative to
placebo).

2.2.2 Is major route of elimination in humans identified?

In vitro and in vivo metabolism and excretion studies demonstrated that liraglutide is fully
metabolized in the body by sequential cleavage of the peptide with no excretion of liraglutide and
only very limited excretion of closely related metabolites in the feces or urine in all animal
species and humans. Minor components of the peptide or the palmitic acid part of liraglutide were
observed in feces and urine. The extensive metabolism of '*C-liraglutide after s.c. administration
in rats resulted in the excretion of ~ 70% '*CO, in the expired air. In plasma from all species
including man, small amounts of metabolites more lipophilic than liraglutide have been observed.
This is in agreement with the metabolites identified in vitro in hepatocytes and following
incubation with dipeptidyl peptidase 1V (DPP-1V) or neutral endopeptidase (NEP), both known to
be important in the metabolism of native GLP-1. Liraglutide was metabolized by DPP-1V and
NEP in similar positions in the peptide as observed for native GLP-1. The metabolite profile of
[*H]-liraglutide was studied in vitro in rat, mouse, monkey and human hepatocytes (NN 205145).
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Several metabolites were detected in increasing amounts over time and the overall pattern was
similar across species. Metabolism and excretion of [SH]—liraglutide have also been studied in
vivo in rats (NN 205265 and NN 206387), mice (NN 205264) and monkeys (NN 205399).
Circulating metabolites have been found in plasma for all three species. Most metabolites (up to
10) were found in rat plasma whereas only 2 metabolites were found in mice and up to 5 in
cynomolgus monkey plasma. All metabolites were minor compared to the total exposure level
and more lipophilic than liraglutide suggesting truncation of the peptide backbone with an intact
fatty acid side chain in these animal species.

The sponsor conducted one mass balance study in which metabolic fate of [SH]—Liraglutide (Fig.
11) was evaluated in vivo following single s.c. administration in humans. This trial investigated
the profile of liraglutide metabolites in plasma, urine and feces in healthy subjects. Due to the
chemical structure of liraglutide, being a large peptide with a fatty acid side chain, a degradation
of liraglutide into peptides, amino acids, fatty acid fragments, water and products from recycling
pathways was expected. Hence, a full mass balance profile (i.e. a radioactivity recovery of >
95%) was not possible to obtain. A single dose of 0.75 mg liraglutide (containing 12.0 MBq) was
given as s.c. injection in the abdomen. Plasma was collected for 4 elimination half-lives
(approximately 60 h) of liraglutide, and urine and feces were collected until excreted levels of
tritium ([*H]) reached the end criteria level of 1000 dpm/g in pooled 24-hour samples, or until a
maximum of 14 days post dose.

HO O
*H HN ©
H,C /VVV\/\WO [LyS,6Args,]-GLP-1
°H
Figure 11 ~ Location of tritium label in [3H]—liraglutide

The samples from plasma, urine and feces were analyzed by means of HPLC and radio-
chromatography. Results from these chromatograms were used for semi-quantification of
components as concentration equivalents (plasma) and percentage of the administered
radioactivity (urine and feces). The structure of these metabolites (peptide fragments) is more or
less unknown.

Pharmacokinetic properties based on labeled drug .
Time to maximum liraglutide plasma concentration (tmax) Was 11.7 h and t% was estimated to
15.4 h. Liraglutide was primarily distributed in plasma compared to blood (ratio approximately
0.6).
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Figure 12 Mean plasma concentrations of [*H]-liraglutide following a single SC dose of
0.75 mg. .

Excretion of Radioactivity in Urine and Feces

In feces three metabolites F1, F2 and F3 were detected. All of these were more lipophilic than the
parent compound, and two of them were detected in the majority of the subjects. No
quantification of the individual components was possible. Until Day 14, 26.3% of the total
radioactivity was excreted in urine and feces. Excretion of non-volatile radioactivity (liraglutide-
related radioactivity) by urine and feces was 11.5% of the total radioactivity (6.4% and 5.1%,

respectively). Excretion of volatile radioactivity (e.g. tritiated water) was 14.8% of the total
radioactivity (13.7% in urine and 1.1% in feces).

Metabolite Profile of Liraglutide in Plasma, Urine and Feces

* In plasma three components were detected. The major component was unchanged
liraglutide (89-100%) while the two metabolites P1 and P2 were slightly more hpophlllc
and represented <9% and <5% (respectively) of the total exposure (2-24 h).
¢ No unchanged liraglutide was detected in urine or feces.
In urine three metabolites U1, U2 and U3 (only in one subject) were detected. All of these had

much lower retention times than the parent compound. The major component U1 was excreted as
3% of the administered radioactivity.

2.2.3  Does this drug prolong the QT or QTc Interval?

A formal consult to review the thorough QT study was submitted to the IRT. Based on the IRT
review the following observations were made:

No significant QT prolongation effect of liraglutide (1.8 mg) was detected in this TQT study. The
largest upper bounds of the 2-sided 90% CI for the mean difference between liraglutide (1.8 mg
and 1.2 mg) and placebo were below 10 ms (2.7 ms and 0.9 ms), the threshold for regulatory
concern as described in ICH E14 guidance. The largest lower bound of the two-sided 90% CI for
the AAQTcl for moxifloxacin was greater than 5 ms, and peaked at hour 2. In this randomized,
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double blinded, two-period crossover, placebo-controlled trial study, 52 healthy subjects received
liraglutide 1.2 mg, liraglutide 1.8 mg, placebo, and a single oral dose of moxifloxacin 400 mg
(positive control). Overall summary of findings is presented in Table 9.

Table 9 Point Estimates and the 90% ClIs Corresponding to the Largest Upper Bounds for
Liraglutide (1.8 mg and 1.2 mg) and the Largest Lower Bound for Moxifloxacin

Treatment Time (hour) AAQTel (ms) 90% CI (ms)
Liraglutide 1.8 mg 8 03 (-2.1.2.1
Liraglutide 1.2 mg 3 -1.7 {-4.3,0.9)
Moxifloxacin 400 mg* | 2 12.4 (89,159

*Multiple endpoint adjustment is not applied. The largest lower bound after Bonferroni adjustment for 4
timepoints is 7.6 ms.

The relationship between AAQTcl and liraglutide concentrations is visualized in Figure 13 with
no evident exposure-response relationship.
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2.2.4 What are the characteristics of the exposure-response relationships (dose-response,
concentration-response) with regards to efficacy?

The change in HbAlc versus time profile from Phase 3 study showed that the maximal mean
reduction in HbAlc from baseline is achieved by week 12 (Fig. 14a), thus allowing the
comparison of week 12 data among Phase 3 and Phase 2 monotherapy trial, the latter were of 12
to 14-weeks duration. Graphically, the response with 0.6 mg was in reasonable proximity to half-
the maximal response (Fig. 14b). Graphical analysis of pooled dose-response data from Phase 2
and Phase 3 studies showed that the liraglutide treatment is associated with a dose dependent
reduction in HbA'lc from baseline (see Fig. 14b). The maximal effect is achieved at 1.2 mg dose
with a numerical advantage of 1.8 mg over 1.2 mg with regards to maximal HbA 1¢ reduction.

(a)

0.0 Trial 1573

o
o

L
©

LSMeans for Change in HbA1c (%)

0 2 4 6 8101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52
Weeks .
®#e|raglutide 1.2 mg  #kxLiraglutide 1.8 mg  A4sActive Comparator
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Figure 14 (a) Time course of change from baseline in HbAlc from the 52-week Phase 3
confirmatory trial (1573) and, (b) Dose dependent increase in effectiveness of
liraglutide based on Mean(+SE) %change from baseline in HbAlc from 12-week
Phase 2 trial (1310), 14-week Phase 2 trial (1571), and 12-week data from the 52-
week Phase 3 confirmatory trial (1573).

The % change from baseline in FPG and HbAlc decreased with increasing liraglutide
concentration (Fig. 15). The early 12 week Phase 2 evaluation by sponsor revealed that the EDs,
was around 0.65 mg. An exploratory PKPD analysis of the 14 week phase 2 data revealed that
the liraglutide concentrations resulting from the doses 0.65 mg and above exceeded the expected
ECsy value of ~4 nmol/L estimated from the exploratory analysis of liraglutide-FPG relationship
(see PM review under Appendix 4.3 for details). Since there was a considerable overlap in the
exposures for 1.2 mg and 1.8 mg doses, the two doses could not be differentiated using a dose-
response analysis. In patients with body weight 160 kg the expected mean Cavg is 9 nmoL/L and
13 nmol/L using 1.2 mg and 1.8 mg dose, respectively. However, the liraglutide concentration-
response (Ychange from baseline HbAlc) suggests that maximum effect is achieved at or above
7 nmol/L liraglutide concentration (which is the lowest limit of 2" quartile) (Fig. 15a). This was
consistent for the Phase 3 data where the concentrations resulting ranged from 5 nmol/L to 45
nmol/L (Fig. 15b). Hence, it can be inferred that the proposed doses provide adequate liraglutide
exposures over the body weight range of 40-160 kg, and does not warrant for any weight based
dose adjustment in this population. The sponsor’s proposed fixed dose titration is acceptable
from clinical pharmacology perspective.

(a) Mean(SE) Y%change in HbAlc from baseline versus
mean liraglutide of each quartile range (Phase 2)

(b) Mean(SE) %change in HbAlc from baseline
versus mean liraglutide of each quartile range
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Phase 3 confirmatory trial.

2.2.4 What are the characteristics of the exposure-calcitonin relationships (dose-response,
concentration-response) with regards to thyroid safety?

Liraglutide caused Thyroid c-cell tumors in mice and rats in long-term toxicity studies at or above
equivalent human exposure. This finding was associated with dose dependent increase in
incidence of tumor and an increase in serum Calcitonin levels, which is a hormone secreted from
c-cells. The serum Calcitonin was also measured in the efficacy trials as part of thyroid safety
investigation following long-term liraglutide administration. The mean Calcitonin versus time
profile from Phase 3 monotherapy trial showed that there was a gradual increase in Calcitonin for
liraglutide and active comparator. However, among the liraglutide treatment arms, dose-response
was not consistent at all the time points. Although in general mean Calcitonin levels appeared to
be higher for 1.8 mg dose in comparison to 1.2 mg dose, there was considerable overlap in 95%
ClI at all time points (Fig. 16a). Further, the add-on to metformin trial (Study 1572) also did not
reveal a consistent increase in calcitonin levels and dose levels of 0.6, 1.2 and 1.8 mg were
indistinguishable with regards to the serum Calcitonin levels at all the time points (Fig. 16b) (see
PM review for additional details).
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b) Trial 1572

Mean Time-Course of Calcitonin in Study 1572
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[ Source: Sponsor’s Table 3-6 Page 188 Report 2.7.4 Summary of Clinical Safety.pdf]

Note: The LS mean estimates presented in these figures are from a repeated measurements analysis for
normal censored data with time, treatment, gender and treatment by time interaction as fixed effects and

subject as random effect. Error bars represent 95% confidence intervals around the LS mean.

Figure 16 Time course of Calcitonin from (a) 52-week Phase 3 confirmatory Trial 1573 and

(b) Add-on to metformin Phase 3 Trial 1572.
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Further, the graphical evaluation of exposure-response data revealed that change from baseline in
Calcitonin at week 26 was not related to steady-state liraglutide exposure (see Fig. 17).
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Figure 17 Flat liraglutide exposure-change from baseline in Calcitonin relationship at week
26 from the 52-week Phase 3 confirmatory trial (] 573).

2.3 Intrinsic Factors

2.3.1  What intrinsic factors (e.g., weight, gender, race, age, height, disease, genetic
polymorphism, pPregnancy, and organ dysfunction) influence exposure (PK usually) and/or
response, and what is the impact of any differences in exposure on efficacy or safety
responses?

The effect of various covariates e.g. Weight, Age, BMI, Gender and Race was assessed in the
population pharmacokinetic analysis. The details are mentioned in the Pharmacometric review
under Appendix 4.3, Highlights of the results are described below:

Body Weight: Weight was found to be a significant predictor of CL/F of liraglutide. This
relationship was established from the population PK analysis of Phase 3 trial 1573 (Fig. 18a,
18b). '

NDA 22-341 (Liraglutide) OCP Review : 32



(a) Clearance increases with body weight (b) Effect of body weight on liraglutide exposure
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Figure 18 Effect of body weight on liraglutide clearance pharmacokinetics.

Age and BMI: There was no effect of age or BMI on liraglutide clearance as illustrated in
Figure 19 below.

(a) No effect of Age on body weight adjusted (b) No effect of BMI on body weight adjusted
clearance clearance
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Figure 19 No effect of Age and BMI on liraglutide clearance.

- Gender and Race: Based on the weight adjusted clearance, the females were found to have 30%
lower weight adjusted clearance than the males. However, after accounting for Weight and
Gender effects the Race effect could not be ascertained as claimed by the sponsor, as illustrated in
Figure 20 below.
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(a) Weight adjusted clearance differ between | (b) Weight and Gender adjusted clearance does not
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Figure 20 Effect of gender and race on fenofibric acid pharmacokinetics.

Although both weight and gender were found to affect the clearance, the effect is only statistically
important. Considering that exposures (Cavg), resulting from 1.2 and 1.8 mg doses, were in the
maximal response region of the exposure-relationship for primary efficacy variable (HbAlc)
these differences do not appear to be clinically meaningful to warrant a dose-adjustment.

>

2.3.2  Does the renal function affect Liraglutide pharmacokinetics?

In the renal impairment study, a single-centre, single-dose, parallel group, open-label trial
investigating pharmacokinetic profiles of liraglutide in five groups of subjects with normal, mild,
moderate, severe and end-stage renal impairment. Liraglutide was administered as a single dose
of 0.75 mg. The dose was injected subcutaneously, into the abdomen of the trial subjects. The
classification of renal impairment was based on creatinine clearance (glomerular filtration rate)
estimated with the Cockcroft & Gault formula. It was aimed to have six subjects in each of the
five trial groups in order to cover the complete range of creatinine clearance (Table 10).

Table 10 The classifications of renal impairment groups
Description Estimated Creatinine
Clearance (mL/min)
Normal renal function >80 mL/min
Mild renal impairment >50-580 mL/min
Moderate renal impairment >30-<50 mL/min
Severe renal impairment <30 mL/min
End-stage renal disease Requiring dialysis

The results of statistical comparison of AUC are summarized in the following table and presented
in Figure 21.
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Table 11 Pharmacokinetic parameters of liraglutide in healthy and renally
impaired subjects

Mild/Normal Moderate/Normal Severe/Normal End stags/Normal

Original Analysis

.67 0.73
0.54 0,57
.85 0.94
Updated Analysis
Al
0.835 21 .71 0,70
0.351 E3 0.355 J.53
0.83 1.601 9.982 .91
fu, all three concentrations
Estimate 0.81 1.37 0.60 0.87
Lower 90% 0.49 0.85 0.35 0.48
Upper 90% 1.34 2.21 1.02 1.55

fu = fraction of unbound liraglutide

Based on the updated analysis, overall the average AUC,., of liraglutide was around 19 - 35%
lower in the renally impaired subjects than the normal subjects. This was in agreement to the
original analysis. Total apparent clearance (CL/F) varied slightly across the renal groups;
however, no trend with respect to renal function was seen. V/F was highest in subjects with mild
renal impairment and in subjects with normal renal function. The apparent volume of distribution
was similar or lower for the subjects with moderate, severe and end-stage renal disease. These
differences couldn’t be explained based on the unbound concentrations, which were similar
across different groups (Figure 21d).

(a) No trend apparent in Liraglutide Cmax with (b) No trend apparent in Liraglutide AUC(0-) with degree

degree of renal impairment of renal impairment
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(c) No trend apparent in Liraglutide CL/F with

degree of renal impairment

(d) Fraction unbound across various treatments
PK analysis: Least squares maans and 95% C1 - fraction unbound
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Figure 21 Liraglutide pharmacokinetic profile in healthy and renal impairment subjects

Based on these findings:

e It cannot be concluded that reduced renal function has an impact on the liraglutide

pharmacokinetics.

® Subjects with type 2 diabetes who also suffer from renal impairment, including subjects
with end-stage renal disease, should use standard treatment regimens for liraglutide and
be dosed according to their glycaemic control.

2.3.3  Does the hepatic function affect Liraglutide pharmacokinetics?

The effect of hepatic impairment was assessed in a single-centre, single-dose, parallel group,
open-label trial investigating pharmacokinetic profiles of liraglutide in four groups of subjects
with normal, mild, moderate, and severe hepatic impairment. The classification of hepatic
impairment was based on the Child-pugh scores (Table 12) and was in accordance with that
defined by the Guidance document. Six subjects were evaluated in each group as planned.

Table 12 The classifications of hepatic impairment groups

Points Scored for Observed Findings
1 2 3
Encephalopathy grade* none for2 Jord”
Ascites absent shight moderate
Serum bitirubin (pmol/L) <34.2 34.2-513 >51.3
Serum albumin (g/L) »35 2835 <28
Prolonged Prothrombin éime <4 4-6 =6

*Grade 1) normal consciousness, personality, ngurological examination, clectro encephalogram.
*Grade 1: restless. sleep disturbed, irritable/agitated, remor, mpaired handwriting, S cps waves.
*Grade 2: lethargic. rime-disoricnted, inappropriate, asterixis, afaxia, slow triphasic waves,
*Grade 3: sonmolent, stuporous. place-disoriented, hyperactive reflexes. vigidity, slower waves.
*Grade 4; unrousable coma, no personality/behaviour, decercbrate, slow 2-3 cps delta activity.
*Patients with encephalopathy grade 3 and 4 are excluded.

Conversion from points to groups of diffcrent degrees of hepatic impairment:

Child-Pugh Grade A. mild heparic impairment {5-6 points)

Child-Pugh Grade B, moderate hepatic impairment (7-9 points)

Child-Pugh Grade C, severe hepatic impairment (10-15 points)
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The impact of hepatic impairment on relevant pharmacokinetic parameters of liraglutide is

depicted below in Figure 22.

(a) Cpuy showed a decreasing trend with severity of
hepatic impairment
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(c) Apparent CL showed an increasing trend with the
severity of hepatic impairment
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Figure 22 Liraglutide pharmacokinetic profile in healthy and hepatic impairment subjects

after single 0.75 mg dose

Results of the statistical analysis of pharmacokinetic parameters from the original and updated

analysis are summarized in the following table.
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Table 13 Statistical comparison of AUCg;,s of liraglutide in healthy and hepatic
impairment subjects

Hepatic group

Mild/HNormal Moderate/Normal Severe/Normal

Original Analysis

auc

sstimats .87 0.5¢6
6G (.39
1.28 G.81

Updated Analysis

EUC

Eztimate 29 0.8¢ G.58
847 57 8.60 G.4¢
140 .25 G.85

Results showed that:

Equivalence with respect to AUC(0-) was not demonstrated between the groups of
severely hepatically impaired subjects and healthy subjects (estimated ratio of 0.58 with a
90% confidence interval of [0.40, 0.85]), with severely hepatically impaired subjects
having a lower exposure to liraglutide. , '

Equivalence with respect to AUC(0-0) was not demonstrated between any of the other
groups of hepatically impaired subjects and healthy subjects either (estimated ratios and
90% confidence intervals of 0.89 [0.57, 1.40] and 0.86 [0.60, 1.25] for mild/normal and
moderate/normal, respectively).

Albumin was found to have a statistically significant effect on AUC,.,, and does appear to
explain the observed difference in clearance in severe hepatic impairment. Since the drug
is highly protein bound, ~1.5 fold lower albumin content does go well with similar fold
difference in clearance. However, no clear association between the unbound fraction of
liraglutide and hepatic group was seen. Moreover, the group of subjects with severe
hepatic impairment did not have a higher unbound fraction compared to the group of
subjects with normal hepatic function.

Based on these findings:

Severe hepatic impairment has an impact on the liraglutide pharmacokinetics in terms of
two-fold increase in clearance. However, the exposure-response relationship seen in the
efficacy studies suggests that the proposed doses are adequate in the hepatic impairment
subjects.

The altered protein binding is known to result into only a transient change in free drug
concentration that is buffered by a compensatory change in clearance or a change in
bioavailability. The restores the free drug concentration to its pre-alteration state,
although the total drug concentration may be reduced. The findings with the liraglutide
can be explained on this basis.

Subjects with type 2 diabetes who also suffer from hepatic impairment can use standard
treatment regimens for liraglutide and be dosed according to their glycaemic control.
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2.4 Extrinsic Factors

2.4.1 What is the effect of different injection sites on the bioavailability of Liraglutide?

The relative bioavailability of liraglutide after s.c. administration in the thigh, upper arm and
abdomen was assessed in a randomized, open-label, single-centre, three period, cross-over trial
(Study 1745) where single doses of liraglutide were administered s.c. in the evening to 21 healthy
male and female subjects on three different occasions, each separated by a 1-3 weeks wash-out
period counting from time of dosing. The site of administration differed between the dosing days,
either in the abdomen, thigh or upper arm. The dose was given as a fixed dose (0.60 mg) in a
fixed volume (100 pl). The results are summarized in Table 14 below. The pharmacokinetic
profile of liraglutide and exposure by injection site data is presented in Figure 23 and Error!
Reference source not found., respectively.

Table 14 Effect of injection site on liraglutide pharmacokinetics after single 0.6 mg SC
administration in thigh, abdomen, and upper arm using formulation 4

Thigh / abdomen Cpper arm / Abdonen Upper arm / Thigh
Original Analysis
RUC {0~-inf)
Bati g.81 &.99 1.t3
Low limi 0.7¢ 9.83 1.03
Upp 1imi a.8¢ 2,98 1.18

Updated Analysis

AUC(0-4ing)

Estinate 0.7 1.15
Lowey t limit 9. g 1.01
Upper 904 limit 0.8% G.96 1.21
9000 I - Abdomen Thigh * Upper Arm
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Figure 23 Mean liraglutide plasma concentrations from different injection sites
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The relative bioavailability of liraglutide after s.c. administration was estimated as 81% in thigh
versus abdomen, 90% in upper arm versus abdomen and 111% in upper arm versus thigh based
on primary parameter AUC,... as well as Cy.x and AUC,.. There was no effect on .. Even if
thigh showed consistently lower exposures of liraglutide, the magnitude is not clinically
meaningful. Based on these findings liraglutide can be administered interchangeably at these
injection sites.

2.4.2 Drug-Drug Interactions

2.4.2.1 What is the CYP inhibition potential of Liraglutide?

The potential inhibitory effect of liraglutide (NNC 90-1170) on the important human drug
metabolising cytochrome P450s was examined in vitro using human liver microsomes. The
model substrate activities determined and the isoforms which these assessed were as follows:
ethoxyresorufin-O-deethylase (CYP1A2), coumarin 7-hydroxylase (CYP2A6), paclitaxel 60
hydroxylase (CYP2C8), tolbutamide 4- hydroxylase (CYP2C9), S-mephenytoin 4-hydroxylase
(CYP2C19), bufuralol 1- hydroxylase (CYP2D6), p-nitrophenol hydroxylase (CYP2E!) and
testosterone 6B-hydroxylase (CYP3A4). The summary of estimated IC50 values for liraglutide
for human drug metabolizing cytochrome P450s is presented in table 15 below. This assessment
was based on the fact that observed maximal inhibition of all the investigated CYP isoforms was
15.5 % at concentrations ranging from 0.1-100 uM liraglutide and with no dose dependency.
Calculation of IC50 values is therefore was not applicable and it was concluded that a possible
IC50 value could be >> 100uM for the investigated CYP isoforms.

Table 15 In vitro CYP enzyme inhibition potential of liraglutide

CYP CYP substrate - Concentration 1Cs
(uM) (v

1A2 7-Ethoxyresorufin 0.5 >100
2A6 Coumarin 5 >100
2C8 Paclitaxel 8 >100
2C9 Tolbutamide 150 >100
2C19 ’ S-Mephenytoin 100 >100
2D6 Bufuralol 25 >100
2E1 p-Nitrophenol 100 >100
3A4 Testosterone 250 >100

Sponsor concluded that llraglutlde at concentrations up to 100 uM did not inhibit or only very
slight inhibited all the human cytochrome P450s studied (CYP1A2, CYP2A6, CYP2CS,
CYP2C9, CYP2D6, CYP2C19, CYP2E1 and CYP3A4). Thus, liraglutide is not expected to cause
any drug-drug interactions related to inhibition of cytochrome P450s and we agree to sponsor’s
conclusions.

2.4.2.2 What is the effect of Liraglutide co-administration on the pharmacokinetics of other
drugs?

Several drug interactions were evaluated by the sponsor with an objective to establish the effect
of liraglutide on gastro-intestinal motility and how does it impact the pharmacokinetic profile of
other drugs, especially those sensitive to these physiological changes.

Atorvastatin, Lisinopril, Griseofulvin, and Digoxin:

The summary of liraglutide drug interaction study designs are presented in Table 16 below.
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Table 16

Summary of Pharmacokinetic Drug Interaction Study Design

Study Design Co-administered Dose Dosing Duration N
Drug

Part A: Randomized, | Liraglutide/ 0.6,1.2and Weekly increasing doses 40/42

double-blinded, Placebo 1.8 mg

placebo-controlled, Atorvastatin 40 mg Single at steady state of 40/42

two-way cross-over placebo/liraglutide 1.8 mg

trial Lisinopril 20 mg Single at steady state of 40/42
placebo/liraglutide 1.8 mg

Part B: Randomized, | Liraglutide/ 0.6 ,1.2 and Weekly increasing doses 27/28

double-blinded, Placebo 1.8 mg

placebo-controlled, Griseofulvin 500 mg Single at steady state of 27/28

two-way cross-over placebo/liraglutide 1.8 mg

trial Digoxin I mg Single at steady state of 27/28
placebo/liraglutide 1.8 mg

The mean concentration profiles for atorvastatin, lisinopril, griseofulvin, and digoxin when co-
administered at liraglutide steady state conditions compared to during placebo treatment are

presented in figure below.
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Figure 24 Mean concentration-time profiles for the co-administered drugs
The statistical analysis of pharmacokinetic parameters is summarized in the Table 16 below.
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Table 17 Effects of Liraglutide on Pharmacokinetic Parameters of Atorvastatin, Lisinopril,

Griseofulvin, and Digoxin

liraglutide/placebo

atorvastatin

ATC, .. k4 42
Batimate ¢.848
Lowsy 90% limip G 885
Upper $G% limig 1.018

Iigonopril

BUC,.. H 40
Eatimate G849
Loweyr 90% limit 0.747
Uppey 90% limig C.268

iiragiutide/placebs

atorvastatin

Crax {ng/nl}

liscnopril

Tmax ingfeh)

N 40

Estimate G738
Lowey 90% limit 8.63%
Usper 93% lmit 3.848

liraglutide/placebe

- griseofulvin

grisecfulvin

¥ ' 2

60 N 22 Cmax 7
Estimate 1.0%% Egtimate 1.38%
Lewey 90% limit 1.013 Lower 30% limit i.243
Jpper 30% limit 1.183% Upper #0% limit 1.50%
digoxin
AUC(C-72h N 37 Cmax N
N s Bstimate
Estimazs 0.843 P e it
Lower 50% timit 9.722 e s it
Lower 20% limi siea Jppey 20 1imit
Upper 90% iimit 0.584

Single concomitant administration of atorvastatin (40 mg) at steady-state of liraglutide
(1.8 mg) resulted in equivalent AUC,.,, as the 90% CI for the estimated ratio of AUCy.
(liraglutide/placebo treatment) was within the pre-specified limits for equivalence, i.e.
within 0.80 to 1.25. For atorvastatin, equivalence was not demonstrated for C,,, or tu.
Cmax was 38% lower, t,, was 17% shorter and t,,, appeared approximately 1.25 h later at
liraglutide steady state conditions compared to during placebo treatment.

Single concomitant administration of griseofulvin (500 mg) at steady-state of liraglutide
(1.8 mg) resulted in equivalent AUC,.,, as the 90% CI for the estimated ratio of AUCq..
(liraglutide/placebo treatment) was within the pre-specified limits for equivalence, i.e.
within 0.80 to 1.25. However, equivalence was not demonstrated for C,,,x, which was
37% higher at liraglutide steady state conditions compared to during placebo treatment.

For single administration of lisinopril (20 mg), equivalence was not demonstrated for
AUCy,,, when the drug was given at liraglutide steady state conditions compared to
during placebo treatment. The AUC,, for lisinopril was 15% smaller at liraglutide
treatment than during placebo [estimated ratio 0.85 (90% CI (0.75; 0.97])]. The
equivalence was also not demonstrated for C,, or Vz/F. Cy. was 27% lower and V/F
was 16% larger. The t,, appeared approximately 2 h later at liraglutide steady state
conditions compared to during placebo treatment. Equivalence was demonstrated for t'%.

For single administration of digoxin (1 mg), equivalence was not demonstrated for AUC,.
720, respectively, when the drug was given at liraglutide steady state conditions compared
to during placebo treatment. The AUC,.7, for digoxin was 16% smaller at liraglutide
treatment compared to during placebo [estimated ratio 0.84 (90% CI (0.72; 0.98)]. For
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digoxin, equivalence was also not demonstrated for AUCq... or Cpay. The AUC,., was
21% lower and Cy,,x was 31% lower when digoxin was given at liraglutide steady state
conditions compared to during placebo treatment. The tm, for digoxin appeared
approximately 1.1 h later at liraglutide steady state conditions compared to during

placebo treatment.

e There were only minor changes in gastric pH over a 24-hour period

H
p8

24

00 1 8 1 13
Nominal time from start of measurement (hours)
Treatment = Liragiutide  -~--Placebo
Figure 25 Effects of Liraglutide on the gastric pH
Paracetamol

Study design for the DDI evaluation for paracetamol is summarized in the Table 18 below:

Table 18 Summary of Paracetamol Pharmacokinetic Drug Interaction Study Design
Study Design Co-administered Dose Dosing Duration N
Drug
Randomized, placebo Liraglutide/ 1.8 mg Liraglutide: Weekly 17/18
controlled, double-blind, Placebo increments of 0.6 mg (0.6,
two-period cross-over trial 1.2 and 1.8 mg/day)
Paracetamol lg Single

The mean concentration profiles for paracetamol when co-administered at liraglutide steady state
conditions compared to during placebo treatment are presented in Figure 26 below.
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Figure 26 Effects of Liraglutide on the Pharmacokinetics of Paracetamol
Table 19 Summary of Primary and Secondary Pharmacokinetic Parameters of Paracetamol
Primary Secondary

Liragiutide 1.8 my/flaceho 1.8 ng

[ RR =Y
0 eny
[y

RIC{D-480)

Estimate

Administration of paracetamol at tmax of liraglutide at steady state on the 1.8 mg dose level
showed equivalence on the primary endpoints AUCq., and AUCq.430min, reflecting the overall
exposure of paracetamol. The analysis of C,,,, of paracetamol did not demonstrate equivalence.
Cmax was about 31% lower after liraglutide treatment compared with placebo indicating a
delayed rate of initial absorption thus representing a delay in gastric emptying. T, of
paracetamol occurred later after liraglutide treatment compared to placebo, however, the
-estimated median difference between tmax corresponding to the two treatments was limited to 15
min.

Interpretation of DDI evaluation for five representative BCS class drugs is summarized in the

Table 20 below:
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Table 20

Expected and Observed effects of liraglutide co-administration on four
representative BCS class drugs

Drug Solubility/ Expected Effect of Observed Effect of G1
(BCS Permeability Reduction in GI Motility on Motility Change on PK
CLASS) PK
Paracetamol High solubility and | | Cmax, unchanged AUC | 31%{ Cmax, unchanged
(Class 1) permeability and tmax AUC and tmax
Atorvastatin Low solubility and | T Cmax, delayed tmax, | 38% Cmax, unchanged
(Class I1) High permeability | increased or unchanged AUC | AUC, tmax T of 1.25 h
[T residence time in the [Dissolution occurs at
stomach: higher degree of | neutral pH in intestine]
dissolved drug available for
absorption immediately after
entrance into the small
intestine] ,
Griseofulvin Low solubility and | T Cmax, delayed tmax, |37% T in Cmax,
(Class 1I) High permeability | increased or unchanged AUC | unchanged AUC and
[Tresidence time in the | tmax
stomach: higher degree of
dissolved drug available for
absorption immediately after
enfrance into the small
intestine]
Lisinopril High solubility and | unchanged AUC, | in Cmax | 27%) Cmax, delayed

(Class 111)

Low permeability

and delayed tmax [intestinal
permeability is rate limiting]

tmax (2 h), 15%) AUC
[no intestinal transit
time prolongation]

Digoxin Low solubility and | whether solubility or |l Cmax (31%) and
(Class 1V) permeability permeability is the rate | delayed tmax (1.125 h),
: limiting step in the overall [intestinal permeability
absorption is rate limiting], 16%.
AUC [no intestinal
transit time.

prolongation]

Oral Contraceptive (levonorgestrel and ethinylestradiol)

Study design for the DDI evaluation for oral contraceptive is summarized in the Table 21 below:
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Table 21 Summary of Oral Contraceptive Pharmacokinetic Drug Interaction Study Design

Study Design Co-administered " Dose Dosing Duration N
Drug

Randomized, Liraglutide/ 1.8 mg Weekly

placebo controlled, | Placebo increments of 0.6

double-blind, two- mg (0.6, 1.2 and

period cross-over 1.8 mg/day)

trial Neovletta®; Ethinylestradiol: 0.03 mg; | Single 14/21
ethinylestradiol Levonorgestrel: 0.15 mg 21721

and levonorgestrel

The effect of liraglutide on pharmacokinetics of ethinylestradiol and levonorgestrel is presented
in Figures 27a and 27b, respectively. The effect of liraglutide on the absorption of an orally
administered contraceptive drug (Neovletta®) was investigated at highest steady state dose of
liraglutide (1.8 mg). The oral contraceptive administered after 7 hours of liraglutide
administration resulted in mean plasma ethinylestradiol and plasma levonorgestrel concentration

time profiles that were characterized by a reduced C,,,y and t,y.
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(B) Levonorgestrel
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Figure 27 Mean Plasma ethinylestradiol (A) and levonorgestrel (B) following single dose
administratien of oral contraceptive (Neovletta; 0.03mg ethinylestradiol, 0.15 mg levonorgestrel)

The effect of liraglutide on the primary PK parameter (AUC,.,) of ethinylestradiol and
levonorgestrel is summarized in Table 21. AUC,., was not calculated if the extrapolated part was
more than 20% of the total AUC. This was observed with 3 ethinylestradiol profiles and 18
levonorgestrel profiles.

Table 22 Statistical Comparison between Treatments (Liraglutide/Placebo) for
Ethinylestradiol and Levonorgestrel

liraglutide/placebo

ethinylestradiocl

AUC,... N 21
Estimate 1.057
Lower 90% limdit 0.988
Upper 90% limit 1.131

levonorgestrel

AUC; ... N 14
Estimate 1.182
Lower 90% limit 1.040
Upper 90% limit 1.343

After statistical analysis for ethinylestradiol, equivalence was demonstrated with respect to AUC,.
» as the 90% CI for the estimated ratio of AUC,, (liraglutide/placebo treatment) was within the
pre-specified limits for equivalence, i.e. within 0.80 to 1.25.

However, for levonorgestrel, equivalence was not demonstrated with respect to AUCy., as the

90% ClI for the estimated ratio of AUC,., (liraglutide/placebo treatment) was outside the pre-
specified limits for equivalence. The estimated ratio of AUC,., (liraglutide/placebo treatment)
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was 1.18 and the 90% CI was 1.04 to 1.34; i.e. the levonorgestrel AUC,., was 18% higher during

liraglutide treatment.

2.5 General Biopharmaceutics

2.5.1 What is absolute bioavailability and di'sposition of Liraglutide?

On average the absolute bioavailability of liraglutide is around 55% following s.c. dose. This was
assessed from the comparison of AUCs from an IV dose of 5 pug/kg, given as 1 hour infusion to 5
subjects. These subjects were also given a s.c. dose of 5 pg/kg at a different occasion for AUC

comparison.

Table 23 Pharmacokinetic parameters of liraglutide after intravenous administration
Dose AUCq. AUC,, (A
ng’kg pmol*h/L pmol*h/L h
5 Mean 215674 211251 8.1
SD 42519 40520 -
*Harmonic mean '

Table 24 Absolute bioavailability (%) of liraglutide after subcutaneous administration
Dose Subject AUC AUC,, F
ueg'’kg pmol*h/L pmol*h/L %
5 Mean 134076 117244 55
SD 108073 93978 37
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Figure 28 Mean plasma liraglutide profiles after 5 ug/kg liraglutide given as 1 hour IV

infusion and as single SC administration

2.5.2 Is bioequivalence established between the to-be-marketed formulation and the Phase
3 trial formulation and how does it relate to the overall product development?

Throughdut the development of liraglutide, changes were made within chemistry, manufacturing
and control to give a more robust drug substance manufacturing process suitable for commercial
production. In addition, the drug product formulation and manufacturing process were gradually
modified to —

- . .of the liraglutide formulation 2, used in the trials NN2211- 1326, 1551
(phase 1) and 1310, 2072, 1499, 1571 (phase 2), a new formulation of liraglutide at pH 7.7
(formulation 3) was produced. The bioequivalence of liraglutide formulations 2 and 3 was
demonstrated in trial NN2211-1331. The liraglutide formulation 3 was produced at three different
pH (pH 7.7, 7.9 and 8.15), and their bioequivalence was demonstrated in trial NN2211-1636.
The liraglutide formulation 3 (pH 7.7) was used in trials NN221 1-1328, 1329, and 1334 (phase 1
and 2).
—_— liraglutide
formulation 4 (pH 8.15). Formulation 4 was found to be bioequivalent with formulation 3 in trial
NN2211-1693. Formulation 4 has been used in phase 3a trials in the EU and US.

In liraglutide final formulation 4, the drug substance manufacturing process was optimized and
the drug product manufacturing process has been up scaled from +———=—~ _ Final
formulation 4 is the formulation planned to be used in phase 3b trials and the formulation planned
to be marketed. The bioequivalence between the to-be-marketed and the Phase 3 trial
formulations was established in the definitive bioequivalence study (Study NN221 1-1692). This
was a randomized, double-blind, single-centre, two-period, cross-over trial designed to test for
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bioequivalence between the phase 3a formulation of liraglutide (formulation 4) and the phase 3b
formulation (final formulation 4).

Two single s.c. doses of liraglutide were administered to healthy male and female subjects in the
evening on two different occasions, separated by a 14 (+2) day wash-out period. The liraglutide
formulations, each in a dose of 0.72 mg, were given in the abdomen as a fixed volume of 120 pL
(12 clicks) from a FlexPen®. All subjects were administered liraglutide at approximately 9-10
pm. The rationale for evening administration was to utilize the pharmacokinetic profile of the
drug with Cmax at 10-13 h after administration. Serial blood samples for estimation of the
liraglutide plasma concentrations were drawn at Visit 2 and 3; before dosing at -30 and -15
minutes, and at 2, 4, 6, 8, 9, 10, 10.5, 11, 11.5,12,12.5, 13, 13.5, 14, 15, 16, 24, 36, 48 and 60 h
after dosing.

The summary of various bioequivalence assessments carried out for various stages of liraglutide
formulation development is presented in Table 25.

Table 25 Results of bioequivalence analysis from milestone BE evaluations including the
pivotal study (Study NN2211-1692) from original submission

Trial Estimate [90% CI}
ID Formulation Relative Relative Relative Difference Tmax
N (M/F) (Dose) AUCO-0 AUCO-t Cmax (h)
1331 Formulation 3 vs.  0.98 [0.92; 1.04] 0.98 [0.92; 1.04] 0.96 [0.89;1.04] -0.25 [-1.00; 0.25]
22 (13/9) 2(1 mg)
1636 Formulation 3
24 (13/11) (0.75 mg)
pPH7.9vs.pH7.7 0.94[0.90;0.98] 0.93[0.89;0.98] 0.93 [0.88;1.00] -0.75 [-2.00; 0.25]
pH8.5vs.pH7.7 1.02[0.98;1.07] 1.02[0.97;1.07] 1.02 [0.96;1.09]  -0.50 [-2.00; 1.00]
1693 Formulation 4 vs.  1.06 [1.00; 1.12]  1.06 {1.00; 1.13] 1.04 [0.95;1.13]  0.00 [-1.50; 1.00]
22(19/3) Formulation 3
(0.71 mg, s.c.) .
1692 Formulation 4 vs.  0.99[0.92; 1.07]  0.99 [0.92; 1.06] 1.02[0.91;1.14] -0.50 [-1.50; 0.75]
21(19/2) Final Formulation
(Original) 4 produced with
the final drug
substance
manufacturing
process
(0.72 mg, s.c.)

Based on the statistical analyses

* Liraglutide formulation 4 and liraglutide final formulation 4 were bioequivalent with
respect to the primary endpoints AUCq.and C,,s.
* The bioequivalence were also demonstrated for intermediate changes in the formulations.

While this review was being complied, the bioanalytical site for the pivotal bioequivalence study
(Study NN2211-1692) was audited by the Division of Scientific Investigation (DSI1). There were
serious deficiencies identified during the audit, and based on the conclusions of DSI review, the
reliability of analytical data and hence the study results became uncertain as the laboratory need
to re-assess the analytical data using an unbiased acceptance and rejection criteria for all
analytical runs. The DSI also cited serious deficiencies during the inspection of clinical site in
Lund University Hospital, Lund, Sweden. Two separate information requests were issued to the
sponsor for resolution of these issue for the BE evaluation. Division has also communicated its
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concern to the sponsor regarding the other clinical pharmacology studies for which, the same
laboratory has performed liraglutide assay. Please see DSI memos dated 02/18/2009 and
03/09/09 in DFS for further details.

Sponsor submitted their response to the information request letters (see 03/27/2009 and
03/30/2009 in EDR), and provided reanalysis of pivotal BE results and other clinical
pharmacology study results that were used to make labeling claims.

Prior to the review of the raw data, Sponsor decided to consistently adhere to the assay run
acceptance criteria set by - at the time of sample analysis.
Accordingly, the following objective acceptance criteria were used for evaluation of each
analytical run:

Acceptance criteria — Calibration curve:

* The mean (n=2) of the back-calculated calibrators shall be within +20% of the nominal
values, except for calibrators at concentrations <129 pmol/L, where the mean (n=2) of the
back-calculated calibrators shall be within +30% of the nominal values

* - A maximum of 3 calibration levels may be rejected

* No single calibrator determination can be excluded unless the mean of the double
determination is outside £30% (<129 pmol/L) or £20% (=129 pmol/L), and the CV% of
the double determination is >30%. The single determination excluded must be the
determination deviating most from the nominal value

* Exclusion of single determinations for calibrators were allowed where technical errors
were annotated the raw data

Acceptance criteria — QC samples:

* Maximally one mean QC sample from each QC level may have an inaccuracy greater
than £20% from the target value, and in total, no more than two out of six mean
determinations of QC-samples (2 x low, 2 x medium and 2 x high) may have an
inaccuracy greater than £20% from the target values

* Exclusion of single determinations for QC samples were allowed where technical errors
were annotated the raw data :

All assay runs not meeting the above criteria were rejected.

The results of the original (full data) and the revised BE analysis (based on the reduced data-set)
are summarized in Table 26 below.

Table 26 Summary of bioequivalence analysis for pivotal BE study 1692
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Based on the statistical analyses of reduced data set it can be concluded that

* Liraglutide formulation 4 and liraglutide final formulation 4 were bioequivalent with
respect to the primary endpoints AUCyand C,,y.

2.6  Analytical

2.6.1 Is the analytical method for Liraglutide appropriately validated?

The liraglutide assay was validated for analyzing liraglutide in plasma and serum samples in
terms of recovery, linearity, accuracy, precision and sensitivity.. The storage stability was
demonstrated for a maximum period of two years with no decrease in the measured liraglutide

concentrations. The presence of GLP-1/liraglutide antibodies decreased the response whereas the’

presence of haemolysis in the samples increased the analyzed liraglutide concentrations.
Liraglutide in plasma was analyzed using a specific enzyme-linked immuno-sorbent assay
(ELISA) that measured both protein bound and unbound liraglutide. The ELISA was a sandwich
immunoassay with two monoclonal antibodies directed against different epitopes on liraglutide.
The capture antibody, coated on the microtitre plate, was directed against the N-terminal part of
the amino acid chain. The detection antibody, labeled with biotin, was directed against the C-
terminal part. Cross-reactivity with native glucagon-like peptide-1 (GLP-1) was eliminated by
degradation of native GLP-1 by pre-incubation of the plasma sample for 4 hours at 37°C.
Liraglutide was shown to remain intact at these conditions.

Table 27 Summary of analytical method used for the CPB studies
Parameter Results Study 1D
Range pmol/L NNS20090
Recovery Within the limits of ~——— © NN99G0Y0
Dilution lincarity Dilution = -+ within the imits of NN9S9GO90
Intermediary precision % NN9OGOS0
Sensitivity LLOQ = 18§ pmol/L. NN9YGOS0

Limit of detection = 3 pmo¥/L.
Stability Frozen samples for 2 years NN993092
NN9YGO9H
Interference Presence of antibodies against GLP-1/iraglutide NN99G0Y

Occurrence of . in samples

LLOG: Lower limit of quantification

The ELISA assay was developed and validated by Novo Nordisk A/S. All analyses were
performed at Novo Nordisk A/S or* _ . A cross-validation
was performed to transfer the assay from Novo Nordisk A/S to

Antibodies against GLP-1 were shown to interfere with the ELISA assay. However, only very
few subjects in the phase 2 and 3 trials had GLP-1/liraglutide binding antibodies, and the
antibody levels in these subjects were low, suggesting that bias due to interference from
antibodies is limited. Another source of potential interference with the assay was ——____in
the samples which has been shown to increase the measured concentrations. . . samples
were, however, excluded from the pharmacokinetic assessments.
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4.2 Individual Study Reviews

‘ 4.2.1 Initial PK and Tolerability Study in Healthy Subjects

Single Dose (NN2211-1 149):

Title of Trial A randomised, double-blind, placebo-controlled, dose
escalation trial of single doses of NNC 90-] 170 to assess
tolerability, pharmacokinetics, pharmacodynamics and
absolute bioavailability in healthy male subjects

Trial ID NN2211-1149

Development Phase

1

Generic Name

NNC 90-1170

Indication Type-2 Diabetes
Investigator Paul Rolan, MD, FRACP, FFPM
Trial Site Medeval Ltd

Skelton H.Quse
Manchester Science Park
Lloyd Street North
Manchester M15 6SH

Trial Initiated

25 March 1999

Trial Completed

20 December 1999

Sponsor

Health Care Development
Novo Nordisk A/S

Novo Allé :
2880 Bagsveerd, Denmark

International Trial
Manager

Grethe Jakobson, MSc, Novo Nordisk A/S

International Clinical
Trial Manager

Boldil Elbrend, MD, Novo Nordisk A/S

Local Trial Manager

Michaela Viel, Novo Nordisk

Statistician

Soren Larsen, MSc, Novo Nordisk A/S

Report Writer

Medeval

Report Date

10 August 2000

Title of Study: A randomized, double-blind, placebo-controlled, dose escalation trial of single

doses of NNC 90-1170 to assess tolerability, pharmacokinetics, pharmacodynamics and absolute

bioavailability in healthy male subjects

Objective:

NDA 22-341 (Liraglutide) OCP Review

80

b{4)



Primary Objectives:

® To assess the safety and tolerability (maximum tolerated dose) after ascending 8 s.c.
single doses from 1.25 pg/kg up to 20 ug/kg of NNC 90-1170 and after a single i.v. dose
of Spg/kg.

* To assess the pharmacokinetic profile at all dose levels following s.c. administrétion and
following 5 pg/kg i.v. administration. The absolute bioavailability of 5 pg/kg s.c. dose
was estimated using the i.v. data.

Secondary Objectives:

* To assess the pharmacodynamics of NNC 90-1170 using an intravenous glucose
tolerance test (IVGTT).

* To evaluate the effect of NNC 90-1170 on diuresis and serum leptin concentrations at all
dose levels.

Methodology:

This was a single-centre, randomized within dose group, double-blind, placebo-controlled,
parallel groups dose-escalation trial of 8 subjects at each dose level (6 active, 2 placebo). NNC
90-1170 and placebo were administered as single s.c. doses of 1.25 pg/kg up to 20 pg/kg with
subjects receiving the dose level 5 Hg/kg s.c. in addition received, after a wash-out of at least 7
days, a single i.v. dose of 5 pg/kg, or corresponding placebo. In addition, three subjects at each
dose level (2 active and 1 placebo) received an IVGTT for 2 hours, starting approximately 9
hours post-dosing.

Number of Subjects (Planned and Analyzed):

Sixty-four (64) healthy male subjects were planned for inclusion. Seventy-two (72) were
randomized following the repeat of the 1.25 g/kg dose level. All 72 subjects completed the trial.
Healthy male volunteers of any ethnic origin between 18 and 45 years of age, inclusive were
included in the study.

TEST PRODUCT, DOSE AND MODE OF ADMINISTRATION, BATCH NUMBER

NNC 90-1170, 5 mg/ml provided in 1.5 ml PenFill® cartridges for subcutaneous injection (Batch
No. 317901) was used.

Pharmacokinetic Assessment:

Following assessments were made: Forty-eight (48) hour NNC 90-1170 profiles and 24-hour
glucose, insulin, glucagon, leptin and diuresis profiles in all subjects and 2-hour profiles for
glucose and insulin in subjects receiving IVGTT between 9 and 11 hours post-dosing.

Safety:

Blood glucose measurements, adverse events, clinical laboratory tests (haematology,

biochemistry, urinalysis), physical examination, vital signs including temperature, blood pressure,
pulse and ECG.
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Statistical Methods:

NNC 90-1170 Pharmacokinetics: Non-compartmental analysis was performed and the primary
endpoint AUC,.,, and the secondary endpoints Cpuy, tmax, Az and Vz/F (Vz following i.v.) were
derived from the 48-hour plasma profiles. Except for ty,, all parameters following s.c.
administration were logarithmically transformed prior to analysis and then subjected to an
analysis of variance (ANOVA). Following back-transformation, estimated least squares means
for each dose level with corresponding 95% confidence intervals (CI) were calculated. ty,, was
subjected to non-parametric analysis using Wilcoxon test. Dose proportionality was assessed for
AUCo., and Cp, by performing regression analysis on log transformed parameter and log-
transformed dose. An estimate of the slope of the regression line and corresponding 95% CI were
calculated and dose proportionality was assumed if the slope was not statistically significantly
different from unity.

Pharmacokinetic:
NNC 90-1170 Pharmacokinetics

‘llustrated below are mean plasma concentration time profiles following 8 s.c. doses of NNC 90-
1170 as well as following a 1-hour i.v. infusion and s.c. administration of 5 ug/kg.
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The absolute bioavailability for the 5 ug/kg s.c. dose was 55%. The statistical analysis showed a

dose-proportional increase in Cpax and AUC,.., for doses between 2.5 and 20 ug/kg, but not when
data from the 1.25 pg/kg dose level are included.

Results of dose proportionality assessment for C .. and AUC,...
using data from all dose levels '

Parameter Slope* Lower Upper p-value
95% CI 95%CL

Coraze 1.283 1.1868 1.39¢% 0.00002

AUC,.., 1.263 1.153 1.374 4.006003

“Slope- iz different from unity based on 95% T and p-value.

Results of dose proportionality assessment for C,,,x and AUC..

excluding individual Cy.x and AUC... from the 1.25 pg/ke dose
level

Parameteyr Slope* Lower Upper p-valus
95% CI 95%C1
Cirax 1.074 0.912 1.237 0.256
AUC,.. 1.091 0.943 1.239 8.181

*Slope is not significantly different from unity based on 95% CI
and p-value,

Safety Results:

A higher proportion of the subjects had AEs following the various doses of NNC 90-1170 (50-
100%) than placebo (39-50%). Most of the AEs at all dose levels were related to the central and
peripheral nervous system (dizziness and headache) following NNC 90-1170 (17-67%) and
placebo (28%). All 6 subjects receiving 20 ng/kg NNC 90-1170 experienced gastrointestinal
system disorders. The vast majority of the adverse events were mild with probable or possible
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relation to NNC 90-1170. There were no SAEs and no AE related withdrawals. There were three
adverse events of severe intensity which were headache, nausea and vomiting, one was following
20 pg/kg NNC 90-1170 and two following placebo.

Sponsor’s Conclusions:

¢ The absorption of NNC 90-1170 following s.c. administration was slow reaching a
maximum approximately 9-12 hours post-dosing.

¢ The increase in Cp, and AUC., of NNC 90-1170 was dose-proportional in the
investigated dose range of 2.5-20 pg/kg s.c., but not when including data from the 1.25
ng/kg dose level.

e The absolute bioavailability of s.c. NNC 90-1 170 was calculated to be 55% at 5 pg/kg.

e For glucagon, the overall and within dose analysis of active versus placebo for all
subjects and for subjects receiving IVGTT only, showed no statistically significant trend
towards a difference.

* For glucose, the overall analysis of the active versus placebo in all subjects showed a
trend towards lower average glucose levels following active treatment (p = 0.0538 for
AUC9-11, Glucose/2 and p=0.0658 for AUCO0-9, Glucose/9). However, there was no
trend towards a difference in subjects receiving IVGTT.

* For insulin, the overall analysis of active versus placebo in all subjects showed no trend
towards a difference. However, in subjects receiving IVGTT there was a clear trend
(overall and with dose levels) towards higher insulin levels following active treatment.

e Serum leptin levels were not significantly affected by NNC 90-1170, compared to
placebo, at any of the dose levels.

* In general, diuresis was not significantly affected by NNC 90-1170, compared to placebo,
at any of the dose levels.

e There were no SAEs and no adverse event related discontinuations or withdrawals.

e There were no safety concerns for single doses up to the 17.5 pg/kg dose level.

e AEs were more frequent and intense at the 20 pg/kg dose level and this dose level was
poorly tolerated.

e Hence, a single s.c. dose of 17.5 pg/kg was the maximum tolerated dose of NNC 90-1170
in healthy male volunteers.

Reviewer’s Comment:

Overall, the study conduct and assessments were appropriate and the concentration data was
supported by the analytical method. However, sponsor reported in another PK study in Japanese
subjects that there was 10% degradation of the active ingredient in the formulation used for the
study. Hence, the CL/F and V/F values were not reliable from this study, though it did not affect
the dose-proportionality assessment. There were no other major protocol violations affecting the
study outcome. The sponsor’s conclusions regarding the other PK parameters (Cmax, AUC, t)
are reasonable from a clinical pharmacology perspective.
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Single and Multiple Dose (NN2211-1189):

TITLE OF TRIAL

A Randomised. Double-Blind, Placebo-Controlled, Dose Escalation, Parallel-Group, Single and
Multiple Dose Trial of NNC 90-1170 in Healthy Volunteers and Patients with Type 2 Diabetes to
Assess Tolerabifity, Pharmacokinetics and Pharmacodynamics

INVESTHGATOR
Paul Rolan, MD_ FRACP. FIFPM

TRIAL SITE
Medeval Ltd. Skelton House, Manchester Science Park, Lloyd Street North, Manchester M13 65H,
UK

PUBLICATIONS

None

TRIAL PERIOD DEVELOPMENT PHASE
4 Aungust 1999 till 23 December 1999 Phase |
OBJECTIVES

Healthy Volunteers and Type 2 Diabetic Patients:

Primary Objectives

s To assess the safety and tolerability after single and multiple s.c. doses of NNC 90-1170 in
healthy volunteers and in patients with Type 2 diabetes

Sceondary Objectives

e 10 assess the multiple dose pharmacokinetics of NNC 90-1176

» To evaluate the effect of NNC 90-1170 on diuresis and leptin plasma concentrations in all
subjects at all dose Jevels

*  To assess the effect of NNC 90-1170 on calorie intake and evaluate changes in body mass index
and weight

* To assess antibody production against NNC 90-1170; and I1gE levels following NNC 96-1170

Type 2 Diaberic Patients:

o To assess the pharmacodynamics of NNC 90-1170 in Type 2 diabetic patients only, by
measuring plasma glucose, glucagon and insulin profiles on Days 1.5, 8 and 11, and performing
an IVGTT at expected C),,c of NNC 90-1170 on Day 0 (baseline), Days 5 and 11

Healthy Volunteers:
o To assess the effect of NNC 90-1170 on msulin and glucose levels in healthy volunteers.

METHODOLOGY

This was a single-centre, randomised within dose group, double-blind, placebo-controlied, parallel-
groups dose-escalation trial, with initial single, and subsequent multiple s.c. doses of NNC 90-1170 to
subjects at five levels (1.25.5,7.5, 10 and 12.5 ne'keg). Twelve subjects were 1o be enrolled at each dose
level, divided into 6 healthy volunteers and 6 Type 2 diabetic patients, randonused within the group at an
active:placebo ratio of 2:1. Each subject was allocated to one dose level only. At cach dose level NNC
90-1170/placebo were administered as single and multipe s.c. doses. Following single dose
administration on Day 1, initiation of once daily multiple dosing started on Day 5 and continued for 7
consecutive days. In Type 2 diabetic patients only, a baseline intravenous glucose tolerance test
(IVGTT) was performed on Day 0 at each dose fevel, when no drug was administered, and subsequent
IVGTTs were performed 9 hiours following dosing on Days 5 and 11

NUMBER OF SUBJECTS PLANNED AND ANALYSED

Healthy Voluuteers:

Thirty (30) subjects were enrolled in the study, 6 at each dose level {4 active and 2 placebo). Three
subjects on active treatment were withdrawn due to adverse events following the start of repeated
once daily administration (Days 5-11). Only data from subjects dosed and exposed to trial product
on all study Days 1 and 5-11 were included in the pharmacokinetic and pharmacodynamic statistical
analvsis. All subjects were included in the safety analysis
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Type 2 Diahetic Patients:

Four subjects were enrolled in the study, 3 at the 1.25 pgrke dose level (2 active and 1 placebo) and
| at the 5 pg/ke dose level (placebo). Three rather than 6 patients were included at the 1.25 pg/kg
dose level due to recruiunent difficulties. One subject on active and another on placebo at the 1.25
rg/ka dose level were withdrawn due to adverse events and hyperglycaemia, regpectively. Data
from all patients were included in the safety analysis and from the remaining 1 patient on the 1.25
ng/kg and another on the 5 pgikg dose levels in the pharmacokinetic apalysis. Data was not
subjected to any statistical analysis.

DPIAGNOSIS AND MAIN CRITERIA FOR INCLUSION
Healthy male and female volunteers of any ethnic origin aged 18-45 years, inclusive, and male and
female subjects diagnosed with Type 2 diabetes of any ethnic origin aged 40 - 70 vears, inclusive,

TEST PROBUCT, DOSE AND MODE OF ADMINISTRATION, BATCH NUMBER
NNC 90-1170, 5 mg/ml provided in 1.5 mi PenFill” cartridges for subcutaneous injection of 1.25, 5,
7.5, 10 and 12.5 ug/ke dose levels. Batch No. 317901,

DURATION OF TREATMENT

Subjects received single (Day 1) and repeated once daily s.c. administration (Days 5-11) of either
NNC 90-1170 or matching placebo and were followed-up between 1-2 weeks after dosing for check-
up. In additien, Type 2 diabetic patients received IVGTT over 2 hours on Day 0, when no drug was
administered, and starting approximately 9 hours post-dosing on Days 5 and 1.

REFERENCE THERAPY, DOSE AND MOBE OF ADMINISTRATION, BATCH NUMBER
NNC 90-1170 injection medium, provided in 1.5 ml PenFill” cartridges for subcutaneous injection.
Batch No. 317903.

CRITERIA FOR EVALUATION -~ EFFICACY
Healthy Volunteers

o Eighty-four (84) hour NNC 90-1170 profiles following dosing on Days 1 and 1 1.
* 24-howr glucose and insulia profiles following dosing on Days 1 and 11.

* 10-hour leptin profiles following dosing on Days 1, 4 and 10.

L

Daily caloric intake on all study days and body weight on Days 0 and 14.

Type 2 Dichetic Patients

e Eighty-four (84) hour NNC 90-1170 profiles following dosing on Days 1 and 1.

® l6-hour glucose, glhuicagon and msulia profiles following dosing on Days 1, 5, 8 and 11

e 16-hour lepiin profiles following dosing on Days 1, 4 and 10,

e 2-hour glucose, glucagon and insulin profiles on Day 0 (baseline) and Days § and 11 following
receiving IVGTT between 9 and 11 hours post-dosing.

o Daily caloric mtake on all study days and body weight on Days 0 and 14.

CRITERIA FOR EVALUATION - SAFETY

Bleod glucose measurements, adverse events, clinical laboratory tests (haematology, biochemistry,
urinalysis), physical examination, vital signs including temperature, blood pressure, pulse, ECG, 24-
hour diuresis (Days 1, 4 and 11) and antibody levels agamst NNC 90-1170 in all pharmacokinetic
samples.

STATISTICAL METHODS

®  NNC 90-1170 Pharmacokinetics

Non-compartmental analysis was performed and the primary endpoints AUC, 2, and AUC,..., the
secondary endpoints Cuy, oy and A,. and the accumulation ratio (Ry=AUCqw pa YAUC...) were
derived following dosing on Days 1 and 11 '

For healthy volunteers only, AUC g2, AUCq, Cogss A, and Ry, were logarithmically translonned
prior to analysis and then subjected 0 ANOVA. Following back-transformation, estimated Is-means
for each dose Jevel with corresponding 95% C1 were caleulated. T, was subjected to non-
parametric analysis and median values were obtained. Dose proportionality was assessed for AUC,.
i AUCs.. and ., excluding data from the 1.25 pg/ke dose level, and an estimate of the slope of
he regression line and corresponding 95% Cl were caleulated. Dose proportionality was seen if the
slope was not statistically significantly different from unity. Linearity in the pharmacokinetics was
assessed statistically for the ratio of AUC,24 pa 1/AUC . pa 1 - UsIng two-sided t-test, where the nuil

T

—
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hypothesis was that the ratio should not be statistically significantly different from unity.

¢  Pharmacodynamics

Healthy Volunteers

24-hour profiles of glucose and msulin on Days 1 and 11 were subjected to non-compartmental
analysis. The AUC, ., values on Days 1 and 11 were included in the statistical analysis following
log-transformation. A comparison between a) the actively treated healthy volunteers and the
corresponding placebo treated ones for Days 1 and 11 separately and combined and b) Day 1 against
Day 11 was performed. An ANOVA was carried out and estimated ls-means ratios for each dose
level with corresponding 95% CI was caleulated.

Healthy Volunteers and Type 2 Diabetic Patients

For leptin, the AUC,. s values on Days 1, 4 and 10 were inchuded in the statistical , following log-
transformation. A comparison hetween the actively treated healthy volunteers and the corresponding
placebo treated ones was made. The Day 4 profile served as the baseline, the profiles on Days 1 and
10 represented respectively the single and multiple dose effect. An ANOVA was carried out and
estimated Is-means ratios {or each dose fevel with con responding 95% CI were caleulated.

Type 2 Diabetic Patients

16-hour profiles of glucagon, glucose and insulin on Days 1, 5, 8, and 11 and profiles between 9 and
11 hours on Days 0. 5 and 11, immediately following glucose challenge, were subjected to non-
compartmental analysis. AUC, 5 and AUC,.,; were computed and average glucose, insulin and
glucagon levels on Days 1, 5, 8, and 11 were caleulated as AUCy /16 and on Davs 0, 5 and 11 as
A Uc‘)— il ‘gllwosejz .

®  Diuresis
The 24 b diuresis on Days 1, 4 and 11 from hea lthy volunieers were S\lbju,(t.d to an ANOVA and
estimated differences in Is-means for each dose level with corresponding 95% CT were calculated,

¢ Caloric Intake and Body Weight
The daily caloric intake was calculated for all study days. Body we sight was compared between
active and placebo, as an overall and within each dose level.

Due to the small number of patients exposed to NNC 90-1170 data from patients were not subjected
to any of the above statistical analysis.

EFFICACY RESULTS

¢ NNC 90-1170 Pharmacokinetics

Hlustrated below are mean plasma concentration time profiles followi ing single and repeated once
daily s.c. administration of NNC 90-1170 to healthy volunteers. Mean +SD pharmacokinetic
parameters (only AUC, AUCq.4, Ciay, Uy and &) following the 7.5, 10 and 12.5 Ug'kg doses are
summarised below:
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Day Parameter 7.5 ug/kg 10 ug/kg 12.5 ng/kg
1 AUC {h-nmol/l} 149 & 23 245 + 43 254 + 7%
AUC; .2 (h-mmol/1) 86 * 32 138 + 26 152 * 46
Ceax (nMOL/1) 6 + 3 g+ 1 ¢+ 3
14 & 7 12 % 6 11 4 1
12.4 12.8 11.%
11 AUC {(h-nmol/l} 216 % 54 351 % 690 361 % 122
AUCsz¢ (h-nmol/l) 138 + 32 225 & 33 247 % 890
Cran (MUO1/1) 8 £2 i1 %2 14 % 4
Caans {11} 10 % 0 11 %1 10+ 2
ty* 1h) 12.4 i2.8 129
*harmonic mean.

The stanistical analysis showed a dose-proportional increase in Cpy . AUCq 5 and AUC,.., following
single and repeated once daily s.c. administration of doses between 5-12.5 pe/kg to healthy
subjects. There was small, but statistically significant, accumulation (R,g=1.4-1.5) of NNC 90-1170
following repented once daily administration, except for the 5 pg/kg dose level. The ratio of steady-
state AUC a4 gy 1 AU Chu iy 1 Was not statistically significant from unity (p=0.096), indicating
linear pharmacokinetics of NNC 90-1170 following repeated s.c. administration.

Data were available from just two Type 2 diabetic patients, but they seemed to be in accordance with
what was observed for the healthy subjects.

Day 1
15000 4
=
g 10000 +
= £, -~ .25
o K .
£ d o5
o
*E e TS
@O
2 5000 + - 10
8 - 125
0 i B A —er . y
0 12 24 36 48 60 72 84
Time {hr}
Day 11
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Pharmacoedynamic Endpoints

Healthy Subjects

There was a slight. but inconclusive. increase in insulin AUC,.», and subsequently a decrease in
glucose AUC,.», with an increase in exposure to NNC 90-1170 (i.e., an increase in AUiCo.q, for
NNC 96-1170) following both single and multiple s.c. administration.

Statistically, there was no significant trend towards a difference between active treatment and
placebo in glucose AUCq.24, except lower AUCq.2 Tor the 10 paike dose level. Within dose level
comparison showed no trends towards a difference except a higher insulin AUC,.;4 following
active treatment for the 12.5 nefke dose level on Day 1 only.

Statistieally, there was no overall significant trend towards a difference between active treatment
and placebo in insulin AUC,.0,, except lower AUC,., for the 12.5 pg/kg dose level and
contradictory higher AUC., for the 3 pa/ka dose level. Within dose level comparison, there
was no signtficant rend 1owards a difference between active treatment and placebo in AUCq.»,
following single (Day 1) and multiple (Day 1) s.c. dosing, except on Day 1 for the 12.5 pgike
dose level where AUC, 5y was lower following active treatment and on Day 11 for the 5 pa/kg
dose level where AUy, was higher tollowing active treatment.

For leptin, there was no overall trend towards an effect except statistically significantly lower
AUC, ;s tollowing active weatment for the 12.5 ppikg dose level, There was no statistically
significant trend towards a difference between active treatment and placebo except on Day 10 for
the 12.5 ng’ke dose level where AUC 6 for active treatment was significantly lower than
placebo.

There was no overall statistically significant difference between active and placebo in body
weight. However, there was an overall trend towards an increase in body weight following active
treatment for the 10 pa/kg dose level only (p=0.002), with a statistically significant trend towards
higher body weight following active treatment on Days 0 and 14,

The above finding in healthy subjects should be viewed with great caution due o the small
nmumber of subjects receiving either active treatment or placebo at each dose Jevel.
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Type 2 diabetic patients

s No conclusion could be drawn regarding insulin, glucose, glucagon and leptin due 1o limited data
obtained in this population.

SAFETY RESULTS

» Adverse Events

A higher proportion of the subjects had AEs following NNC 90-1170 (91%) than placebo (75%).
Most ALs were central and peripheral nervous system disorders (dizziness and headache) following
both active treatment and placebo and decreased appetite and somnolence, mainly following active
treatment.  Thirteen of the 22 subjects on active treatment at all dose levels experienced
gastrointestinal system disorders, mainly decreased appetite and nausea, as compared 10 5 of the 12
placebo subjects. The vast majority of all adverse events were of mild intensity with probable or
possible relation to NNC 90-1170, particularly nausea. There were two severe adverse events, one
case of hyperglycaemia in a Type 2 diabetic patient following 1.25 pg/kg NNC 90-1170 and another
of pharyngitis in a healthy subject following 7.5 pe/kg NNC 90-1170.

Four subjects were withdrawn due to AEs, all occurring during the multiple dose phase of the study
(Days 3-11): one healthy subject with mild-to-moderate dizziness and one Type 2 diabetic patient
with severe hyperelycaemia and polydipsia at the 1.25 ng/ke dose level, one healthy subject with
mild nausea, dizziness, headache, appetite decrease and dry mouth at the 7.5 pg/kg dose level and
another with moderate navsea and diarrhoea at the 10 ng/kg dose level.  All subjects withdrawn
were receiving active treatment. None of the adverse cvents were serious and the randomisation was
not broken due to these AEs related withdrawals. One Type 2 diabetic patient receiving placebo at
the 1.25 pg/ka dose level was withdrawn because of hyperglycaemia. Subjects either recovered or
were with mild intensity of AEs when they were discharged from the clinical unit. There were no
deaths in the study.

* Clinical Laboratory Tests .

There was no indication of an impact of NN 90-] 170 on haematology, biochemisury and urinalysis.
*  Vital Signs, Physical Examination and ECG

There were no changes in vital signs. including BP, pulse, temperature and respiratory rate. There
wete no changes of clinical significance in physical examination findings. As judged by the
tvestigator there were no changes of elinical significance in ECG evaluation,

o

*  Diuresis

Overall, there was a general trend towards lower diuresis following active treatment.

& Antibodies against NNC 90-1179

All samples from healthy volunteers and Type 2 diabetic patients were tested negative for antibodies
to NNC 90-1170 following sinale or repeated s.c. administration of NNC90-117 at all dose levels.

CONCLUSIONS

»  Neither the safety, 1olerability, pharmacokinetics por pharmacodynamics of NNC 90-1170 could
be assessed in Type 2 diabetic patients due to the small number of patients enrolled in the study.

s There were 4 AE-related withdrawals duc to trial product, ail occurring during the multiple dose
phase of the study (Days 5-11). One healthy subject due to mild-to-moderate dizziness and one
‘Type 2 diabetic patient due to severe hyperglycaemia and polydipsia, both at the 125 parke
dose level. One healthy subject experienced mild central and peripheral nerves system disorders
atthe 7.5 pg/kg dose level and another moderate nausea and diarrhoea at the 10 pgfkg dose
level.

* Based upon adverse AEs, clinical laboratory results, vital signs, physical examination, ECG,
divresis and antibodies against trial product, the satety of NNC 90-1170 following single and
repeated once daily s.c. administration was acceptable in healthy subjects.
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*  The tolerability of NNC 90-1170 in healthy subjects was difficult to assess due 10 variation in
adverse events between the examined dose levels.

¢ A dose proportional exposure was demonstrated for AUC and Cpy in healthy subjects,
mdicating that linear kinetics applies in the dose range studied, with a slightly significant
accumulation of NNC 90-1170 foliowing once daily s.c. repeated administration. Only limited
data were available from Type 2 diabetic patients, but they seemed to be in accordance with
what was observed for healthy subjects.

¢ Overall, there was no statistically significant difference between active treatment and placebo
for body weight in healthy subjeuts.

»  The statistical analysis showed no conclusive trend towards an effect of NNC 90-1170 on
insulin, glucose and leptin levels in healthy volunteers. In Type 2 diabetic paticnts there were a
small number of subjects at cach dose leve} and thus no conclusion could be made on any of the
pharmacodynamic effects of NNC 90-1170 in this population.

Reviewer’s Comment: The study assessments were exploratory and can only be used to
determine trends as it was conducted in small number of subjects/dose group. The PK data on
two Type 2 DM subjects evaluated in the study is preliminary and inconclusive.
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4.2.2 Mass-Balance Study (NN2211-1699)

Title: A Single-Centre, Open Label Trial Investigating the Metabolites in Plasma, Urine and
Feces after a Single Subcutaneous Dose of ["H]-Liraglutide to Healthy Subjects

Investigator and Study Center(s):
Jan J. Van Lier, MD, Pharmaceutical Research Associates Group
B.V., Zuidlaren, Netherlands

Trial Sites
Pharmaceutical Research Associates Group B.V.,
Zuidlaren, The Netherlands

Study Sponsor:
Novo Nordisk A/S, Denmark

Bioanalytical Analysis:

_ b{4)
_—

STUDY PERIOD: 15 November 2006 (Trial Initiated) to 17 December 2006 (Trial
Completed)

Objective:

The primary objective of this study was to characterize the metabolic profile of liraglutide in
plasma, urine and faeces after a single s.c. injection of [’H]-liraglutide, and to estimate the total
tritium and tritium-labeled compound and metabolites excreted in urine and faeces.

The secondary objective of the study was to
* To determine the pharmacokinetic profile of liraglutide in plasma.
+ To determine the distribution of [*H]-liraglutide in whole blood versus plasma.
« To assess the safety of liraglutide after a single s.c. injection of [*H]-liraglutide.

Rationale for the Trial:
The rationale of this trial was to investigate the profile of liraglutide metabolites in plasma, urine
and feces after s.c. administration in healthy subjects.

Study Design:

The trial was a single centre, open label trla] mvestlgatmg the liraglutide metabolite profile in
plasma, urine and feces in healthy subjects given [*H]-liraglutide. A single dose of 0.75 mg
liraglutide (containing 12.0 MBq) was given as a s.c. injection in the abdomen. Plasma was
collected for 4 elimination half-lives (approximately 60 h) of liraglutide, and urine and feces were
collected until excreted levels of tritium ([’H]) reached the end criteria level of 1000 dpm/g in
pooled 24-hour samples, or until a maximum of 14 days post dose.

The subjects attended a minimum of 3 visits, a screening visit, a dosing visit and a follow-up
visit. For subjects not fulfilling the end criteria of 1000 dpm/g at the last day of the in-house
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dosing visit, one more visit were to take place before the follow-up Visit. The total trial duration
for the individual subject was a maximum of 5 weeks,

At Visit 1 (screening), the eligibility of the subjects was assessed. Visit 2 (dosing), occurred
within 3 weeks from Visit 1. At Visit 2, administration of [*H] liraglutide was performed on Day
1, and subjects stayed in-house at the clinic for 10 days post dose for collection of plasma, urine
and faeces samples. Quick counts were measured in urine and feces from Day 5 onwards. If the
excreted levels of radioactivity had not reached the end criteria before discharge at Day 10 post
dose, the subjects were to continue to sample urine and feces at home until the end criteria were
met or until Day 14 post dose, whichever came first. If applicable, the subjects were asked to
attend the clinic for Visit 3 (extra visit) at Day 12 post dose to bring in samples for quick counts.
At Visit 4 on Day 14 post dose, follow-up was carried out for all subjects.

Blood samples were collected for analysis of total liraglutide concentration in plasma
(radiolabelled and unlabelled compound). Blood samples were drawn at 15 time points during
Visit 2 (baseline (within -30 to -15 min pre-dosing) and at 2, 4, 6, 8, 10, 11, 12, 13, 14, 16, 24, 36,
48 and 60 h post dose). Urine was sampled at baseline, 0-4, 4-8, 8-12, 12-24 h post dose and then
at 24 h intervals until End of Trial (Day 10 on Visit 2, or until reaching end excretion criteria
level at Day 12 or until Day 14 post-dose). Feces were sampled at baseline and at 24 h intervals
until End of Trial (Day 10 on Visit 2, or until reaching end excretion criteria level at Day 12 or at
Day 14 post dose). :

Study Population:

A total of 7 subjects were exposed to trial product and all subjects completed the trial. All
subjects were male, between 47 and 60 years of age and with BMI between 22.7 and 27.0 kg/m’.
Table 1 below shows the demographics of the enrolled patients.

Investigational Product and Dose Selection:

The maximum radiation dose of [3H]—]iraglutide to be given in this trial was calculated to be 325
nCi which, given the specific radioactivity of the radiolabelied compound, corresponded to
approximately 0.025 mg liraglutide or approximately 3% of the active pharmaceutical ingredient.
Hence, to obtain a total dose of 0.75 mg liraglutide in this trial, a mixture of [SH]-liraglutide and
unlabelled compound was required.

Labeled and Unlabeled Liraglutide
The following trial products were supplied by Novo Nordisk A/S, Denmark:
. [3H]—Liraglutide (47 pg/mL, 828 nCi/mL) at pH 8.15 in liraglutide 3 mL Penfill®
injection medium.
* Unlabelled liraglutide (6.0 mg/mL) at pH 8.15 in pre-filled 3 mL Penfill® cartridges for
s.c. injection,

~ Table 2: Batch number of product used in this trial

Trial Product Concentration Bateh Number Expiry Date

[‘ZH]-Liragluticie Radiochemical: 828 uCi/mL 20WW 14 December 2006
Chemijcal: 47 pg/mL

Liraglutide 6.0 mg/mL RQ30575 29 March 2007
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The final formulation of the trial product was manufactured at the trial site by mixing labeled and
unlabeled liraglutide injection solutions followed by sterile == of the mixture. The final
formulation was injected s.c. by a standard syringe and needle no later than 4 h after sterile

———

Table 1: Baseline Demographics of Study Population.

Sex (W (%))

Males T o{ 100%)
Ethnic Oorigin (8 (%))
White 5 (71.4%)
Black or African American 1 (14.3%)
Agian 1 (14.3%)
Lga (Y]
N 7
Mean ' 56.6
sD 4.5
Median 57.0
Min 47 .0
Max 60.0
Height (m)
1 7
Mean 1.73
So .07
Median 1.74
Min 1.64
Max 1.85
Weight i{kg)
2} 7
Mean 74.5
SD 2.4
Median 71.1
Min 54 .0
Max 28.7
BMI {kg/m2)
N ) 7
Mean 24.7
‘ST 1.7
Median 24.5
Min 22.7
Max ' 27.0

Bioanalysis:

Quantitative assessment of liraglutide was done using enzyme immunoassays (ELISA). The
lower limit of quantification of the assay was 18 pmol/L. The calibration curves were analyzed at
liraglutide concentration range of 20 pmol/L to 5521 pmol/L. The precision of the assay, as
determined from analysis of quality control samples ranged between —— - ~ - - . The mean
accuracy (% Bias) ranged between .—— - Between-batch precision (%CV) results of the
calibration standards of liraglutide was less than or equal to 6.4 % and accuracy (%Bias) ranged
from - =———————— Analysis *H-radioactivity levels in human plasma, whole blood, urine and
feces samples as wet samples and as reconstituted freeze dried samples was conducted by means
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of validated liquid scintillation counting methods. Metabolite profiling analyses of plasma, urine
and feces samples were analyzed by means of HPLC and radiochromatography.

Results:

Metabolite Profile of Liraglutide in Plasma, Urine and Feces

The samples from plasma, urine and feces were analyzed by means of HPLC and
radiochromatography.

Plasma

In plasma, 3 peak components were detected in the radiochromatography analyses. Liraglutide
(mean Rt 37.7 min) was the major component at all time points from all subjects and in addition
two metabolites P1 and P2 (mean Rt 39.7 and 43.2 min, respectively) were detected. The
retention times relative to liraglutide (RtR) were 1.05 for P1 and 1.15 for P2. The exposure levels
(2-24 h) for P1 and P2 were estimated from relative peak areas in pooled plasma to be <9% and
<5% of the total exposure (respectively).

Urine and Feces

No unchanged liraglutide was detected in urine or feces. In urine, three peak components (U1, U2
and U3) were detected in the radiochromatography analyses. U1 was the major component in the
urine and was excreted in average as 3% of the administered radioactivity. Ul (Rt 3.4 min) was
detected in all subjects, U2 (Rt 4.2 min) was detected in 5 of 7 subjects and U3 (Rt 12.9 min) was
only detected in 1 subject.

In feces, three peak components (F1, F2 and F3) were detected in the radiochromatography
analyses. The peaks were close to the detection limit, thus no quantitative data were generated.
The total excreted levels were 3-5% of the administered radioactivity.

Excretion of Radioactivity in Urine and Feces
Mean cumulative excretion is presented graphically for urine in Figure 1, for feces in Figure 2

and for urine and feces in Figure 3.

Figure 1: Mean cumulative excretion of radioactivity in Urine
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Figure 2: Mean cumulative excretion of radioactivity in Feces
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Figure 3: Mean cumulative excretion of radioactivity in Urine and Feces
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In excreta continuously collected until Day 14, 26.3% of the total radioactivity was excreted in
urine and feces, 20.1% in urine and 6.2% in feces (as based on the wet samples). A total of 11.5%
of the dosed radioactivity was excreted as non-volatile liraglutide-related metabolites, 6.4% in

urine and 5.1% in feces and 14.8% was excretéd as volatile components (13.7% in urine and
1.1% in feces).
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Pharmacokinetics Results:
The mean plasma concentration time profile of liraglutide is shown in Figure-4.

Figure 4: Mean Plasma profile of liraglutide by formulation-linear scale

Liraglutide concentration (prnol/L)

The summary of pharmacokinetic parameters of liraglutide is presented below in Table-3

Table 3: Summary of Pharmacokinetic Parameter of Liraglutide.
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Distribution of Liraglutide in Blood and Plasma:
The ratio between total radioactivity in blood versus plasma is displayed in Figure 5 (wet
samples) and Figure 6 (dry samples). The mean ratio between the total radioactivity in blood

versus plasma was around 0.6 thus indicating that liraglutide was primarily distributed in plasma.

Figure 5: Mean Total Radioactivity Ratios in Blood versus Plasma (Wet Sample).
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Figure 6: Mean Total Radioactivity Ratios in Blood versus Plasma (Dry Sample).
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Metabolite Profile of Liraglutide in Plasma, Urine and Feces
¢ In plasma three components were detected. The major component was unchanged
Liraglutide (89-100%) while the two metabolites P1 and P2 were slightly more lipophilic
and represented <9% and <5% (respectively) of the total exposure (2-24 h).
¢ No unchanged liraglutide was detected in urine or feces.
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* In urine three metabolites Ul, U2 and U3 were detected. All of these had much lower
retention times than the parent compound. The major component U1 was excreted as 3%
of the administered radioactivity. U3 was only detected in one subject.

* In feces three metabolites F1, F2 and F3 were detected. All of these had higher retention
times than the parent compound, and two of them were detected in the majority of the
subjects. No quantification of the individual components was possible, but it was
estimated that these components in total comprised 3-5% of the administered
radioactivity.

Excretion of Radioactivity in Urine and Feces
* In excreta continuously collected until Day 14, 26.3% of the total radioactivity was
excreted in urine and feces. :
* Excretion of non-volatile radioactivity (liraglutide-related radioactivity) by urine and
feces was 11.5% of the total radioactivity (6.4% and 5.1%, respectively).
e Excretion of volatile radioactivity (e.g. tritiated water) was 14.8% of the total
radioactivity (13.7% in urine and 1.1% in feces).

Pharmacokinetic Properties
* Time to maximum liraglutide plasma concentration (tmax) was 11.7 h and t'%4 was
estimated to 15.4 h.

Distribution of Liraglutide in Blood versus Plasma

¢ Liraglutide was primarily distributed in plasma compared to blood (ratio approximately
0.6).

Safety Conclusions

* A total of 7 treatment emergent adverse events were reported in 5 subjects, the most
commonly reported event was dizziness. )

e All adverse events except one (dizziness, moderate severity) were evaluated as mild.

* One treatment emergent adverse event (nausea) was evaluated as possibly related to trial
product. All other events were evaluated as unlikely to be related.

* No serious adverse events were reported and no adverse events led to withdrawal.

e There were no clinically relevant findings in other safety parameters including clinical
laboratory tests and vital signs.

Overall Conclusions

® The radioactivity excretion profiles indicate that the metabolic fate and clearance of
Liraglutide is similar to that of large peptides

® All detected liraglutide metabolites were minor and obtained in very low amounts and
therefore no structural identification was carried out.

¢ The pharmacokinetic profile of radiolabelled liraglutide in plasma was comparable with
the profiles seen in previous trials using unlabelled liraglutide.

* The blood to plasma distribution of radioactivity demonstrated that liraglutide was
primarily distributed in the plasma compartment.

¢ No safety concerns were raised during the trial.

Reviewer’s Comment:
Overall the study design and results obtained seems reasonable. Adequacy of the analytical

method results could not be commented as analytical report on the HPLC and radio-
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chromatography was not provided with the study report to review. This reviewer agrees that, due
to the chemical structure of liraglutide, being a large peptide with a fatty acid side chain, a
degradation of liraglutide into peptides, amino acids, fatty acid fragments, water and products
from recycling pathways was a reasonable expectation, and hence, a full mass balance profile (i.e.
a radioactivity recovery of > 95%) could not be obtained. Also study revealed the existence of
some minor metabolites of liraglutide whose identities are unknown.

RPPEARS THIS WAY

OR CRIGINAL
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4.2.3 Single-Dose PD Study (NN2211-2063)

TITLE OF TRIAL

NNC 96-1170 Mechanism of Action: A Double-blind, Randomized, Single-center. Placebo
Controlled. Crossover Study 10 Examine Beta-cell Responsiveness to Graded Glucose Infusion in
Subjects with Type 2 Diabetes

INVESTIGATOR
Jeffrey B. Halter

TRIAL SITE

University of Michigan

Turner Geriatric Clinic
Department of Internal Medicine
1500 E. Medical Center Drive
Ann Arbor M1 48109-0920

PUBLICATIONS None

TRIAL PERIOD ' DEVELOPMENT PHASE
27 February 2001 ~ 30 October 2001 Phase [

OBIECTIVES

Primary Objective

« To assess the effect of NNC 90-1170, compared to placebo, on beta-cell responsiveness to
increasing blood glucose concentrations in subjects with type 2 diabetes.

Secondary Objective

« To compare beta-cell responsiveness to increasing blood glucose concentrations in NNC 90-1170-
treated subjects with type 2 diabetes with beta-cell responsiveness 1o the same conditions in a
control group of healthy volunteers of similar age and BML

METHODOLOGY

The trial was a double-blind, randomized, single-center, placebo-conirolled, two period crossover
trial to evalvate beta-cell responsiveness to graded glucose infusion in subjects with type 2 diabetes.
A single-dose of NNC 901170 (7.5 ug/kg) or placebo was administered by subcutaneous injection
in a random order to subjects with type 2 diabetes. There was a three-to six-week interval between
dosing periods. A control group of healthy volunteers of similar age and BMI was included. This
contro} group did not receive any trial medication, and only received the graded glucose infusion
during Period 1.

Subjects with type 2 diabetes on prior oral anti-diabetic agent {(OAD) monotherapy had prior
treatment discontinued before dosing in each of the study periods: one week prior for subjects on
insulin secretogogues and one day prior for subjects on all other OADs. The medication was
restarted two days afier all of the procedures were completed in each study period. In addition,
regular insulin was given to all subjects to maintain the plasma glucose at 90 mg/dL (S mmol/L), if
needed, prior to the initiation of the graded glucose infusion in each period.

The study consisted of an initial screening visit for healthy subjects or subjects with type 2 diabetes.
At a time 1-4 weeks later, Visit 2 occurred and all subjects received a graded glucose infusion
procedure (with a test dose of placebo or NNC90-1170 for type 2 diabetes subjects. no test substance
for healthy subjects). For subjects with type 2 diabetes, visit 3 occurred 3-6 weeks later, when
another graded glucose infusion procedure was performed accompanied by a test dose of placebo or
NNC90-1170. Finally, a followup Visit 4 occurred 2-7 days after Visit 3 (type 2 diabetes) or after
Visit 2 (healthy subjects). '
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NUMBER OF SUBJECTS PLANNED AND ANALYZED

Planned: up to 15 subjects with type 2 diabetes, up to 15 healthy subjects.
Evaluable subjects required: 10 with type 2 diabetes, 10 healthy subjects.
Ensolled and analyzed: 10 subiects with type 2 diabetes. 10 healthy subjects.

DIAGNOSIS AND MAIN CRITERIA FOR INCLUSION

The subjects with type 2 diabetes can be either newly diagnosed with at least two months on diet or
on OAD monotherapy for at least three months. Subjects with type 2 diabetes will have a screening
HbA, ¢ < 12% with a fasting plasma glucose (FPG) £ 216 mg/dL the day prior to Visiis 2 and 3 (for
subjects with a screening HbA,, > 9 and < 12%). All subjects will be aged > 18 and < 75 years and
will have a BMI >2410<35 kg.f’nf.

TEST PRODUCT, DOSE AND MODE OF ADMINISTRATION. BATCH NUMBER

NNC 90-1170 injection Smg/mL 1.5 mL Penfill® cartridge; Batch number: 317010

Subjects with type 2 diabetes were 1o receive a single~-dose of NNC 90-1170 (7.5 ug/kg) or placebo,
in random order, administered by subcutaneous injection.

DURATION OF TREATMENT

Subjects with type 2 diabetes received a single dose of test drug or placebo. There was a 3-10 6-
week interval between dosing periods. The control group of healthy volunteers did not receive any
trial medication, and only received the graded glucose infusion during Period 1. The duration of the
trial for subjects with type 2 diabetes from screening to the last follow-up safety visit was from §
weeks to 11 weeks. The duration of the trial for the healthy volunteers from screening to the last
follow-up safety visit was from 2 to 6 weeks.

REFERENCE THERAPY, DOSE AND MODE OF ADMINISTRATION, BATCH NUMBER
NNC 90-1170 injection vehicle 1.5 mL Penfill® cariridge: Batch nuinber: 317050

CRITERIA FOR EVALUATION - EFFICACY

The efficacy assessments were insulin, C-peptide, and giucagon {beta-cell function).

Primary endpoints:

»  AUC of Insulin Secretion Rate (ISR) over the 90-216 mg/dL glucose interval (40-220 minutes);
ISR was derived from the C-peptide concentration profile. -

Secondary endpoints:

e Slope of the mean ISR versus mean glucose dose response relationship.

¢  AUC of glucagon concentration over the 40-220 minuies time inierval.

* Insulin Clearance: Mean ISR divided by mean serum insulin concentration.

PHARMACOKINETIC EVALUATION
s NNC 90-1170 plasma concentrations

CRITERIA FOR EVALUATION - SAFETY

The safety assessments include:

Adverse events

Safety laboratories (biochemistry and hematology)
Physical examination

Vital signs

ECG

Hypoglycemic episodes

® & ¢ & & 2

OTHER EVALUATIONS
» Proinsulin, leptin, epinephrine, norepinehrine, triglycerides, free fatty acids, cortisol, and growth
hormone.
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STATISTICAL METHODS

AUC of ISR and glucagon concentration over the 40-220 minutes time interval was analyzed using
analysis of variance (ANCGVA) for the crossover design based on log-transformed data. Insulin
clearance was analvzed using ANOVA for the crossover design based on log-transformed data. The
stope of the ISR vs. glucose was tabulated and graphically presented for NNC 90-1170 and placebo
subjects. All these parameters were also sununarized for healthy subjects as a reference.
Frequencies of hypoglycemic episodes and subjects with hypoglycemia were tabulated.

The frequency of shifis from baseline to end of study in physical examination, vital signs, and ECG
were summarized. Descriptive statistics at baseline to end of study using observed and change from
baseline data were calculated for vital signs. :
Descriptive statistics such as mean, median, standard deviation, and range at baseline to end of study
using observed and change from bas¢line data were summarized overall for laboratory data. Scatter
plot of end of study vs. baseline data were displayed.

Treatment-emergent adverse events (TEAEs) were defined as adverse events occurring during the
time from the first dose of study treatment up 1o times 7 days after study treatment was terminated.

DEMOGRAPHY OF TRIAL POPULATION
The demographic and baseline characteristics of the trial population are tabulated by treatment group
m Table 1.

Table 1. Demographic and Baseline Characteristics of Subjects

Type 2 Diabetes Subjects Healthy Subjects
(N=10) {(N=10)
Mean = 8D Mean % SD
Age, years 629+706 613173
Gender, M/F » 6/4 545
Weight, kg 88.1% 189 752+ 13.6
BMI, kg/m’ 30.1 £4.2 26.0%2.8
HbA e, % . 6.5%£0.8 51x04
Duration of diabetes. years 54457 -

Cross-reference: End-of-Text Table 2

All enrolled subjects were of Caucasian ethnic background.

EFFICACY RESULTS

« The average response to NNC 90-1170 treatment showed a restoration of C-peptide levels to those
approximating normal individuals. NNC 90-1170 significantly increased the AUC 49.220 for the
insulin secretion rate (over the 90-216 mg/dL glucose interval, times {rom 40 to 220 minutes) as
compared with placebo, suggesting that NNC 90-1170 improves beta-cell responsiveuess to
increasing blood glucose concentrations in subjects with type 2 diabetes (Table 2). AUCua2 ISR
values for NNC 90-1170 were not significandy different from those obtained for healthy
volunteers over the same glucose interval. furiher suggesting that NNC 90-1170 restores beta-cell
function.

« The slope of the mean ISR vs. mean ghicose level for NNC 90-1170 was significantly greater than
that for placebo, and similar fo that seen in healthy volunteers (Table 2).
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« Insulin clearance and the AUC .00 for glucagon were not significantly differeimn between placebo
treatment, NNC 90-1 170 treatinent, and bealthy individuals (Table 2).

« The mean AUC for NNC 90-1170 plasma concentration (from time 0 1o 17 hoursy was 6.1 x 10"
pmol/L for type 2 diabetes subjects. The mean Cmax for NNC 90-1170 was 5.9 x 10° pmol/L. The
mean Tmax for NNC 90-1170 was 13.1 hours.

Table 2. Efficacy Endpoints

Treatment Phase
Placebo NNC$%0-1170 He;;hh'\'
No. of Subjects Treated 10 10 10*
Primary Efficacy Endpoints
AUC(40-220) of ISR {pmolnun*ke) {pmol/mn*ky) {(pmolmm*ke)
Mean (8D) 667.6 (336.39) 1129.7 (473.94) 1206.9 (314.23)
Median 592.0 1077.2 1183.3
Min. — Max. 278212122 686.3 -2034 .5 - 693.0 ~ 1847.0
p-value vs. NNC 90-1170 < 0.001 0.487
Secondary Efficacy Endpoints {pmol*di/ {pmol*dL./ . ~ {pmol*dlL/
Slope of Mean ISR vs. Glucose min*mg*ke) min*mg*ke) min*me*ke)
Mean (SD) 0.033 (6.024) 0.070 (0.049 0.083 (0.033)
Median 0.023 0.055 0.076
Min. — Max. 0.008 - 0.079 0.019-0.177 0.048 - 0.165
p-value vs. NNC 90-1170 0.014 0472
AUCHE0-220) of Glucagon (pg¥minml.) {pg*miyml.) (pg*nuvmlL)
Mean (SD) 15154 (5111) 14462 (4426) 11828 (243 1)
Median 13265 13526 12090
Min. - Max. 9902 — 24333 8577 = 22221 8136~ 15020
p-value vs. NNC 90-1170 0.325 0.156
Insulin Clearance {(./min*kg) (IL/min*ke) (L/min*ke)
Mean (SD) 0.055 (0.017) 0.057 {0.019) 0.034 (0.013)
Median 0.052 0.058 0.052
Min. — Max. 0.029 - 0.096 0.031 - 0.093 0.030 - 0.080
p-value vs. NNC 90-1170 0.349 0.669
* Data for 9 healthy volunteer subjects were analysed for AUC of glucagon.

SAFETY RESULTS

» There were no serious adverse events during this clinical frial.

 Three patients (3/10) treated with NNC 90-1170 experienced treatmeni-emergent adverse events,
all of which were considered mild: headache, anemnia, and diarthea. Two placebo-treated patients
(2/10) experienced TEAE: mild diarrhea and a procedural site reaction. No healthy volunteers
experienced any adverse events.

« There were no hypoglycemic events reported.

Sponsors Conclusion:

e Liraglutide effectively restored beta-cell responsiveness to increasing blood glucose
concentrations in subjects with type 2 diabetes. Insulin secretion rates with liraglutide
were significantly increased over those seen with placebo, and reached levels similar to
those seen in healthy subjects. Responsiveness to increasing glucose was further
evidenced by the slope of ISR vs. glucose, where liraglutide treatment yielded a slope
similar to that achieved in healthy volunteers, but significantly greater than that seen with
placebo treatment. .
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e Liraglutide was well tolerated in patients with type 2 diabetes. There were no
hypoglycemic events or serious adverse events. Treatment emergent AEs were all mild
and showed no noteworthy patterns.

Reviewer’s Comment:
Overall, the study conduct and assessments were appropriate with regards to assessing the
pharmacodynamics of liraglutide. There were no major protocol deviations affecting the study

outcome. = The sponsor’s conclusions are also reasonable from a clinical pharmacology
perspective.

APPEARS THIS WAY
ON ORIGINAL
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4.2.4

Multiple-Dose PD Study (NN2211-1332)

Title of Trial

Effect of Liraglutide on 24-hour glucose and hormonal
profiles, gastric emptying, and fasting gluconeogenesis in
type 2 diabetic subjects.

A double-blind, placebo-controlled, randomised, cross-over
trial

Trial ID

NN2211-1332

Development Phase

Phase 2

Generic Name

Liraglutide (NNC 90-1170)

Indication Diabetes mellitus
Investigator Prof. Ole Schmitz, MD
Trial Site Department of Medicine C, University Hospital of Aarhus,

Denmark

Trial Initiated

9 May 2001

Trial Completed

11 February 2002

Sponsor

Clintcal Drug Development, Novo Nordisk A/S
Novo Allé, 2880 Bagsvaerd, Denmark

International Medical

Milan Zdravkovic, M.D., Ph.D.

Officer Novo Nordisk A/S
International Clinical | Bodil Elbrend, M.D.

Project Manager Novo Nordisk A/S
International Trial Grethe Jakobsen, M.Sc. Pharm.
Manager Novo Nordisk A/S

Local Trial Manager

Dorte Skydsgaard, Novo Nordisk Scandinavia A/B

Statisticians Tu Duyen Le Thi, M.Sc¢., Novo Nordisk A/S

Jonas Ranstam, Ph.D_, Novo Nordisk A/S
Medical Writer Trine Kruse, M.Sc., Novo Nordisk A/S
Report Date 17 November 2003
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TITLE OF TRIAL

Effect of liraglutide on 24-hour glucose and hormonal profiles, gastric emptying, and fasting
gluconcogenesis in type 2 diabetic subjects.

A double-blind, placebo-controlled, randomised, cross-over trial

INVESTIGATOR
Dr. Ole Schmitz

TRIAL SITE
Department of Medicine C, University Hospital of Aarhus, Denmark

PUBLICATIONS

KB Degn, CB Juhl, J Sturis, G Jakobsen, V Chandramouli, B Landau, O Schmitz: One week’s
treatment with NN2211, a long-acting GLP-1 derivative, markedly ameliorates 24-h glycemia and
p-cell function and reduces fasting endogenous glucose production in type 2 diabetic patients,
Diabetes 2003; 52(suppl 1): All6.

KB Degn, CB Juhl, J Sturis, G Jakobsen, V Chandramouli, J Rungby, BR Landau, OF Schmitz: One
week’s treatiment with NN2211, a long-acting GLP-1 derivative, significantly improves first phase
insulin response and other markers of B-cell function, reduces endogenous glucose release, and
ameliorates 24-h glycaemwia in type 2 diabetic patients. Diabetologia 2003; 46(suppl 2): A285.

TRIAL PERIOD DEVELOPMENT PHASE
9 May 2001 to {1 February 2002 Phase 11

OBJECTIVES

In type 2 diabetic subjects to assess the effect of liraglutide afier treatment for 9 to 10 days on:

Primary objective:

+ 24-hour plasma glucose profiles

Secondary objectives:

» insulin secretion

» fasting rates of endogenous glucose release (EGR), glycogenolysis (GLY). and glyconeogenesis
(GNG)

« circulating glucagon profiles

» circulating free fatty acids (FFA) profiles

» gastric emptying rale

» pharmacokinetic profile in steady state
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METHODOLOGY

« The trial was a single-centre. randomised, double-blind trial in subjects with type 2 diabetes.
Liraglutide and placebo were injected subcutancously (s.c.) for 9 to 10 days in a cross-over design.
Previous treatment with oral hypoglycaemic agewts {OHAS) was discontinued 2-3 weeks before
each treatment period.

The trial was comprised of seven visits; Visit 1 (screening (o assess subject eligibility), Visit 2
(randomisation, initiation of treatment period 1), Visit 3 (experimental session 1), Visit 4
(telephone contact), Visit 5 (control, initiation of treatment period 2), Visit 6 (experimental session
2), and Visit 7 (follow-up).

A period of 9-11 weeks was included between the two experimental sessions, as a relatively large
volume of blood was drawn at each of the experimenial sessions. Also, both OHA treatment and
glycaemic control had to be re-established before experimental session 2 in order to have
comparable conditions for the two experimental sessions.

Each experimental session included a 2-day stay at the clinic to perform meal stimuiation (3 fixed
meals — breakfast, lunch, dinner — were served) and corresponding 24-hour profiles (Day 1), and to
measure endogenous glucose release (EGR). gluconcogenesis (GNG), indirect calorimetry, and
response 10 a hyperglycaemic clamp (Day 2).

Ld

*

.

NUNMBER OF SUBJECTS PLANNED AND ANALYSED

In total, 14 subjects with type 2 diabetes were planned for enrolment. The subject disposition was as
follows:

Type 2 Diabetic Subiects N (%}
Screened 17
Beresning Failures 4
Randomised 13
Exposed 13
Withdrawals . 0 ( 0%)
Cowpleted 13 {100%)

DIAGNOSIS AND MAIN CRITERIA FOR INCLUSION

Subjects with type 2 diabetes of both sexes with a body mass index (BMI) <35 kg/m?, éither diet or
OHA 1reated. At randomisation, fasting plasma glucose had to be within 7-15 mmoVl/L (both
inclusive).

TEST PRODUCT, DOSE AND MODE OF ADMINISTRATION, BATCH NUMBER

Liraglutide, once daily (in the morning) s.c. injection of 6 pug/kg (corresponding 1o .55 mg using the
mean body weight of 91.4 kg found in this trial), corresponding to 1.2 ul/kg of the 5§ mg/mL
preparation, batch no. 317010, 317012

DURATION OF TREATMENT
9 to 10 days

REFERENCE THERAPY, DOSE AND MODE OF ADMINISTRATION, BATCH NUMBER
Placebo (vehicle of tiraghatide), once daily (in the morning) s.c. injection (1.2 pL/kg), batch no.
317003
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CRITERIA FOR EVALUATION - EFFICACY
Primary endpoini:
« 24-hour glucose profiles after three fixed meals
Secondary endpoints:
« insulin secretion
-24-hour profiles afier three fixed meals
-first phase and maximal secretory capacity after a hyperglycaemic clamp and arginine bolus
endogenous glucose release (EGR), glycogenolysis (GLY), and gluconeogenesis (GNG)
-EGR expressed in mg/kg/min using a labelled ghucose method
-GNG expressed in mg/kg/min using a labelled water method
-indirect calorimetry
ghucagon and free fatty acids (FFA) profiles
-24-hour profiles after three fixed meals
gasiric emptying rate
-4-hour paracetamol profiles after two fixed meals
pharmacokinetic profile in steady state
-30-hour profile (AUC, C . lonse &)
« leptin
-4-hour profile after a fixed meal (dinner)
» pro-insulin
-4-hour profile after a fixed meal (breakfast)

*

*

L d

CRITERIA FOR EVALUATION - SAFETY
Adverse events, hypoglycacemic episodes. vital signs and ECG, physical examination, haematology
and biochemistry

STATISTICAL METHODS

« For the efficacy endpoints the null hypothesis was that the effects of treatment with liraglutide and
placebo did not differ. The alternative liypothesis was that they differed. A 5% significance level
was used.

o The primary endpoint (24-hour glucose profiles) analysis was based on a mixed model, assuming
gaussian distributed residuals, with period and treatment as fixed factors and subject as 4 random
factor. The analysis can be regarded as a paired t-test of the {reatment effect aliowing missing
values and with adjustment for period. 95% confidence intervals for the mean differences between
liraglutide and placebo were constructed. These confidence infervals were based on variance
estimated in the mixed model.

«» Secondary endpoints were analysed using the same technique.

s Pharmacokinetic endpoints were summarised.

« Adverse cvents were summarised by freatinent. NN-ARD (Novo Nordisk Adverse Reaction
Dictionary) system-organ class and preferred term, and described by swmmary statistics; number of
subjects with event, percent exposed subjects with event, and number of events.

« Hypoglycaemic cpisodes were to be listed by treatment and subject.

» Abnormal ECGs, vital signs, biochemistry, and haematology data were listed individually and
summarised by treatment and visit, and described by summary statistics.

DEMOGRAPHY OF TRIAL POPULATION

More than half the subjects were male (8 males vs. 5 females), mean age was 56.4 years, and mean
duration of diabetes was 3 years. Mean BMI was 31.2 ke/m’ and mean fasting plasma glucose at
randomisation (afier 2 weeks of wash-out) was 9.8 mmol/L, confirming the diabetic state of the
subjects (fasting serum glicose >7.8 mmol/L, according to the 1997 ADA criteria)."” Previous
diabeies reatment was equally distributed among diet and OHA.
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EFFICACY RESULTS

24 hour profiles:

+ For the primary objective, 24-hour glucose profiles, liraglutide treatment provided 24-hour
glycaemic control, as glucose syew.2e) Was statistically significantly lower compared with placebo.
No statistically significant difference was seen for fasting glucose (p=0.0782).

+» No statistically significant differences could be demonstrated between the two treatments with

regard to AUC g4, or fasting values of insulin and C-peptide.

The overall glucagon level (glucagonayscm.21y) was significantly inhibited after reatment with

lraglutide.

No statistically significant difference could be demonstrated for free fatty acids.

No statistically significant difference could be demonsirated for insulin secretion rate (ISR).

Fasting value of pro-insulin was statistically significantly lower after liraglutide treatment than

after placebo. '

Hyperglycaemic clamp:

» Treatment with liraglutide increased insulin levels throughout the entire hyperglycaemic clamyp. In

addition, first phase insulin response improved after liraglutide freatment.

During the steady state part of the clamp, treatment with Hraglutide increased mean levels of

insulin, C-peptide, and pro-insulin, while glucagon and pro-insulin/insulin ratio were decreased.

Maximum insulin and C-peptide concentrations after arginine infusion were statistically

significantly increased after liraglutide treatment, compared with placebo. No statistically

significant difference was seen for maximum coicentration of pro-insulin, while the maximum
glucagon concentration was statistically significantly lower afier liraglutide treatment.

Other endpoints:

+ B-cell function {insulin secretion, ISECyea) was statistically significantly increased afier
treatment with liraglutide, whereas no statistically significant differences were seen between
treatments for insulin resistance (IRES;0n4) or insulin sensitivity (ISEN).

+ No statistically significant differences were found between the two treatments with regard (o

gastric emptying rate.

Treatment with liraglutide resulted in a statistically significan{ lowering of endogenous glucose

release, which could be contributed to & decrease in glycogenolysis, as no effect was seen on

gluconcogenesis. No statistically significant effect was seen for the indirect calorimetry
parameters.

The 30-hour liraglutide plasma concentration profile confirmed previously obtained values for

AUC. Cus buax (Mmean 10.3 hours), and t, (harmonic mean 18.1 hours).

»

*

»

SAFETY RESULTS

+ The frequency of adverse events was increased during liraglutide treatment; 62% vs. 23% during
placebo treatment.

» Adverse events reported by more than one subject during liraglutide rreatment included headache
(N=4}, nausea (N=4), abdominal pain (N=2), and vomiting (N=2). Other adverse events were
single events. When treated with placebo, no adverse event was reported by more than one subject.

» All adverse events were mild, except for a single moderate event of bursitis (unlikely related to
trial product), of transient nature, and resolved without intervention.

+ No scrious adverse events, adverse event withdrawals, or hypoglycaemic episodes occurred during
this trial.

» No clinically relevani changes were observed for vital signs, ECGs, or clinical laboratory fests.
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CONCLUSIONS

Based on the data, results. and considerations presented in this report we conchude that 9-10 days
treatment with liraghatide (6 ng/kg):

» provides significant 24-hour glycaemic control

« does not influence 24-hour insulin secretion rate profiles

« has the potential to improve f-cell sensitivity as measured by first phase insulin response and pro-
insulin/insulin ratio ‘

« decreases fasting endogenous glucose release due to a decrease of glycogenolysis

« inhibits 24-hour glucagon profiles

« does not slow gastric emptying rate at the tested dose

« demonstrated steady state pharmacokinetics as previously reported

» is well tolerated; adverse events (mainly headache and nausea) were mild and resolved
spontancously

« docs not affect vital signs, ECG, or clinical laboratory assessments to any clinically relevant degree

Trail Design:
OHA SRt e ; OHA 2 OHA
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Efficacy Analysis:

The statistical analysis of primary and secondary efficacy endpoints was based on a mixed model,
assuming gaussian distributed residuals and with period and treatment as fixed factors and subject
as a random factor:

Response = overall mean + subject effect + period effect -+ treatment effect + random error

The analysis was regarded as a paired t-test of the treatment effect allowing missing values and
with adjustment for period.

Derivations

AUC

Throughout the statistical analyses AUCs were calculated using the trapezoidal rule. AUC and
incremental AUC had a different baseline. The baseline for AUC was zero, whereas the baseline
for incremental AUC was the value just prior to the period in question. Incremental AUC was
calculated as the total area under the curve minus the area under the baseline value.

HOMA/Insulin Sensitivity

Insulin secretion (B-cell function) and insulin resistance were calculated by means of the
Homeostasis model assessment (HOMA).

Insulin secretion, ISECyoma, was derived as follows:

ISECpoma = 20xfasting serum insulin (uU/mL)/[fasting plasma glucose (mmol/L) — 3.5]
Insulin resistance, IRESyoma, was derived as follows:

IRESyoma = fasting serum insulin (WU/mL)xfasting plasma glucose (mmol/L)/22.5
Insulin sensitivity, ISEN, was derived as follows:
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ISEN = GIR/mean serum insulin (nU/mL),
Where, GIR is the glucose infusion rate during the hyperglycaemic clamp and mean
serum insulin level was estimated from four observations taken at 10:45, 10:55, 11:05,

and 11:15 during the hyperglycaemic clamp. The logarithm of insulin sensitivity was
analyzed.

Plots for the Results:
24-hr glucose profile:
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24-hr Insulin profile
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24-hr Glucagon profile
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First Phase Insulin Secretion
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Sponsors Conclusions:

16

18 20

Based on the data, results, and considerations presented in this report we conclude that 9-10 days

treatment with liraglutide (6 pg/kg): '
e provides significant 24-hour glycaemic control
e does not influence 24-hour insulin secretion rate profiles

e has the potential to improve pB-cell sensitivity as measured by first phase insulin response

and proinsulin/insulin ratio

e decreases fasting endogenous glucose release due to a decrease of glycogenolysis

® inhibits 24-hour glucagon profiles
e does not slow gastric emptying rate at the tested dose
e demonstrated steady state pharmacokinetics as previously reported
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e is well tolerated; adverse events (mainly headache and nausea) were mild and resolved
spontaneously

Reviewer’s Comment:
Overall, the study conduct and assessments were appropriate and the concentration data was
supported by the analytical method. There were no major protocol deviations affecting the study

outcome. The sponsor’s conclusions are also reasonable from a clinical pharmacology
perspective.
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4.2.5 Single-Dose PD Study (NN2211-1224)

Title of Trial

Effect of liraglutide on hypoglycaemic counter-regulation during
stepwise hypoglycaemic clamp in type 2 diabetic subjects. A double-
blind, placebo-controlled, randomised, 2-period cross-over trial.

Trial ID NN2211-1224
Development Phase Phase 1
IND Number (US only) | Not applicable

Compound Name

| Liraglutide (NNC 90-1170)

Indication

Diabetes. Metlitus

Investigators

Dr Michael Nauck and Dr Marcus Hompesch

Trial Sites

Diabeteszentrum, Bad Lauterberg, Germany
Profil Institut fiir Stoffwechselforshung, Neuss, Germany

Trial Initiated

02 May 2001

Trial Completed

14 December 2001

Sponsor

Novo Nordisk A/S
Novo Allé, DK-2880 Bagsvaerd, Denmark.

International Medical
Officer

Milan Zdravkovic, M.D., Ph.D.
Novo Nordisk A/S

International Trial
Manager

Bodil Eibroend, M.D.
Novo Nordisk A/S

Local Trial Manager

Eva-Maria MaaBen-Quotschalla, Novo Nordisk Pharma GmbH

Statisticians

Judith L. Jacobsen, Ph.D., René Tabanera y Palacios, M.Sc. and
Charlotte Hindsberger, Ph.D., Novo Nordisk A/S

Medical Writers

Amn Oiling, M.Se. and Trine Kruse, M.Sc., Novo Nordisk A/S

Report Dates

27 November 2603
30 August 2006
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TITLE OF TRIAL .
Effect of liragiutide on hypoglycacmic counter-regulation during stepwise hypoglycacmic clamp in type 2 diabetic
subjects. A doublée-blind, placebo-contrelled, randomised, 2-period cross-over trial.

INVESTIGATORS
Dr Michael Nauck and Dr Marcus Hompesch

TRIAL SITES

Dinbeteszenmum, Bad Lawerberg, Germany (Trial site 1) and
Profil Institut fiir Stoffwechselforschung, Neuss, Germany (Trial site 23.

PUBLICATIONS

» Nauck, M., El-Quaghlidi, A, Hompesch, M., Jucobsen, J., Elbroend, B. No impairment of hypoglycemia
counierregulation via ghacagon with NN2211, a GLP-1 derivative, in subjects with type 2- diabetes. Diabetes. Vol.
52 (Supplement 1) p. A128 (2003).

« Nauck, M A El-Quaghlidi, A., Hompesch. M., Jacobsen, J., Elbroend, B. No imipairment of hypoglycemia
counfcrregulation via glucagon with Jong-acting GLP-1 derivative, NN2211, in subjects with Type 2-diabeses.
Diabetotologia 46: (Supplement 2) p. A285 (2003)

TRIAL PERIOD DEVELOPMENT PHASE
02 May 2001 — 14 December 2001 Phase |
OBJECTIVES

Primary objective:

» To examine the effect of liraglutide on the hypoglycaemic counter-regutation.

Secondary objectives:

» To assess the safety and tolerability of liragluiide.

» Assessment of the pharmacokinetics of single subcutaneous doses of liraglutide in type 2 diabetic subjects.

METHODOLOGY

+ A Z-centre, randonised, double-blind, cross-over trial in subjects with type 2 diabetes. Each subject received one
subcutancous injection of 7.5 ug/ke liraghutide and placebo in a random sequence.

» Each subject attended a screening visit, a treatment visit consisting of two treatment sessions on separate days,
followed by a follow-up visit. At each treatment session around midnight, a single dose of liraghutide or placebo was
administered subcutaneously and approximately 9 hours later, glucagon secretion was assessed for 240 minutes
during & hypoglycaemic clamp by concentrations measuremient. Insulin was infused continuously intravenously and
at a constant rate. The clamp was conducted at four different plasma glucose levels (78, 66, 54 and 42 mg/dL
corresponding to 4.3, 3.7, 3.0 and 2.3 mmol/L), whicl were achicved by variation of the glucose infusion.

« Insulin, glucose, cortisol, growth hormone, adrengline, noradrenatine and C-peptide were measured for metabolic
control.

= A continuous plasma profile of liraglutide was measured during both treatment days,
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NUMBER OF SUBJECTS PLANNED AND ANALYSED

A total of 13 subjects were plammed for enrolment to obtain 13 evaluable subjects. The subject disposition is shown
below:

Subjects with Type 2 Diabetes N (%)
Sereened 27
Seresning Failures g

Rand sed 19

Exposed {ITT} ig {100%)
3C il
withdrawals 3 { 18%)
Adverse events ¢ { ©%)
Non-conpliance 3 { 16%}
otheyr o { 0%)
Complated A © 16 { 84%)}

ITT = Intention To Treat
SC = Successful Clamp adnalysis set

DIAGNOSIS AND MAIN CRITERIA FOR INCLUSION

Subjects of either sex with type 2 diabetes and aged 3065 years were plamed for inclusion. Subjects were to be diet
and/or OHAs treated for at least 3 months, with a body mass index (BMI) < 38 kg;’nf and HbA,. < 11%. Fasting
plasma glucose was to be < 12 mmol/L (< 8.88 mmol/L for frial site 2),

TEST PRODUCT, DOSE AND MODE OF ADMINISTRATION, BATCH NUMBER
Liraglutide: 5 mg/mL: 7.5 pg/ke (corresponding 1o a dose of 0.68 myg a1 & mean weight of 90.1 kg): subcutancous
injection; batch number 317012

DURATION OF TREATMENT
Two (2} single doses on 2 separate treatment days

REFERENCE THERAPY, DOSE AND MODE OF ADMINISTRATION, BATCH NUMBER
Placebo (liragluiide vehicle); subcutancous injection: batch number 317005

CRITERIA FOR EVALUATION - EFFICACY

Efficacy endpoint: glucagon secretion measured as mean glucagon for each of the four 40-minute clamps at 78, 66, 54
and 42 mg/dl. (4.3, 3.7, 3.0 and 2.3 nunolL) glucose concentrations performed over the (-240 minute period.
Secondarily, insulin, glucose, cortisol, growth hormone, adrenaline, noradrenaline and C-peptide were measured as for
glucagon sceretion. Additionally, glucose infusion rate and insulin secretion rate were calculated.

=

Pharmacokinetic endpoinis: AUC, Cus. buae . CLAand VJf derived from the liraglutide concentration time profiles.

CRITERIA FOR EVALUATION - SAFETY
Adverse events, hypoglycaemic episodes, haematology and biochemistry, vital signs, ECG and physical examination.
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STATISTICAL METHODS )

» Efficacy analyses were carried out on the basis of two analysis sets {intention to reat (ITT) and successful clamp
(SC) analysis sel).

« For the efficacy endpoints, the null hypothesis was that there was no difference in response between liraglutide and

placebo, the alternative hypothesis was that the response of liraglutide and placebo differed. 95% confidence

intervals for the mean differences between liraglutide and placebo were construcied for cach clamp level.

The primary endpoint (mean glucagon over the time intervals for the different clamp levels) was analysed using a

mixed model, assmning Gaussian distributed residuals and with period. centre and treatment s fixed factors and

subject as a random factor.

The sccondary endpoints (issulin, glucose, glucose infusion rate, cortisol. growth hormone, adrenaline,

noradrenaline. C-peptide and insulin secretion rate) were analysed the same way as the primary endpoint.

Additionally. a longitudinal analysis was performed for alt efficacy parameters during the clamp period for the ITT

analysis set and the SC analysis set. The mixed mode! uses subjects as random factor and visit, treatment, centre and

clamp level as fixed factors.

Pharmacokinetic parameters were summarised by descriptive statistics.

Incidence of adverse events was presented by descriptive statistics: number of subjects with an event. percent of

subjects exposed with an event and number of events. The incidence of hypoglycaemic episodes (minor and nijor)

and the number of subjects experiencing hypoglycaemia were sunumarised by treatment and dose.

Safety laboratory parameters, vital signs and ECG were swnimarised by visit and treatment using descriptive

statistics.

.

.

DE;\-’IOGRAPHY OF TRIAL POPULATION

Nineteen {19) Caucasian subjects were randomised in this trial: 14 males and 5 females. The mean age was 54 years,
mean BMI was 30 ke/m’ and mean duration of diabetes was 7 years. The subjects were well controlied with a mean
HbA,, of 7.2% and a mean FPG of 8.1 mmol/L. Sixteen (16) subjects were OHA treated, whereas 3 subjects were
diet-treated.

EFFICACY RESULTS

Primary endpoint

» Mean plasma glucagon increased by 1.5-feld with progressive hypoglycaemia and there was no statistically
significant difference between treatment with liraglutide or placebo (p=0.75390).

Secondary endpoints

» Insulin was infused throughout the clamp procedure to reach steady staie levels with no staiistically significant
difference between treatments (p=0.998%).

» Mean glucose vaiues for the ITT analysis set were statistically significantly different between treatment groups

(p=0.0408). However, this difference was eliminated by exclusion of the § subjects who were unable to reach a

satisfactory glucose level at the last clamp level (helow 50 mg/dL or 2.8 mmol/L). p=0.6167. There was no

statistically sigaificant difference in the glucose infusion rate {GIR) between treatiments (p=0.5489).

Mean cortisol levels and mean noradrenaline levels, increased with progressing hypoglycaemia. with no statistically

significant difference between treatments.

Mecan growth hormone fevels increased with progressing hypoglycaemia in both treatment groups. However, there

was ag inhibition in increase for subjects weated with liraglwide as compared to placebo, and the difference was

statistically significant (p=0.0320}. Similar results were seen for adrenaline (p=0.0389).

Mean C-pepiide level and insulin secretion rates were higher for subjects treated with liraglutide as compared 1o

subjects treated with placebo during the clamp and the difference was statistically significant (p<6.0001 and

p=0.0026, respectively). The difference was most distinet at the highest glucose levels, which is in accordance with

the glucose-dependent mode of action of liraglutide.

» The 84-hour liraglutide pfasma concentration profife confirmed previousty obtained values for AUC, Coan, luas
{mean 12.4 hours) and t., {hanmonic mean 13.4 hours).

3

>
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SAFETY RESULTS

* The overall frequency and severity of reatment emergent adverse events were similar between the two treatments.

» No serious adverse events were reported,

+ Relation 10 treaument was considered possible for 2 treatmemt emergent adverse events (nausea) reporied in 2
subjects treated with liraglutide. No subjects treated with placebe reported treatment emergent adverse eveais
probably or possibly refated (o trial product.

» No subjects were withdrawn due to the onset of adverse events.

» One {1} subject reported 2 events of symptomatic hypoglycaemic episodes. Both events were considered non-
treatment related.

» No clinically relevant findings were observed for any of the clinical laboratory assessments, viml signs, ECG or
physical examinations.

Trial Design:
+ 1 ) ¥
1 1 ] t
) 1 ) +
1 ' 1 . ¥
! ! . a " R Py ' ol !
! v Insulin infused i.v. at Constant rate i
i » during clamp ’ > ‘
; ' i ;
1 3 i ¥
H I ¥ 1
(34 .
: | ! D2 :
. . -~ . = ¥
i Liraghutide (7.5 pg/kg) or placebo ' a2 2w -
1 f ' [ = Shoz o =
1_s.c. single dose : Gy £°% z5 %!
‘ N ERE B R B
| | R e o oo L S R
[ f 7 ™ i { 1
1 ' 020 60 30 120 140 180 208 2401 mins
; : 4 :
1 . t - ] . t
: 9 h prior to clamnp '1.5-2h 4 I hypoglycaemic clamp :
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A single s.c. dose of liraglutide 7.5 pg/kg or placebo was administered in the abdominal skin at
midnight. Prior to dose administration, a pre-dose blood sample was drawn. During and
following the clamp procedure, blood samples (2 mL) were drawn at 0, 2, 4, 6, 8, 10, 12, 14, 16,
24, 36 and 84 hours after dosing for pharmacokinetic assessment.
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Mean Glucagon Profile for Liraglutide and Placebo
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Livaglunide {(a) Placebo {(a} Liraglutide-Flacebs (b}
Baseline
N 11 11 11
Mean {(S.E.M.} 76.32 ( 8§.40} 78.44 { 8.01} -2.633  { 8.74%
28% C.X f-22.40 ; 17.14}
78 mgfdLn
M i1 11 13
Mean (8 E. M) 77.487 { 4.88; £0.084 { 4.79; -2.7€6%  { 3.78}
98% .. : {~10.47 ; 4.932}
p-value $.4488
&6 mg/daL
21 i1 11 X
Mean (5.8.M.] 95.40 { £.77 $4.4% { 6.65) ¢.932 [ 5.64;
85% C.I. [-10.58 ; 12.44}
p-value 3.8700
S4 mg/dL
N 11 11 13
Mean {($.E.M.) 117.85 { §.285) 10%.42 { 7.21} 8.668 { 4.80}
8%% Y. [-1.118 ; 18.48}

povalue

42z mg/4dL
N %1
Mean (S.E.M.} 120.8¢ { 8.19)
55% C.I.
p-valus

11

123.34 {1¢C.38}

i

13
~2.696 { €
[-15.64 ; 2
G.6739

{a} Descriptive stalistics

(I} The statistics are obtained from a mixsd model with subjects as a randon
centre as £i
ific

facter and vipit, treatment andé
An asterisk indicates statistica

1l s

d factors.

Lengitudinal analysis
N
Maan {§.E.M.)
85% ©.%.
p-valus
Tentre effect  p o= 0.6633
Clamp effsct » o= 0.COGC
Centre*breatment was not significant

p =0.

S185

11

1.633  { 3.35}
[-5.6097 ; 7.673}
0.7599

The statistics are cbtained from a mixed model with subjects as a random factoxr
treatment, centre and clamp level as fixed factors.
An interaction term centre*treatment was also investigated. If not

from the moedel.
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Mean Insulin Profile for Liraglutide and Placebo
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Mean Growth Hormone Profile for Liraglutide and Placebo
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Summary of Pharmacokinetic Parameter Estimates
Loax Cas AUC  AUC%extrap A, by MRT CLA V,if
Gender Subject  {(h)  {pmol/L) (h-pmo}/l) (Yo) (1/h) (h) (h)  (mL/MWkg) (mbl/ke}
Female 106

108 \ ) \
111 \

206 \
216

Femmale Mean 109 11200 273400 5.4 0.056 124" 243" 8.39 169
D 318 7030 111400 if (.018 343 91.6

Male 102
104
105
107
110 (}
112 b 4
207"
209
210
211
212
213
214 _

Male  Mean 130 12600 306680 i 0050 139° 268 §97. 198
SD 331 10400 219100 2t 0.014 3.06 11

Overall Mean 124 12200 296800 15 0.052 134% 26.0° 8.80 190
. SD 332 9420 190700 19 [((XUN 379 104

RY] harmenic mean
b 1o PK parameters could be calculated due 1o no elimination phase
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This trial demonstrated that glucagon responses to hypoglycaemia were unaffected by
liraglutide at a dose of 7.5 ng/kg (corresponding to a dose of 0.68 mg with a mean weight
of 90.1 kg) and that glucagon suppression was reduced during increasing levels of
hypoglycaemia, which correlates well with what was observed in healthy subjects. For
both healthy subjects and subjects with type 2 diabetes, GLP-1 has been reported to
suppress glucagon concentrations during hyperglycaemia and the glucose threshold for
the glucagonostic action of GLP-1 is believed to be equivalent to normal fasting glucose
concentrations.

Sponsor’s overall conclusions

Based on the data, results and considerations presented in this study, liraglutide after a single s.c.
dose of 7.5 pg/kg:

¢ does not affect the glucagon response to hypoglycaemia

* does not impair the overall hypoglycaemic counter-regulation response

¢ induces minor statistically significant differences for adrenaline and growth hormone

* (suppressed release relative to placebo)

* in accordance with the glucose-dependent stimulation of insulin secretion, ISR was
borderline significantly increased at the two highest glucose levels (78 and 66 mg/dL),
but not at the two lower glucose levels (54 and 44 mg/dL)

e was well tolerated; adverse events were mild and hypoglycaemic events were non-
treatment related

o does not affect vital signs, ECG or clinical laboratory assessments to any clinically
relevant Degree '

Reviewer’s Comments:

The study assessments and conclusions are reasonable from a clinical pharmacology perspective.
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4.2.6 Multiple-Dose PD Study Appetite Suppression (NN2211-1589)

Trial Registration ID-number EudraCT number - EU only
Not applicable 2006-000377-30
Title of Trial

A 4 Week Double-Dummy Randomised, Double-Blind, Balanced Incomplete Latin Square Design Study to Evaluate
the Effects of Liraglutide on Appetite in Subjects with Type 2 Diabetes Compared to Glimepiride and Placcbo
Investigaters

Principal ind signatory investigator, Australia. Michae! Horowitz, Professor, MD

Principal investigator, Germany, Christoph Kapitza, MD

Trial Sites

Department of Medicine, Royal Adelaide Hospital, North Terrace. Adeluide. South Australia 3000, Australia

Profi] Institwt fiir Stoffwechselforschung GmbH, Newss, Germany

Publications

Not applicable

Trial Period Development Phase
23 Nov 2005 10 26 Sep 2007 Phase 1

Objectives

Primary Objective:
* To assess the effects of subcutancously administercd liraglutide on energy intake in subjects with type 2 diabetes
compared to glimepiride and placebo

Secondary Objectives:

*  Toassess the effects of liraglutide on macronutrient distribution in subjects with type 2 diabetes compared to
glimepiride and placebo .

*  Toassess the effects of Hraglutide on satiation and satiety in subjects with type 2 diabeies compuared 10
glimepiride and placebo

*  To assess the effects of liraglutide on antral area and gastric cimptying compared 1o glimepiride and placebo

»  To assess relationships between the effects of livaglutide on appetite and antral arca.

*  Toassess the effects of treatment on encrgy intake adjusted for sensations of appetite, hunger, follness, satiety
and nausea as measured by VAS-scales ’

*  Toassess the relationship between energy intake and mean antal avea at baseline and immediately before intake
of a buffet meal as well as between energy intake and change in antral area

*  To assess the effects of liraglutide on posiprandial metabolic and hormonal responses compared to glimepiride
and placebo )

s Toassess the effects of liraghutide on resting energy expenditure compared 1o ghimepiride and placebo

*  To assess safety and tolerability of Hraglutide during 4 weeks treatment

*  To assess the effects of liraglutide on macronutricat distribution in subjects with type 2 diabetes compared to
alimepiride and placebo

Mecthodology

* A double-dunmy, randomised. double-blind two-centre study with balanced incomplete latin square design
comparing the effect of liraglutide (1.8 mg), glimepiride and placebo on energy intake at an ad libirn buffet
meal. duration of the meal, macronutrient distribution, appetite sensations and nausca, gastric distension
{assessed by ultrasound measuremets of antral area). gastric emptying (assessed by paracetamol concentrations)
and metabolic and hormonul response.

»  Subjects discontinued current oral anti-diabetic drug (OAD) treatinent and were randomised to treatment group
(a) liraghutide followed by placebo, (b) placebo followed by glimepiride or (¢} glimephide followed by
liraghutide. The trial consisted of a screening visit 1o assess eligibitity (Visit 1) performed 3-35 days before the
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two treaument periods (Visits 2-3 and Visits 6-9) each lasting 4 wecks with 3-3 wecks wash-out in between. The
total trial duration was up to 19 weeks.

* Liraglutide was given using a forced three step dose escalation (0.6, 1.2 and 1.8 mg): the dose increased cach
week until the subjects reached 1.8 mg. Glimepiride was given using a stepwise dose-escalation {1, 2, and 4 mg):
the dose increased each week, however, the current dose fevel was maintained when the fasting blood glucose
(FBG) was above or equal to 6 mumol/L but below 7 mmol/L. 1 the FBG was below 6 mmoliL ihe dose
decreased to the next whole capsule down, lowest dosing being 1 mg.

Test Days 1 and 2 (Visit 5) and Test Days 1 and 2 (Visit 9)

After two weeks of treatment at the third liraghutide/glimepiride/placebo dose levels there were two testing days. Test
Day 1 was a meal test that included a preload paradigm. The preload was a palatable liquid mixture of voghurt,
cream ete. (250 keat ~ 1047 kJ) known 1o suppress subsequent food intake and suitable for ultrasound Imaging. 1.0
gram of paracetamo! was included in the preload. One hour later an adf Jibitum bullet-style meal was served. Gastric
distension, gastric empiying, duration of cating, amount of energy consumed and sensations of appetite (hunger,
fullness and satiety) and nausca were measured.

On Test Day 2 the resting energy expenditure was measured (afier having fasted overnight) before an ad libitum
buffei-style meal without a preload paradigm was served. Again, the duration of cating, amount of energy consumed.
sensations of appetite (hunger, fuliness and satiety) and nausea were measured.

Number of Subjects Planned and Analysed

Planned number of subjects was 42 randomised and at least 36 completing subjects. 116 subjects were screened and
the 46 subjccts that were randomised and exposed to trial products were included in the safety analysis set. Four (4)
subijects withdrew from the trial due 10 adverse events (AEs). thus 42 subjects completed the trial. Four (4) subjecis
were excluded from the pharmacoedynaniic (PD) analysis set beeause of non-conpliance or vielation of an inclusion
criterion. Therefore, the PD analysis set contained 42 subjects of which 38 subjects completed the trial.

Diagnosis and Maia Criteria for Inclusion

Euthyroid male and female subjects aged 18 1o 65 years (both inchusive) with type 2 diabetes either diet treated

(6.5 % < HbA,, £10.0 %) or in OAD monotherapy (6.5 % <HbA,. £ 9.5 %), with a body mass index between 27
kg/m2 and 40 kg/m2, the fasting plasma glucose (FPG) in the range of 7-13 punol/L and possible visualisation of the
antruin by ultrasonegraphy were included in the trial.

Test Product, Dose and Mode of Administration, Batch Namber

o  Liraglutide was supplied as 6.25 mg/mL (Formulation 3) and 6.0 mg/mL (Formulation 4) solutions and was
administered in a three-step dose escalation scheme:
~  0.625 mg, 1.25 mg and 1.875 myg, was provided in 3mL penfills for the NovoPen™ 3 device in Australia

(batch numbers; PQ30363 and RQ350536 PQ30363)
~  0.6mg, 1.2 mgand 1.8 mg. was provided in prefilled 3 mL FlexPen™ devices in Germany and Australia
(batch numbers: SP32281 and SP31132) ’

» The apparent difference in dose levels is due to a change in the way Hraglutide content was declared, the dose
levels were actually similar, The content of active liraglutide in Formulations 3 and 4 is equivalent and 0.6, 1.2
and 1.8 mg/day is thus used consistently in this synopsis and clinical trial report

»  Glimepiride (Amary!®, batch numbers D431 and E479) was administered as capsuies in the morning. Dosing
was based on individual glycaemic control to mitigate hypoglycaemia using a siepwise dose-escalation scheme
of weekly dosing periods of 1, 2 and 4 mg

e Paraceramol (Benuron® and Hesron® 500 mg tablets, batch numbers 618036 and 53783} was administered at two

visits as two tablets (1 mg) for the assessment of gastric emptying.

Duration of Treatment
¢ Subcutaneous administration of liraghutide for four wecks
*  Glimepiride administration as capsules administered orally for four weeks
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* A single dose of 1.0 gram paracetamol on Visit 3 and 9, Test Day 1
The total wrial durmion for cach individual subject was up 1o 19 weeks,

Reference Therapy, Dose and Mode of Adnministration, Batch Number

»  Liraglutide placebo medium provided in 3mL penfills for the NovoPen™ 3 device (0mg/mL., batch numbers
PQ50297 and RQS50390 Y and in prefilled 3 mL FlexPen™ devices (Dmg/mL. batch numbers PQ30695. SPS1130
and SP51129)

¢ Glimepiride placebo capsules: 0 mg, batch numbers PBBK034, PBBK039 and PBBKO71

Criteria for Evaluation — Efficacy

s Energy intake

»  Macronuirient intake

«  Meal duration

*  Appetite and nansea {VAS-ratings)

e Qastric distension (assessed by ultra sound antral area measurements)

*  Gastric emptying (assessed by plasma paracetamol concentrations)

s Resting energy expenditure

*»  Change from baseline in efficacy variables: plasma glucose, insulin, glucagon, hormones (ghrelin, leptin,
adiponectin GLP-1, GIP, peptide YY, CCKD). anti-inflanunatory markers (hsCRP, TNF [ PAL-1, lipids (TC,
LDL-C, VLDL-C. HDL-C, FFA), body weight and waist circumference

Criteria for Evaluation - Safety
Adverse events. episodes of hypoglycaemia, chinical laboratory tests (hacmatology, clinical chemistry, urinalysis},
12-1cad ECG, physical examination and vital signs,

Statistical Methods
Primary Endpoins .
Energy intake (kJy at an ad libinu buffei-style meal that included a preload paradigm

Secondary Endpoints

Energy intake

Energy intake (k) at an ad libitan buffe-style meal without a prefoad paradigm

Macronutrient infake

¢ The relative amount of energy intake (kJ) in cach of the macronutrient groups {protein, fat and carbohydrate) of
an ad Ebipnm buffet-style meal with a preload paradigm.

¢ The relative amount of energy imake (kJ) in cach of the macronutrient groups {protein, fat and carbohydrate) of
an ad fibirum buifet-siyle meal without a preload paradigm.

Meal dwration
»  The duration of eating at the ad libitan buffet-siyle meal with a preload paradigm,
»  The duration of cating at the ad libinmn buffet-style meal without a preload paradigm.

AS-ratings

»  Fasting sensation of hunger, fuliness, satiety and nausea prior to the preload period on the test day with the
preload paradignm (R, yroua)- Thie -10 min rating is used as the fasting sensation.

s Average sensations of hunger, fillness, satiety and nausea during the preload period on the test day with the
preload paradigm (Ruepnge, prelvad)-

*  Sensations of hunger, fullness, satiety and nausea prior to the ad libinun buffet-style meal period including the
preload paradigm on Test Day 1 (Regs sutter vaeat. D)-

+ Average scnsations of hunger. fuliness, satiety and nausea during the post ad libitum buffet-style mceal period on
Test Day 1 that included a prefoad paradigm (Ruversge. hutiet meat, D1 )+

«  Fasting sensation of hunger, fullness, satiety and nausea prior 1o the ad Kibitum buffer-style meal period on Test
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Day 2 without a preload paradigm (R, widow piatosa). The -10 min rating was used as the fasting sensation.

«  Average seasations of hunger, fisllness. satiety and nausea during the post ad libinan buffer-style meal period on
Test Day 2 without a preload paradigm (Royauze. tuffer meat,p2)-

Gastric distension (assessed by wlira sound antral area meaxurements)

»  Fasting antral area prior to the preload period. The -10 minutes measurement was used as baseline,

¢ Average antral area during the preload period. The average was calculated as AUC som/60 min, where AUC
was calculated by the trapezoidat method and the baseline value at 0 minute was identical {o the measurement af
~10 minutes.

*  Antral area prior to the buffet meal period measured 60 minutes afier the preload.

s Change in antral arca from baseline (~-10 minutes) to 60 minutes as indices of gastric emptying. The change was
calculated in percentage, ie. change= [00%*aniral arede/antral atea. oy

e T75%. time at which the antral area has decreased 10 75% of the maxinwum antral area.

*  T30%, time at which the antral aren has decreased 1o 50% of the maximum antral area,

Gasiric emplying {assessed by paracetomol concenirations}

» (e the maximum paracetamol concentration.

* iy 1he time to the maximum paracetiunol concentration,

*  AUC).eomin area under the paracetamol curve from time zero fo 60 minutes. calculated by the trapezoidal method
where the baseline value at O minutes was identical to the measurement at <10 minutes.

¢ AUC, 30000 arca under the curve from time zero to 300 minutes, calculaied as described above.

o AUChmn/ AUCs.300min With AUCs calcutated as described above.

Resting energy expenditure .
«  The resting energy expenditure (k) measured on the day without the preload,

Change from baseline in efficacy variables :

The change from baseline to end of treatment period in the efficacy variables described below was calculated as the

difference between the efficacy outcome measured at Visit 3 (Test Day 1) and Visit 2 for the first period and the

difference between the efficacy ouicome measured at Visit 9 (Tesi Day 1) and Visit 6 for the second period.

Change from bascline in efficacy variables: plasma ghucose. insulin, glucagon, hormones (ghrelin, leptin, adiponectin

GLP-1. GIP, peptide YY, CCK), anti-inflammaiory markers (hsCRP. TNFi{PAI-1. lipids (TC, LDL-C, VLDL-C.

HDL-C. FFA), body weight and waist circumference

Statistical Anatyses

Primary Analysis

The primary endpoint was assumed to follow a lognormal distribution and analysed using a linear normat model

{ANOVA) that included effect of ireaument. period and random effect of subject. The model was used to estimate

s  the ratio between the energy intake (with a preload paradigm) after administration of liraglutide and the energy
intake {with a preload paradigm) after administration of ghimepiride.

»  the ratio between the energy intake (with a preload paradigm) afier adminisiration of liraglutide and the energy
intake (with a preload paradigny) after administration of placebo.

The comparison of liraglutide versus ghimepiride and the comparison of liraghutide versus placebo were analysed

Jjointly in the same model. The hypothesis that the ratios should be equal to 1 (corresponding 1o no treatment effect)

was tested by a two-sided test at a 5% significance level.

Secandary Analyses

Efficacy variables that were assumed to follow a normal distribution were analysed in a linear normal model

(ANOVA) including cffect of weaunent, period and a random effect of subject. In these cases the model was used o

estimaie

» the difference between the cificacy variable afier administration of liraglutide and the efficacy variable after
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administration of glimepiride
o (he difference between the efficacy variable after administration of liraglutide and the efficacy variable after
administration of placebo
The comparison of liragiutide versus glimepiride and the comparison of liraglutide versus placebo were analysed
jointly in the same model. The hypothesis that the difference should be equal 1o § (corresponding to no treatment
effect) was tested by a two-sided test at a 3% significance level.

¢ The energy intake (without a preload paradigm) and the relative amount of energy intake in each of the
macronutrient groups were analysed by a model idemtical to the one used for the primary PD endpoint.

»  Meal duration and all VAS-rating endpoints were analysed by the mode} described above.

s Antral Area: the fasting antral arca prior to the preload period, the average antral avea during the preload period
and the apiral area prior to the buffet meal period were analysed by a model corresponding to the one described
for the primary PD endpoint with the addition of a centre effect. The change In antral area was analysed by the
model described above with the addition of a centre effect. The time at which the anteal area decreased 10 75% of
the maximum antral area and the time at which the antral area decreased o 50% of the maximum antral area are
tabulated. :

s Gastric Emptying: Cuae AUCoemio AUCh 5000 284 AUCqs0min’ AUCo200mis Were analysed by a model
corresponding to the one deseribed for the primary PD endpoint. The analysis of 4., was performed by use of
non-parametric methods for paired samples. The median dilference of {y,, (glimepiride versus liraghutide and
placebo versus liraghutide) was estimated together with a 95% confidence interval using the Hodges Lehmann

estimator.
o The resting energy expenditure and the change in efficacy variables were analysed by the model described
above.

Explorative Analyses

It was expected that some of the efficacy variables measured during the test days would be correlated. To explore this

further a Hinear normal model (analysis of covariance, ANCOVA) that included effects of treatment, period, random

eilect of subiect plus the cffects of one or wore covariates and potentially an interaction between treatment and the

covaniates was applied. The expected difference in the efficacy variable associated with a given difference in the

covariate was cstimated together with a 95% confidence interval. The effect of glimepiride and placebo compared

with liraglutide was estimated in a manner similar to the one described under the ANOVA model (see above).

The following was analysed:

»  The relatonship between the energy intake and the fasting antral area prior 1o the preload period.

*  The relationship between the energy intake and the antral area prior to the buffet meal period.

*  The relationship between the energy intake and the change in antraf arca from -10 to 60 min.

*  The relationship between the energy intake and the average antral area.

¢ The relationship between the energy intake and the average sensation of hunger, fullness. satiety and nausea
during the preload petiod.

o The relationship between the 24 I resting energy expenditure and puise

Safety _

The assessment of safety parameters was based on descriptive statistics.

Demography of Trial Population

Twenty-seven (27) male and 19 females with type 2 diabetes were enrolled in the trial. Forty-four (44} subjects were
white and two were of other origin. The subjects were between 38 and 65 vears of age. Thirty-three (33) subjects
were in OAD monotherapy treatiment prior to the trial and 13 were diet treated. The mcan HbA), was 7.4%. The
subjects had a BMI between 27.0 and 39.9kg/nr".

Efficacy Results
¢  Energy Intake
—  The estimated reduction of energy intake was 9% at the ad Ibirum buifet-style meal including a preload
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paradigm after liraglutide weatment compared to both placebo and glimepiride (the ratios of the cnergy
intake with 95% Cls were 0.91 [0.78; 1.06] and 0.91 [(.78; 1.07] respectively).

~  No statistically significant difference for the encrgy intake between firaglatide treatment versus placebo and
glimepiride at the ad Hibinnn meal including a preload paradigm was found.

~  The estimated reductions of energy intake were 9% and 15% at the ad fibitum meal without a preload
paradigm alter liraghutide treatinent compared to both placebo and glimepiride (ihe ratios of the energy
intake with 93% Cls were 0.91 [0.76; 1.09] and 0.85 [(.70: 1.03] respectively).

Macronutrient Distribution, Duration of Eating and Sensations of Appetite (Hunger, Fullness and Satiety)

and Nausea

—  The duration of eating at the ad libitum buffet meal including a preload paradigm was shorter afier weannent
with iraglutide compared to placebo (estimated difference -4.3min, 95% CI [-6.9: -1.7]) but no significant
difference was found between liraglutide and glimepiride eatment. No significant difference of the
duration of eating at the meal without a preload paradign was found between liraghitide and glimepiride or
placebo treatment.

—  No statistically significant differences between liraglutide and glimepiride or placcbo treanmert were found
with respect 1o the macronuiricnt composition,

- A statistically significantly lower fasting sensation. Ry, uo pretosa. O hunger was observed after liraglutide
reatment compared to placebo and glimepiride (estimated difference <20 mm, 95% C1{-28.3; -11.7] and
estimated difference -11.7 nim, 95% CI [-20.4; -2.92] respectively).

—  No statistically significant differences were observed for all other endpoints regarding appetite sensations
and nansea between liraghitide and glimepiride or placebo treatiments,

Gastric Distension (Antral Area Measured by Ultrasound)

~  No statistically significant differences between any of the wreatments were found for the endpoints derived
from the antral images. :

~  No statistically significant relationships were observed between the effects of liraglutide on appetite and
aniral area.

—  No statistically significant relationship between energy intake and any of the derived variables of antral area
was found,

Gastric Emptying (Assessed by Paracetamo) Concentrations)

—  The mean paracetamol AUCqz00min of liraglutide treatment was significantly lower compared to placebo
(estimated ratio 0.88, 95% CI [0.80: 0.96}) but not significantly different from glimepiride {estimated ratio
0.93,95% CI[0.85; 1.03].

- The mean paracetamol AUCq.goumin i01d Cuuny after liraglutide treatment were sighificantly lower compared
with placebo and glimepiride (estimated ratios of AUCy gomn: 0.62, 95% CI {0.52; 0.73] and 0.67, 95%
CI{0.56: 0.80F estimated ratios of G 0.80, 95% C110.72; 0.89] and 0.85, 95% C1[0.76; 0.95].

—  The mean part of paracetamol exposure that appeared within the first postprandial hour
(AUCh.00min’ AUCo.z0mm) Was significantly tower after liraghutide treatment compared with placebe and
glimepiride {cstimated ratios 0.70, 98% CI{0.62; 0.79] and 0.71, 95% C1{0.62; 0.81]).

~  Paracctamol 1., occurred on average 20 minutes later afier liraglutide reatment compared with placebo and
glimepiride. '

Resting Encrgy Expenditare

- The estimated change in mean 24-hour resting coergy expenditure was 576 kJ higher afier liraghutide
treatment compared with placebo (95% Cl [-132: 1285)) and 270 kJ higher compared with glimepiride (95%
CI{-483; 1022)) but the result was not statistically significant.

Body Weight and Waist Circumference

~  Liraglutide significantly lowered the mean body weight 1-2 kg after 4 4-weck treatment period compared to
placebo or glimepiride (estimated difference -1.31 kg, 95% C1[-2.06; -0.56] and -2.02 kg, 95% C{[-2.79: -
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»

1.24]).

— No significant difference in waist circumicrence was found afler a 4-week treatment period.

Fasting Plasma Glucose. Hormones, Lipids and Anti-inflammatory Markers

— Liraglutide significantly lowered the mean fasting plasma ghuicose after a 4-week treatment period compared
1o placcbo and glimepiride treatment (estimated difference -3.21 mmolL. 95% CI{-4.11; -2.30} and -1.37
mmokL, 95% C1{-2.29; -0.4419. however, there were no differences regardiess of treatment for insalin and
glucagon levels.

- Liraglutide significantly suppressed the mean peptide YY concentration afier a 4-week trentment period
compared to placebo and glimepiride (estimated difference -34.0, 95% CT[-34.2; -13.8] and -37.4. 95% (1
[-58.5.-16.3). '

~ A significant difference between liraglutide and placebo treatment was found in the change from bascline in
mican adiponeclin (estimated difference -1.23, 95% CI {-2.16; -0.29]) but not between Lraglaide and
glimepiride reatment (estimated difference -0.38, 95% C1 {-1.34; 0.57]).

- Liraghuide significantly lowered the concentration of hsCRP afier the 4-week ireatment period compared to
glimepiride {estimated difference -3. 13, 95% C1[-6.02; -0.24]) but not compared 10 placebo {(estimated
difference -2.35, 95% CH[-5.17; 0.48)).

— Nossignificant difference between liraglutide and placebo or liraglatide and glimepiride were found for

4-week treatment period.

Safety Results

*

»

TEAEs were reported by 54.8%, 67.7% and 40.0% of the subjects when treated with liraghutide, glimepiride and
placebo respectively. The most frequently reported AEs for livaglutide and glimepiride were gastro-intestinal
disorders such as nausea (16.1% and 12.9% respectively). diarrhoea (6.5%) and constipation (6.5%, and
nervous system disorders as headache (19.4% and 22.6% respectively). The frequency of AEs of gastro-
intestinal disorders appeared to be similar for liraglutide and glimepiride (29%; but less for placebo (13.3%).
The most fiequently reported AEs for placebo treatment were headache (13.3%), nasopharyngitis (13.3%),
nausea {6.7%) and dizziness {6.7%). »

The majority of AEs were mild and moderate. The 11 severe AEs reported after treatment with liraglutide (4),
elimepiride (4) and placebo (33 were gastro-intestinal and nervous system disorders.

Four (43 subjects withdrew from the trial duc to non-serious AEs. Three (3) subjects withdrew during liraghutide
treatment due to diarrhoea, depressed mood and erythema, respectively, and 1 subject withdrew during
glimepiride treatment because of nausea. anorexia and anxicty. All AEs leading to withdrawal were considered
by the investigator fo be possibly or probably related 1o trial products,

No serious AEs were reported during liraglutide treanment but 3 serious AEs were reported by 2 subjects in
glimepiride treatment. One (1) subject experienced abdominal distension, constipation, gastro-ingestinal pain and
vomiting on the same day and | subject experienced abdominal pain. For both subjects. the serious AEs {gasiro-
intestinal disorders) were assessed by the investigator 10 be possibly related fo trial product.

Eleven (11) hypoglycacmic episodes. al] symptoms only, were reported. Three (3) episodes occurred during
firaglutide treatiment, 6 during glimepiride reatment and 1 during placebo treatment).

No safety concerns were raised from vital signs or laboratory measurcments.

Conclusions

*

The estimated reduction of energy intake was 9% to 15% when treated with liraglutide compared to glimepiride
or placebo, however, no statistically significant difference of the energy intake between liraghutide treatinent
versus placebo and glimepiride was found at the ad /ibitn mesls.

The duration of the ad libitum buffet-style meal including a preload paradigim was shorter after treatment with
liraglutide compzred to placebo whereas no difference was found between the macronutrient compositions of the
meal regardiess of reatment,
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*  Asignificant lower fasting sensation of hunger at the meal without a preload was observed after liraglutide

treatment compared 1o placebo and glimepiride. No other clfects of liraghuide on sensations of appetite (hunger,

fullness and satiety) and nausea were found.

¢ All subjects enrolied in the trial reported low ratings of navsea during the entire period.

»  No treatment effect was found regarding antral area (gastric distension).

¢ Liraglutide caused a minor delay in the postprandial rate of gastric emptying.

s Nosignificant effect of treatment on enerey intake adjusted for sensmions of appetite was found,

¢ No relationships between energy intake and antral area were found.

»  The change in resting encrgy expenditure was 576 kJ and 270 kJ higher afier Hraghutide treatment compared
with placebo and glimepiride but no difference of the resting enerey expenditure (24 hour) regardless of
reatment was found.

»  Liraglutide lowered the body weight by 1-2 kg compared to placebo or glimepiride. No change in waist
circumference was found.

«  Limgluiide lowered the fasting plasma glicose by 3.21 mmol/L (compared to placebo) and 1.37 mmol/L
{compared 1o ghimepiride). No differences were found in the levels of fasting insulin and shucagon regardless of
treatment,

+  Liraghuide suppressed the peptide YY concentration compared to placebo and glimepiride.

*  Nooverall effect of liraglutide on ghrelin, GIP, leptin, lipids or TNFo was found.

*  Liraglutide lowered the concentration of hsCRP (when compared 10 glimepiride) and the concentration of
adiponectin (when compared to placebo). however, the result was inconclusive,

*  No SAEs were reporied during lraglutide treatment (8 SAEs reported by 2 subjeets in glimepiride treatiment).
AEs were generally of mild or moderate severity. The frequency of AEs was higher during liraglutide and
ghimepiride treatment than during reatment with placebo, The most frequently reported AEs were related 1o the
gastro-iniestinal and the nervous system (primarily headache) regardless of treaunent,

The trial was conducied in accordance with the Declaration of Helsinki (52" WMA General Assembly, Edinburgh,
Scotland, October 2000. Last amended with Note of Clarification on Paragraph 29 by the WMA General Assembly,
Washington 2002 and ICH Good Clinical Practice (1996),
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427  BE-Evaluations (NN2211-1331, 1636, 1692, 1693)

NN2211-1331

Title: A randomized, single-blind, single-centre, two period, cross-over trial investigating the
bioequivalence between completed Phase 2 and planned Phase 3 formulations of liraglutide in
healthy subjects

Investigator and Study Center(s):
Dr. Med. Margarete Miiller
AAI Deutschland GmbH & Co KG

Trial Sites

AAI Deutschland GmbH & Co KG
Wegenerstrafie 13

89231 Neu-Ulm, Germany

Study Sponsor:

Novo Nordisk A/S

Novo Allé

2880 Bagsvaerd, Denmark

Bioanalytical Analysis:

-

/ - b(4)

STUDY PERIOD: 28 May 2004 (Trial Initiated) to 12 July 2004 (Trial Completed)

Objective:
The primary objective of this study was to test for bioequivalence of two formulations, based on
AUC(0-t) and Cmax, after a single subcutaneous (s.c.) dose of two formulations of liraglutide

The secondary objective of the study was to
* To estimate the relative bioavailability (Frel) between the two formulations of liraglutide
based on AUC (0-t) and AUC (0-w0), and to estimate tmax and t% of liraglutide.
¢ To test for equivalence of two formulations of liraglutide, based on AUC(0-00).
* To evaluate the safety of two formulations of liraglutide.

~ Rationale for the Trial:
The trial was performed in order to determine whether two formulations of liraglutide, from
completed Phase 2 and planned Phase 3, are bioequivalent after single doses in healthy subjects.
The change in formulation from Phase 2 to Phase 3 consisted of the switch of isotonic agent from
mannitol to propylene glycol.

Study Design:
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The trial was a randomised, single-blind, single-centre, two-period, cross-over trial designed to
test for bioequivalence between the two formulations of liraglutide, i.e. formulation from
completed Phase 2 studies and planned Phase 3 studies.

In this trial a s.c. administration of single doses of liraglutide were administered to healthy male
and female subjects on two different occasions, separated by a two-week wash-out period. The

total duration of the trial for the individual subject was up to 7 weeks.

Figure 1: Trial Design

e
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Screening . L Follow-up
21 Ames Period 1 Period 2 o e oaoo
max. 21 days after 3 - 7 days
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Vigit 1 Visit 2 Visit 3 Visit 4

Treatment A: Liraghtide 6.25 mg/mL (Phase 3 formulation), | mg s.c. in the abdomen
Treatment B: Liraglutide 5 mg/ml {Phase 2 formulation), 1 mg s.c. in the abdomen

The trial comprised the following visits:
=  Visit 1 (Screening)
®  Visit 2 (Dosing of first dose): in-house with 3 nights, within 3 weeks after Visit 1
*  Visit 3 (Dosing of second dose): in-house with 3 nights, 14 days after first dose
* Visit4 (Follow-up): within 3-7 days after completion of Visit 3

Blood samples for estimation of the liraglutide plasma concentrations were drawn at Visit 2 and
3; before dosing at -30 and -15 minutes, and at 2, 4, 6, 8,9, 9.5, 10, 10.5, 11, 11.5, 12, 12.5, 13,
13.5, 14, 14.5, 15, 16, 24, 36, 48 and 60 hr after dosing.

Study Population:

Twenty two healthy volunteers were enrolled in this study. The mean age of the study population
was 32.5 years (range 19 to 43 years). Table 1 below shows the demographics of the enrolled
patients.

Table 1: Baseline Demographics of Study Population.

N Miuumun Median Maximum Mean Std-Dev.
Age [years] 22 19 36 43 325 8.1
Body Weight {kg] 22 49.6 7475 89.8 72.66 124
Height [m] 22 1.57 18 1.89 1.7 a1
BMI [ke/m?] 22 19.6 2375 27 2373 24

Investigational Product and Dose Selection:
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Liraglutide was supplied by Novo Nordisk A/S as 5 mg/mL and 6.25 mg/mL trial products,
respectively, in 1.5 mL Penfill cartridges, a formulation of 5 mg/mL (pH = 7.4, mannitol) and a
formulation of 6.25 mg/mL (pH = 7.7, propylene glycol), respectively. NovoFine®G30 needles
{8mm) were used for administration.

The 1 mg liraglutide dose (corresponding to 200 pl= 20 click of Phase 2 formulation (5 mg/mL)
and to 160 pl= 16 click of the Phase 3 formulation (6.25 mg/mL) was administered by the
investigator subcutaneously in the abdomen by means of a NovoPen® and NovoFine®G30
needles.

Table 2: Batch number of product used in this trial

Trial Product Dose Batch Number  Expiry Date
Liraglutide 6.25 mg/mL 1 mg correspondmg to 160 pl NLDPG16 09 Tune 2005
(Phase 3 formulation) (=16 clicks)

Liraglufide 5 mg/mL 1 mg corresponding to 200 ul LLDPOO7 02 October 2005
(Phase 2 formulation) {= 20 chcks)

The chosen dose of 1 mg for this trial was the highest single dose, which was well tolerated in the
previously performed single dose study (NN2211-1 149) without causing unacceptable nausea and
vomiting. The selected dose was not expected to result in hypoglycemic events. Furthermore, the
dose was sufficient to give measurable plasma concentrations up to 60 hr post dosing.

Bioanalysis:

Quantitative assessment of liraglutide was done using enzyme immunoassays (ELISA). The
lower limit of quantification of the assay was 18 pmol/L. The calibration curves were analyzed at
liraglutide concentration range of 18 pmol/L to 4500 pmol/L. The precision of the assay, as
determined from analysis of quality control samples ranged between ~ The mean
accuracy (% Bias) ranged between . Between-batch precision (%CV) results of the
calibration standards of liraglutide was less than or equal to 5.9 % and accuracy (%Bias) ranged
from

Data Analysis:

AUC (0-t), AUC (0-0), Cmax, and t'2 were compared statistically between treatments by analysis
of variance (ANOVA) after logarithmic pre-transformation, HVD without transformation. The
model included effects of subject, visit and treatment. Ratios between the two formulations were
estimated with 90% confidence intervals. tmax was compared between treatments by the
corresponding nonparametric methods. Bioequivalence could be declared if the confidence
intervals for the ratios of AUC(0-t) and Cmax were fully contained within the limits (0.80, 1.25).
Safety data were evaluated descriptively only.

Pharmacokinetics Results: _
The mean plasma concentration time profile of liraglutide is shown in Figure-1. The mean plasma

liraglutide concentration profiles were almost identical for the two trial products.

Figure 1: Mean Plasma profile of liraglutide by formulation-linear scale
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Shudy Times [h]
Treatment 5 A ——+ B

A : Phase 3 formulation (n=21), B : Phase 2 formulation (n=22

The summary of pharmacekinetic parameters of llraglutlde from Phase 2 formulation and Phase 3
formulation is presented below in Table-3.
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Table 3: Summary Statistics for the Pharmacokinetics Endpoints by Formulation.

Parameter A Phase 3 formulation {n=21) B : Phase 2 formulation (n=22)
AUCOH-t) [h*amol/L] 451 (23%6) 482 (27%)
AUC(0-22) [h¥*amol/L] 508 (25%) 515 {26%)
Come [nmolL} ' 19.9 (23%) 20.5 (25%)
tms 12} - median and range 12 (9-13) 13(9.5-16)
ty [h] 12.2 (14%) 11.7 (21%)
HVD [h] - mean and %CV 21.6 (26%) 21.5 (20%)

The statistical results of the comparisons between Phase 2 formulation and Phase 3 formulation
for the primary endpoints are summarized in Table 4.

Table 4: Statistical Analysis for the Pharmacokinetics Endpoints by Formulation

Parameter - Method Ratic A / B with 90% Confidence Interval
AUC(0-t) - ANOVA(In) 97.63% (92.03%. 103.55%)
AUC(0-00) - ANOVA(ID) 98.03% (92.83%, 103.50%)

Coue - ANOVA(D) 96.32% (89.18%, 104.01%)

tmax [B] - difference, nonparametric -0.25h (-1h. +0.25h)

by - ANOVA(In) 104.96% (96.81%. 113.78%)

HVD - ANOVA 101.15% (92.51%, 109.79%)

The relative bioavailability Frel of the Phase 3 formulation compared to the Phase 2
formulation was estimated at 98%. Based on the pre-defined criteria based on AUC(0-t) and
Cmax, but also based on AUC(0-w0), it can be concluded that the two formulations are
bioequivalent.

Summary of pharmacokinetic results

* The relative bioavailability Frel of the Phase 3 formulation compared to the Phase 2
formulation was estimated at 97.63% based on AUC(0-t) with the 90% confidence
interval (CI) ranging from 92% to 104%, and at 98.03% based on AUC(0-w) (CI: 93%
104%). The between treatment ratio was 96.32% for Cmax (Cl: 89%-104%). In all cases
the confidence intervals were fully contained within the (80%, 125%)-acceptance range.

* Mean concentration-time profiles of both preparations were very similar with a slow
absorption phase, reaching a maximum plasma concentration approximately 8 hours after
dosing.

* The maximum concentration Cmax was estimated at 19898 pmol/L for the Phase 3
formulation (geometric LS mean, n=21) and at 20659 pmol/L for the Phase 2 formulation
(n=22).

* The median tmax value was 12 (Phase 3 formulation) or 13 hours (Phase 2 formulation).

* The last sample, taken 60 hours after dosing, in the mean still contained about 1500
pmol/L. Terminal half-lives were estimated at approximately 12 hours.

* The mean half-value duration (HVD) was 21.8 h or 21.6 h, respectively.
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Safety Conclusions

As to adverse events, both treatments were safe and well tolerated. No serious adverse
events were reported and none of the subjects withdrew due to an adverse event.

In total, 48 treatment-emergent adverse events were reported, 16 events after Treatment
A (liraglutide 6.25 mg/m, Phase 3 formulation) and 32 events after Treatment B
(liraglutide 5mg/mL, Phase 2 formulation). Most of the adverse events were mild in
intensity (28 events were mild, 16 were moderate and 4 were severe). Forty-one (41)
adverse events were considered to be probably or possibly drug-related. As expected, the
most frequently reported adverse events were gastrointestinal disorders.

The following probably or possibly drug-related adverse events were reported: Nausea,
vomiting, retching, stomach discomfort, gastrointestinal pain, upper abdominal pain,
abdominal pain, abdominal distension, diarrhoea, malaise, headache, fatigue and
dizziness.

For laboratory tests, only single values outside the reference range were observed without
obvious trend or pattern. Mean values of the laboratory parameters assessed remained
quite stable during the course of the trial.

Mean blood pressure and pulse remained stable after dosing of both treatments.

Physical examinations were without clinically relevant findings.

There were no indications that any of the ECG parameters were affected by one of the
treatments.

No episodes of hypoglycemia were observed.

Overall Conclusions

The results from this trial in healthy subjects demonstrated that:

Based on the pre-defined criteria of AUC(0-t), Cmax, and AUC(0-c0), it can be concluded
that the two formulations are bioequivalent.

The relative bioavailability Frel of the Phase 3 formulation compared to the Phase 2
formulation was estimated at 98%.

For both formulations equally, tmax was estimated at about 12 to 13 hours, HVD at about
22 hours and t'% at about 12 hours.

There were no indications of any clinically relevant differences of the two formulations
of liraglutide, with respect to safety, when administered as a subcutaneous single dose of
1 mg.

Reviewer’s Comment:

The overall study design and data analysis seems reasonable except that the sponsors used a dose
of 1.0 mg in this bioequivalence study, whereas the highest proposed dose is 1.8 mg. The
sponsor’s rationale for using a lower dose is the better tolerability profile expected from the lower
dose due to decreased incidences of gastro-intestinal and hypoglycemic adverse events.
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NN2211-1636

Title: A randomized, double-blind, single-centre, three-period, cross-over trial in healthy subjects
investigating the bioequivalence between each of the two new liraglutide formulations at pH 7.9
and 8.15 and the planned Phase 3 formulation at pH 7.7.

Title of Trial A randomised, double-blind, single-cenire, three-period, cross-over trial
in healthy subjects investigating the bioequivalence between each of the
two new hiraghutide formulations at pH 7.9 and 8.15 and the planned
Phase 3 formulation at pH 7.7

Trial ID NN2211-1636
Development Phase Phase 1

IND Number (US only) | Not Applicébie

Compound Name Liraglutide
Indication Diabetes mellitus
Investigator

Trial Site

Trial Initiated 13 January 2005
Trial Completed 30 March 2005
Sponsor Global Development, Novo Nordisk A/S

Director, Medical & Milan Zdravkovic, MD, PhD
Science - Liraglutide  |Novo Nordisk A/S

Tnternational Trial Marianne Ekblom, PiD
Manager Novo Nordisk A/S

Local Trial Manager  |Elie Antoun, Novo Nordisk Pharmaceuticals Pty Ltd

Statistician Charlotte Hindsberger, PhD, Novo Nordisk A/S
Medical Writer Julie Maubach Edmed, PhD, Novo Nordisk A/S
Report Date 24 August 2005

This trial was conducted in accordance with the Declaration of Helsinki and Goed Clinical Practice.
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TITLE OF TRIAL :

A randomised, double-blind, single-centre, three-period, cross-over trial in healthy subjects investigating the
bioequivalence between each of the two new liraglutide forinulations at pH 7.9 and 8.15 and the planned Phase 3
formulation atpH 7.7

INVESTIGATOR

The signatory and principal investigator in this trial was Patrick Walker, MD, CMAX, Level 5, East Wing, Royal
Adelaide Hospital, North Terrace. Adelaide, South Australia 3000, Australia

TRIAL SITE _
The trial was conducted in one centre: CMAX, Level 3, East Wing, Royal Adelaide Hospital, North Terrace,
Adelaide, South Australia S000, Australia

PUBLICATIONS

None

TRIAL PERIOD DEVELOPMENT PHASE
13 January 2003 until 30 March 2005 Phase 1

OBJECTIVES

Primary Objective:

e To test for bioeguivalence between each of the two new liraghutide formulations at pH 7.9 and 8.15 and the
planned phase 3 formulation at pH 7.7, based on AU and Oy, after a single subcutaneous (s.c.) dose.

Secondary Objectives:

* To estimate the relative bioavaiabilities (F) between the three formulations of liraglutide based on AU, and
AU Cpoon, and 10 estimate £, and £, of liraglutide.

s To cvaluate the safety of three formulations of liraglutide, )

In both the trial protocol and statistical analysis plan, liraglutide at pH 7.7 has been referred to as the planned phasce 3

formulation. However, this Integrated Clinical Trial Report will refer to liraglutide at pH 7.7 only, as the fornlation

used in the phase 3 programme may be different.

METHODOLOGY

This was a single-centre. randomised, double-blind, three-period, cross-over trial in healthy subjects. All subjects were
to receive 0.75 mg liraglutide s.c. at three different pH values; pH 7.7, 7.9, and 8.15 and on three different occasions,
All doses were administered in the evening using a NovoPen™ (3 mL) injection device. The trial included a screening
visit followed by three dosing visits, spent in the trial facility and lasting four days each, and a follow-up visit. Each
dose was followed by blood sampling (60-hour profiles) and was separated by a 14-day washout period. A number of
safety parameters were jnvestigated throughout the triad.

NUMBER OF SUBJECTS PLANNED AND ANALYSED
Forty-two subjects were screened, 24 subjects entered the trial, and 22 subjecis completed the trial. Al 24 subjecis
were included in both the pharmacokinetic and safety analyses.

DIAGNOSIS AND MAIN CRITERIA FOR INCLUSION

Healthy subjects of both sexes, aged 18-50 years, and with a BMI between 18-27 kgt (both inclusive) were eligible
for inclusion into the trial. Informed consent was obtained for cach subject prior to the start of any twial-related
activities.
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TEST PRODUCT, DOSE AND MODE OF ADMINISTRATION, BATCH NUMBER

Liraglutide in 6.25 mg/mL solutions were delivered in pre-filled cartridges 1o be used in a disposable pen device

| (NovoPen™. 3 mL) i the following pH values: pH 7.7 (batch number PLDP02), 7.9 (batch number PLDP003), and
8,15 (batch number PLDPOO4). A single dose of .75 mg (corresponding to 120 uL) was administered subcutancously
in the abdomen of the pariicipating subjects.

DURATION OF TREATMENT

Three single doses of liraghuide at different pH levels were administered in the trial. The total 1rial duration for each
subject was up to 11 weeks.,

REFERENCE THERAPY, DOSE AND MODE OF ADMINISTRATION, BATCH NUMBER

Not applicable.

CRITERIA FOR EVALUATION - PHARMACOKINETICS

“The pharmacokinetic results were based on concentration-tinie curves of liraglutide afier administration of liraglutide
alpH 7.7, 7.9 and 8,13 in plasma up 10 60 hours (22 time-points) afier dose administration,

CRITERIA FOR EVALUATION —~ SAFETY

The safety evaluation was based on physical examinaiion, vital signs, ECG, adverse cvents, thyroid ultrasonography,
clinical laboratory assessments (haematology. clinical chemistry, urinalysis, and thyroid safety paramelers),
hypoglycaemic episodes, and bed-side glucose monitoring.

STATISTICAL METHODS

*  Primary pharmacokinetic analvsis

AUC . and €, were determined afier a single, subcutancous dose of liraglutide at pH 7.7, 7.9, and 8.15,
Comparisons of the three formulations were performed using a linear normal mode! {Analysis of Variance; ANOVA)
for the Jog transformed values of AUC,.,, and . respectively. The model included effects of period, formulation
and s random effect of subject. Using this model, the ratios of the two formulations with pH 7.9 and 8.15,
respectively, and the formulation of pH 7.7, were estimated with 90% confidence iniervals {C1). The estimated ratios
and Cls were retransformed from the log values after analysis. Bioequivalence was defined as having the CI for both
AUy and Cyy entirely contained within [0.80, 1.25].

o Secondwry pharmacokinetic analvsis .

The relative bioavailabilities (#.) of the three formulations of liraghutide were calculated using AUC, yand AUCq...,.
Comparisons of 4UC ..., and 11, were performed for the different formulations as described for the primary endpoints.
The analysis of Ly, was performed by the use of non-parametric methods for paired samples. The difference in
medians between the two formulations (pH 7.9 and 7.7 and pH 8.15 and 7.7) was estimated with a 90% Cl using the
Hodges-Lehmann estimator.

*  Safery

All adverse events were listed by subject, including demographic information. MedDRA system organ class and
MedDRA preferred term. Treatment emiergent adverse events were additionally semmarised by formulation. Clinical
laboraiory parameters, including thyroid safety parameters, plasma glucose, vital signs, and ECG, were summarised
by formulation and/or sample time using descriptive statistics. Abnormal laboratory daia was listed separately.
DEMOGRAPHY OF TRIAL POPULATION

The 24 participating subjects (13 males and 11 females) had a mean age of 25 years (range 18 1o 45 years), mean
weight of 70 kg (range 51 10 93 kg). and a mean BMI of 23 keg/n?® (range 18 to 27 kg/n’*). Twenty-one subjects were
white, two were Asian/Pacific Islanders, and one was referred 10 as other (Eurasian).
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PHARMACOKINETIC RESULTS
* Bioequivalence was demonstrated for liraghutide for pH 7.9 and pH 7.7, and for pH 8.15 and pH 7.7 with respect
1o the primary endpoints. as the CI of the ratio of the corresponding values were entirely contained withia the

interval from 0.80 to 1.25 required for the demonstration of bioequivalence.

pH 7.2 / pH 7.7 pH B8.15 / pH 7.7

ARUC{0~t) {pmol *h/L)

Cmax (pmol /L)

Estimate
Upper 50%
Lower 90%

Estimate
Upper 90%
Lower 90%

limit
limit

limit
limit

DL

.83
.98
.89

.53
.40
.88

* Additionally, bicequivalence was supported by the secondary endpoints AL/Cy..., and 1,5, having Cls entirely
contained within the interval from 0.80 10 1,25,

o Similar results for /,,.c were obtained with all three pH formulations.

pH 7.9 / pH 7.7

pH 8.18 / pH 7.7

AUC{C-inf) {pmol*h/L} Estimate 6.94 1.02
Uppexr 90% limit 0.%8 1.07

Lower 90% limic .50 G.98

t1/2(h; Estimate 1.81 0.98
Upper 50% limit 1.10 1.07

Lower 9%0% limit 0.93 0.380

pH 7.9 - pH 7.7 pH B8.15 - pH 7.7

tmax (h} Estimate -06.75 -0.50
Uppar 80% limit .28 1.00

Lower 80% limit -2.080 -2.00

SAFETY RESULTS

e Allthree formulations of liragluiide were well wolerated when adminisiered as a single 0.75 mg s.c. injection.
¢ - There was one serious adverse event in the trial. This subject experienced vomiting of a moderate severity afier
the first liraglutide administration (pH 8.15) and was admitted to hospital, where he received intravenous fluids

and anti-emetics. The subject fully recovered and was discharged from hospital iwa days after dosing. The

relation (o trial drug was considered probable by the principal investigaior and the subject was withdrawn from

the trial.

e A rotal of 63 treatment emergent adverse events experienced by 20 subjects were reporied. The incidence of
treatment emergent adverse events was similar following administration of all three liraglutide formulations (50,
G, and 42% at pH 7.7, 7.9, and 8.13, respectively), The most commonly reported events were gastrohistestinal
disorders (vomiting and nausea) and nervous systemn disorders (headache and dizziness), where relation to frial
drug was possible or probable. Most of these events were mild in severity and subjecis fully recovered within a

few days.

s There were no clinically significant and/or consistent drug-related changes in vital signs, physical findings,

thyroid safety parameters, or safety laboratory parameters afier administration of either of the three liraghatide

formulations.

e Overall, Jiraglutide at pH 7.7, 7.9, and 815 have comparable safety profiles.
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CONCLUSIONS

The results of this trial in healiby subjects demonsirated:

*  Bioequivalence between the formulations of liraghutide at pH 7.9 and 7.7 with respect 10 4 UCq.y and Coue
Additionally. biocquivalence was supported by the secondary endpoints AU/Cy..., and £ having Cls entirely
contained within the interval from 0.80 10 1.25. 1,,,, was similar for both formulations.

*  Bioequivalence between the formulations of liraglutide at pH 8.15 and 7.7 with respect 10 AU ay and Gy
Additionally, bioequivalence was supporied by the secondary endpoints A1/C..; and 71, having Cls entirely
contained within the inferval from 0.80 10 1.25. £, was similar for both formulations.

o One SAE relating to moderate vomiting was reported after liraglutide administration.

+  There were no climcally significant and/or consistent drug-related changes in vital signs, physical findings,
thyroid safety or sufety laboratory parameters afier administration of cither of the three livaglutide formulations.

The wrial was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice.

Reviewer’s Comment: »

The objective of this trial was to test the bioequivalence (BE) between each of the two new
liraglutide formulations at pH 7.9 and 8.15 and the planned phase 3 formulation at pH 7.7, based
on A/C (0-t) and Cmax, after a single s.c. dose. In this BE study the sponsor used 0.75 mg dose
of liraglutide, whereas the highest proposed dose is 1.8 mg. The sponsor’s rationale for using a
lower dose is the better tolerability profile expected from the lower dose due to decreased
incidences of gastro-intestinal and hypoglycemic adverse events.

Quantitative assessment of liraglutide was done using enzyme immunoassays (ELISA). The
lower limit of quantification of the assav was 18 pmol/L. The calibration curves were analyzed at
liraglutide concentration range of . ~7—=——=———  pmol/L. The precision of the assay, as
determined from analysis of quality control samples ranged between ~——"==x The mean
accuracy (% Bias) ranged between Between-batch precision (%CV) results of the
calibration standards of liraglutide was less than or equal to 8.6 % and accuracy (%Bias) ranged
from - . Overall, the sponsor’s study design and interpretation of pharmacokinetic and
BE data was reasonable and acceptable.
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NN2211-1692 (Pivotal)

Title: A randomized, double-blind, single-centre, two-period, cross-over trial in healthy subjects
investigating the bioequivalence between the Phase 3a formulation of liraglutide (formulation 4)
and the planned Phase 3b formulation (final formulation 4).

Investigator and Study Center(s):

Edward Hégestitt, M.D., Ph.D.,
Dept. of Clinical Chemistry and Pharmacology,
Lund University Hospital, Lund, Sweden

Trial Sites
Clinical Pharmacology, Phase 1 Unit, Lund University Hospital, Lund, Sweden

Study Sponsor:
Novo Nordisk A/S, Denmark
Bioanalytical Analysis:

_

/ |

Study Period: 29 January 2007 (Trial Initiated) to 16 April 2007 (Trial Completed)

b(4)

Objective:

The primary objective of this study was to test for bioequivalence, after a single s.c.
administration, of the phase 3a formulation of liraglutide (formulation 4) and the liraglutide
formulation planned for phase 3b trials and subsequent marketing (final formulation 4).

The secondary objective of the study was to estimate the pharmacokinetics and to evaluate the
safety of the two liraglutide formulations.

Brief Summary on Various Formulations Used in this NDA: -

Through out the development of this product changes have been made within chemistry,
manufacturing and control to give a more robust drug substance manufacturing process suitable
for commercial production. In addition, the drug product formulation and manufacturing process
has been gradually modified to give . - - )

. of the liraglutide formulation 2, used in e.g. the trials NN2211- 1326,
1551 (phase 1) and 1310, 2072, 1499, 1571 (phase 2), a new formulation of liraglutide at pH 7.7
(formulation 3) was produced. The bioequivalence of liraglutide formulations 2 and 3 was
demonstrated in trial NN2211-1331. The liraglutide formulation 3 was produced at three different
pH (pH 7.7, 7.9 and 8.15) and their bioequivalence was demonstrated in trial NN2211-1636. The
liraglutide formulation 3 (pH 7.7) was used in e.g. trials NN2211-1328, 1329, and 1334 (phase 1
and 2). - 2
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formulation 4 (pH 8.15). Formulation 4 was found to be bioequivalent with formulation 3 in trial
NN2211-1693. Formulation 4 has been used in phase 3a trials in the EU and US.

In liraglutide final formulation 4, the drug substance manufacturing process has been optimised
and the drug product manufacturing process has been up scaled from .. Final
formulation 4 is the formulation planned to be used in phase 3b trials and the formulation planned
to be marketed.

Study Design:

The current trial was a randomised, double-blind, single-centre, two-period, cross-over trial
designed to test for bioequivalence between the phase 3a formulation of liraglutide (formulation
4) and the phase 3b formulation (final formulation 4).

In total, 22 healthy subjects were to be included in the trial. All subjects were to be treated with
two formulations of liraglutide, formulation 4 and final formulation 4. The total duration of the

trial for the individual subject was up to 10 weeks.

Figure 1: Trial Design

Visit 1 Visit 2 Visit 3 Visit 4
Screening Daysitod Daysl {04 Follow-up
<6 weeks 14 (£ 2) days 3-7 days

washout
Fermulation 4 Formulation 4

Final Formulation 4 Final Formulation 4

In this study each subject attended 4 visits:

= The first visit was a screening visit where the subject’s eligibility was assessed.

= At Visits 2 subjects were admitted to the clinic for an in-house period, lasting for 3 days,
when they were dosed with the liraglutide formulations. The Visit 2 (dosing of first
formulation) was to take place within 6 weeks from the screening visit.

»  Visit 3 (dosing of second formulation) was to take place 14 (+ 2 days) from Visit 2.

*  Finally, a follow-up visit (Visit 4) was to take place 3-7 days after finalization of Visit 3.
The trial was a randomized, double-blind, single-centre, two-period, cross-over trial where two
single s.c. doses of liraglutide were administered to healthy male and female subjects in the
evening on two different occasions, separated by a 14 (£2) day wash-out period. The liraglutide
formulations, each in a dose of 0.72 mg, were given in the abdomen as a fixed volume of 120 pL
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(12 clicks) from a FlexPen®. All subjects were administered liraglutide at approximately 9-10
pm. The rationale for evening administration was to utilize the pharmacokinetic profile of the
drug with Cmax at 10-13 h after administration.

Blood samples for estimation of the liraglutide plasma concentrations were drawn at Visit 2 and
3; before dosing at -30 and -15 minutes, and at 2, 4, 6, 8,9, 10, 10.5, 11, 11.5, 12, 12.5, 13, 13.5,
14, 15, 16, 24, 36, 48 and 60 h after dosing.

Study Population: )
Twenty one healthy volunteers were enrolled in this study. The mean age of the study population
was 22 years (range 19 to 27 years). Table 1 below shows the demographics of the enrolled
patients.

Table 1: Baseline Demographics of Study Population.

All subjects

N=21
Age )
Mean {SD) 220210
Min — Max 19— 27

Sex (N (%))
Male
Female

19 (90.5%)

2 (9.5%)

Ethnic origin (N (29))
White

21 (100%)

Height {m)

Mean {SD) 1.81 {0.08)
Min — Max 165-196
Weight (kg) :
Mean (3D) T43{7.7)
Ain — Max 61.8-895
BMI (kg/m’)

Mean {SD) 236010
Min — Max 197 -264

SD = standard deviation

Investigational Product and Dose Selection:

The trial products during the treatment period were provided by Novo Nordisk A/S as follows:

Formulation 4: Liraglutide 6.0 mg/mL at pH 8.15, in pre-filled 3 mL cartridges dispensed

in disposable pen device :

- D) for s.c. injection.

Final formulation 4: Liraglutide 6.0 mg/mL at pH 8.15, in pre-filled 3 mL cartridges

dispensed in disposable pen device i —~—~————for s.c. injection.
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The difference between the two formulations of the product was a slight modification of the drug
substance manufacturing process to upscale in drug product production
from —— .. The products were indistinguishable from one another. There was a small
difference between actual drug content in the two trial products, although the drug contents wére
within product specifications. The actual drug content in formulation 4 was 5.87 mg/mL and the
actual drug content in final formulation 4 was 6.08 mg/mL. Since 120 pL of liraglutide was
administered on each dosing, this corresponded to an actual dose of 0.7044 mg of liraglutide in
formulation 4 and 0.7296 mg of liraglutide in final formulation 4.

Table 2: Batch number of product used in this trial

Drug Product Batch
~meee: Batch  Number (Bulk Batchk

Trial Product Dose Number Number) Expiry Date
Fonmulation 4 120 L of 6.0 mgAnLl.  SP51133 SQE0213 28 September 2807
Final Formulation4 120 gL of 6.0 mg/mL. SP351755 . 5Q320360 4 May 2008

The selected volume of 120 pL., corresponding to a dose of 0.72 mg, in the present trial was
within the expected therapeutic window of treatment, was not expected to give hypoglycaemic
episodes and was sufficient to give measurable plasma concentrations up to 60 hours post dosing.

Bioanalysis:

Quantitative assessment of liraglutide was done using enzyme immunoassays (ELISA). The
lower limit of quantification of the assay was 18 pmol/L. The calibration curves were analyzed at
liraglutide concentration range of 19 pmol/L to 5186 pmol/L. The precision of the assay, as
determined from analysis of quality control samples ranged between —————.___ The mean
accuracy (% Bias) ranged between 7. Between-batch precision (%CV) results of
the calibration standards of liraglutide was less than or equal to 10.9 % and accuracy (%Bias)
ranged from -12.3 to 7.6 %.

Data Analysis:

The primary endpoints were derived by the standard model-free, non-compartmental method.
AUC (0-t) was calculated by the trapezoidal method and Cmax was the largest observed
concentration during the 60 h post-dose blood sampling period. The comparison of the two
formulations was done by using a linear normal model (analysis of variance, ANOVA) for the
log-transformed values of AUC (0-t) and Cmax, respectively. The model included formulation
and period as fixed effects and subject as a random effect. Bioequivalence between the two
formulations was to be declared if the 90% Cls for the corresponding ratios of AUC(0-t) and
Cmax were fully contained within the limits (0.80, 1.25).

Pharmacokinetics Results:

The mean plasma concentration time profile of liraglutide is shown in Figure-1&2. The mean
plasma liraglutide concentration profiles were almost identical for the two trial products.
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Figure 1: Mean Plasma profile of liraglutide by formulation-linear scale

YLV
o F4 e Final F4
S0004

8000

£ 2 2 5

[er) B g g

) 8 8 g

—
s «t‘»?:-‘.zﬂ:-.-vrr:t-_\.

Concentration {pmol/L)

20001

g @
7;%%:&::««

1000+

e}
o i*“‘-‘f—?.w::b%

10 20 30 40 50 60
Nominal Time (hours)

Figure 2: Mean Plasma profile of liraglutide by formulation-logarithmic scale.
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The summary of pharmacokinetic parameters of liraglutide from formulation 4 and final
formulation 4 is presented below in Table-3

Table 3: Summary Statistics for the Primary Pharmacpkinetics Endpoints by Formulation.

Final Final Formulation 4/
Formulation 4  Fermulation 4 Formnlation 4
AUC, . tpmal x I¥L)
» 21 21 X1
ean 2710447 2715043 1.008
5D 44960 3 364142 3163
Geomefric ¥ean 2684741 2654631 [ G8%
Medisn 2800235 438262 Q.96
Idim
Max : ’ b(4}
Cpar {pmal x W)
N 21 21 A
Mean 977l 1036816 1063
S 16711 4330 3462
Geomsermic Mean De207 4792 8 1.018
Wedian . Q065 9178 3630
WM )
Max o

The statistical results of the comparisons between formulation 4 and final formulation 4 for the
primary endpoints are summarized in Table 4.

Table 4: Statistical Analysis for the Primary Pharmacokinetics Endpoints by Formulation

Final Formulation 4/

Formulation 4

AUCy .,

Estimate . G489
Lower G0%: Hmst 482
Upper 907 Hamit L06

L.

Estimate ‘ 102
Lewer 90%: hmes .81
Upper 80%% limit 134

From the results in Table-4, formulation 4 and final formulation 4 were demonstrated to be
bioequivalent because the 90% Cls for the corresponding estimated ratios of AUC(0-t) and Cmax
were entirely contained within the limits (0.80, 1.25).

Due to the difference between actual drug content in the two trial products, a supplementary
analysis was performed to correct for potential minor differences in the concentration of
liraglutide in the two applied batches. The results of the comparisons between formulation 4 and
final formulation 4 for AUC (0-t) and Cmax adjusted to actual drug content are summarized in
Table 5 The results showed that bioequivalence could be demonstrated for the ratios of AUC (0-t)
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and Cmax adjusted for actual drug content because the 90% Cls for the corresponding estimated
ratios were entirely contained within the limits (0.80, 1.25).

Table 5: Statistical Analysis for the Primary Pharmacokinetics Endpoints by Formulation-
Dose Adjusted

Final Formulation 4 / Formulation 4

AUC{0-t)
Estimate D.98
Lower 90% limit G.89
Upper $0% limit 1.03
cmax
Estimate 0.98
Lowar S0% limit a.88
Upper 90% limit 1.16

The results of secondary pharmacokinetic endpoints were AUC, tmax, t'4 and Az and these
endpoints are summarized for the pharmacokinetic analysis set in Table-6.

Table 6: Summary Statistics for the Secondary PK Endpoints of Liraglutide by
Formulation

Final Final Formulation 4/
Formulation 4 Formulation 4 Formaulation 4
AUC (pmel x WL}
N 231 21 21
Mean 293481.1 2829920 1.047
5D 571447 el 8.203
Greometric Mean 2887032 2B34B0.3 $.989
Wedian 2891493 2721839 $.941
i —rrnrrnrnre———
Ydax
ty (hy
N 21 21 21
Mean: 13.24 13.31 1022
sD 293 2.47 G.147
Hamuonic dMean 12.7 2.9 £.001
hiedian 13.14 12.92 1.045
Min
Max b(@
Ao (U7l - /
N 21 21 21
Mean 0055 9054 8.999
SD Q012 0.01 {.153
(eemettic dean 0034 3433 $.989
Wedian 0.033 4054 §957
Min
Max —_—
Formulation 4 Final Final Formulation 4 —
Formulation 4 Formaulation 4
Tz 1
N 23 21 21
Mean 12.57 12317 El 0]
5D 1.83 148 2.2935
Median 12 12 0
him
bdax
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Summary of pharmacokinetic results

*  Bioequivalence was demonstrated for liraglutide formulation 4 and liraglutide final
formulation 4 with respect to the primary endpoints (AUC(0-t) and Cmax), because the
90% ClIs of the corresponding ratios were entirely contained within the limits (0.80,
1.25). The estimated ratio for AUC(0-t) was 0.99 (CI: 0.92, 1.06) and for Cmax 1.02 (CI:
0.91, 1.14).

»  In addition, similar results for tmax were obtained for the two formulations.

= Bioequivalence could also be demonstrated for AUC(0-t) and Cmax adjusted for actual
drug content.

Safety Conclusions

= There were 34 adverse events reported by 17 subjects during the trial and all adverse
events were assessed as TEAEs (treatment emergent adverse effect). Of the 34 TEAEs,
20 were assessed as possibly related to trial treatment (11 to formulation 4 and 9 to final
formulation 4). The most commonly reported TEAEs related to the trial products were
nausea and headache. All TEAEs were mild or moderate and equally distributed between
the two formulations.

= No serious adverse events or deaths occurred during the trial.

= Four (4) clinically significant changes in laboratory values were recorded in 3 subjects
during the trial. All of the changes were transient and required no action taken. No
clinically significant changes in ECG or vital signs were recorded during the trial.

=  Both liraglutide formulations were well tolerated and no safety concerns were raised.

Overall Conclusions
The results from this trial in healthy subjects demonstrated that:
= Bioequivalence between liraglutide formulation 4 and liraglutide final formulation 4.
= After a single administration of liraglutide formulation 4 or final formulation 4 both
liraglutide formulations were well tolerated.

Reviewer’s Comment:

The overall study design and data analysis seems reasonable except that the sponsors used a dose
of around 0.7 mg in this bioequivalence study, whereas the highest proposed dose is 1.8 mg. The
sponsor rationale for using lower dose is because the lower dose is well tolerated.

Revised Analysis to Address the DSI findings on Bioanalytical Method

Sponsor generated an updated dataset, where samples affected by inconsistent acceptance of
analytical runs were excluded. This was followed by a review of the plasma concentration vs.
time profiles based on the updated dataset for validity in terms of calculation of AUCO-t and
Cmax (the primary endpoints). The criteria for including a profile for calculation of AUCO-t
were: 1) minimum one sample <10 hours post-dose and 2) acceptable number and scattering of
samples. The criterion for including a profile for calculation of Cmax was the presence of an
acceptable number of samples around the maximal concentration. This resulted in 19 of the
original 42 profiles being excluded for the calculation of AUCO-t and 17 profiles being excluded
for the estimation of Cmax. Three profiles were accepted for calculation of AUCO-t, although the
last sample was t = 48 hours (sample for t = 60 hours was missing). Mean profile (linear scale)
based on the updated dataset is presented in Figure below:
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Summary Statistics for AUCo-t (h*pmol/L) — Trial 1692
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Mean Profiles (Linear Scale) of Liraglutide Concentration in Plasma by
Formulation, Values used for AUC — Updated Dataset (Trial 1692)
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Comparison between Formulations (Final Formulation 4 / Formulation 4) —
Primary Endpoints — Trial 1692

Oz.n.ginal Analys:z.s Updated Analysis
cion & Fial £ lavion

RN

AU (D=1

Cmax

Based on the results of revised analysis:
The updated analysis results from Trial 1692 showed bioequivalence between Formulation 4 and
Final Formulation 4, which was in accordance with the original analysis results.

APPEARS THIS WAY
ON ORIGINAL
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NN2211-1693

Title: A randomized, double-blind, single-centre, two-period, cross-over trial in healthy subjects
investigating the bioequivalence between the Phase 2 formulation of liraglutide at pH 7.7
(formulation 3) and the Phase 3 formulation at pH 8.15 (formulation 4).

Investigator and Study Center(s):

Ulf Malmgqvist, MD, Ph.D.,
Dept. of Clinical Chemistry and Pharmacology,
Lund University Hospital, Lund, Sweden

Trial Sites
Clinical Pharmacology, Phase | Unit, Lund University Hospital, Lund, Sweden

Study Sponsor:
Novo Nordisk A/S, Denmark

Bioanalytical Analysis of Pharmacokinetic Sample:

/ bia)

Study Period: 11 April 2006 (Trial Initiated) to 27 June 2006 (Trial Completed)

Objective: .

The primary objective of this study was to test for bioequivalence of the phase 3a formulation of
liraglutide at pH 8.15 (formulation 4) and the earlier phase 2 formulation at pH 7.7 (formulation
3), based on AUC(0-t) and Cmax after a single sc dose.

The secondary objective of the study was:
= To estimate Frel of the two liraglutide formulations based on AUC(0-t) and AUC, and to
estimate tmax, t'% , and Az of liraglutide.
* To evaluate the safety of two formulations of liraglutide.

Study Design:

The current trial was a randomized, double-blind, single-centre, two-period, cross-over trial
designed to test for bioequivalence between the phase 3a formulation of liraglutide at pH 8.15
(formulation 4) and the phase 2 formulation at pH 7.7 (formulation 3).

In total, 25 healthy subjects were screened for the trial and 22 subjects were randomized and

treated with two formulations of liraglutide, formulation 3 at pH 7.7 and formulation 4 at pH
8.15.The total duration of the trial for the individual subject was up to 10 weeks.
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Figure 1: Trial Désign
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In this study each subject attended 4 visits:

®* The first visit was a screening visit where the subject’s eligibility was assessed.

* At Visits 2 subjects were admitted to the clinic for in-house periods, lasting for 3 days,
when they were dosed with the liraglutide formulations. The Visit 2 (dosing of first
formulation) was to take place within 6 weeks from the screening visit.

* Visit 3 (dosing of second formulation) was to take place 14 (£ 2 days) from Visit 2.

* Finally, a follow-up visit (Visit 4) was to take place 3-7 days after finalization of Visit 3.

The trial was a randomized, double-blind, single-centre, two-period, cross-over trial where two
single s.c. doses of liraglutide were administered to healthy male and female subjects in the
evening on two different occasions, separated by a 14 (+2) day wash-out period. In the evening of
Day 1 at Visit 2, 120 pL of liraglutide formulation 3 or formulation 4 (corresponding to 0.7080
mg of formulation 3 and 0.7092 mg of formulation 4) was sc administered into the abdomen of
the subjects. Thereafter, blood samples for pharmacokinetic analyses of plasma liraglutide
concentrations were taken at 20 time points up to 60 h after dosing (Day 4).Blood samples for
estimation of the liraglutide plasma concentrations were drawn at Visit 2 and 3; before dosing at -
30 and -15 minutes, and at 2, 4, 6, 8, 9, 10, 10.5, 11, 11.5, 12, 12.5, 13, 13.5, 14, 15, 16, 24, 36,
48 and 60 h after dosing.

Study Population: ,

Twenty two healthy volunteers were enrolled in this study. The mean age of the study population
was 22.7 years (range 19 to 28 years). Table 1 below shows the demographics of the enrolled
patients. : : :
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Table 1: Baseline Demographics of Study Population.

All Subjects

N=22
Age, vrs
Mean (SD) 227024
Min — Max 19-28
Sex, n (%0}
Male 19 (86.4%)
Female 3{13.6%;)
Etiinic origin, n (%)
White 22 {100.0 %)
Height, m
Mean (SD) 1.81 (0.08)
Min — Max 1.64-195
WWeight, kg
Mean (SD) 74.8 (8.4)
Min — Max S3.8-885
BMI, kg/m®
Mean (SD) 22.9{1.8)
Min — Max 198-26.1
Systalic bleod pressure, mmHg
Mean (SD) 12077 (7.62)
Min — Max 104,00 - 132.00
Diastolic bloed pressure , mmHg
Mean (SD) £68.86 {(6.43)
Min — Max 59.00 - 84.00
Palse, beats/min
Mean (SD) 60.09(5.13)
Min - Max 4400 - 8300

Investigational Product and Dose Selection:
The trial products during the treatment period were provided by Novo Nordisk A/S as follows:
= Formulation 3: Total liraglutide related protein of 6.25 mg/mL at pH 7.7, in pre-filled 3
mL cartridges dispensed in a disposable pen device ——— ) for sc injection.

= Formulation 4: Liraglutide 6.0 mg/mL at pH 8.15, in pre-filled 3 mL cartridges dispensed
in a disposable pen device - ~-—~—) for sc injection

Formulation 4 was - pH 8.15) and modifying
the drug manufacturing process used for producing formulation 3, i.e. - -
. Even though the strengths of formulation 3 and formulation
4 were different (as a consequence of different analysis methods), the amount of liraglutide in
each dose of the two formulations used in this trial was demonstrated to be nearly the same
(actual dose of 0.7080 mg of formulation 3 and 0.7092 mg of formulation 4, when analyzed by
new method).

NDA 22-341 (Liraglutide) OCP Review 157

b(4)

T

b(4)



Table 2: Batch number of product used in this trial

Trial Product Dase o = Batch Drug Product Batch  Expiry Date
Number Numnber (Bulk Batch
Number) b(d)
Formulation 3 (pH 7.7) 120 pLof 625 mg/mL  PP51138 PQ30365 11 September, 2006
Formulation 4 (pH 8.15) 120 pLof 6.0mgml.  ~———x RQ30576 30 March, 2007

The rationale for using this dose for BE assessment is because of the fact minimize
gastrointestinal related side effects. Also, this dose has shown to be sufficient in giving
measurable plasma concentrations up to 60 h post dosing. The dose of 0.75 mg liraglutide was
also within the expected therapeutic window of treatment. Hence, the selected dose in the present
trial was within the expected therapeutic window of treatment and was not expected to give any
side effects related to the gastrointestinal tract or any hypoglycaemic episodes.

Bioanalysis:

Quantitative assessment of liraglutide was done using enzyme immunoassays (ELISA). The
lower limit of quantification of the assay was 18pmol/L. The calibration curves were analyzed at
liraglutide concentration range of 17pmol/L to 4399pmol/L. The precision of the assay, as
determined from analysis of quality control samples ranged between .. The mean
accuracy (% Bias) ranged between Between-batch precision (%CV) results of the
calibration standards of liraglutide was less than or equal to 6.0 % and accuracy (%Bias) ranged
from

Data Analysis: :

The primary analysis in this trial was testing for bioequivalence between liraglutide formulation 3
and liraglutide formulation 4, based on AUC (0-t) and Cmax. Bioequivalence was to be declared
if the adjusted 90% confidence intervals for the corresponding ratios were fully contained within
the limits (0.80, 1.25). Secondary analyses in this trial were estimation of Frel of the two
liraglutide formulations based on

AUC(0-t) and AUC, and estimations of tmax, t/2 , and Az of liraglutide. The comparisons
between formulations of AUC(0-t), AUC, Cmax and t's was performed using a linear normal
model (analysis of variance, ANOVA) based on the logarithmic transformed values. The model
included effects of subject, period and formulation. Based on the statistical model, ratios between
the two formulations with 90% confidence intervals were estimated. The subject effect was
included as a random effect. Bioequivalence between the two formulations was to be declared if
the 90% Cls for the corresponding ratios of AUC(0-t) and Cmax were fully contained within the
limits (0.80, 1.25).

Pharmacokinetics Results:

The mean plasma concentration time profile of liraglutide is shown in Figure-1&2. All subjects
received 0.7080 mg of formulation 3 and 0.7092 mg of formulation 4. Analyses of the
pharmacokinetic endpoints have been adjusted for actual drug content. The mean response to the

trial drug formulations demonstrated that the two formulations were bioequivalent.
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Figure 1: Mean Plasma profile of liraglutide by formulation-linear scale
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Figure 2: Mean Plasma profile of liraglutide by formulation-logarithmic scale.
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The summary of pharmacokinetic parameters of liraglutide from formulation 3 and formulation 4
is summarized in Table-3
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Table 3: Summary Statistics for the Primary Pharmacokinetics Endpoints by Formulation.

. . . . . 3
Fermulation 3 Formaulation 4  Formulation 4/Formulation 3

AUCgp.y, pmol X VL

N 21 22 21
Mean 260384 .5 273841.2 1.072
SD 731415 650959 0.194
Geometric Maan 2513711 2663651 1.057
Median 242384 .4 2760068 1021 b(4)
Cpax, pmol X k7L

N 21 232 21
Mean 10888.6 11187.3 1.063
5D 3073.1 26645 0261
Geomeftric Mean 1048¢ 108754 1.035
Median 3748 109705 1.013

— — b(4)

'The ratios corresponding to AUC . and C,,., are adjusted for actual drug content.

a2

The statistical results of the comparisons between formulation 3 and formulation 4 for the
primary endpoints are summarized in Table 4.

Table 4: Statistical Analysis for the Primary Pharmacokinetics Endpoints by Formulation

Formulation 4/Formuiation 3

AUCqy .

Estimate 1.06
Lower 90% linug 1.00
Upper 90% limst 113
Cm.u: .
Estimate 1.04
Lower 90% lmug 085
Upper 90% liut £13

The analyses of the primary endpoints are adjusted for actual drug content.
From the results in Table-4, formulation 3 and formulation 4 were demonstrated to be
bioequivalent because the 90% Cls for the corresponding estimated ratios of AUC(0-t) and Cmax
were entirely contained within the limits (0.80, 1.25).

The results of secondary pharmacokinetic endpoints were AUC, tmax, t' and Az and these
endpoints are summarized for the pharmacokinetic analysis set in Table-5. The comparisons
between the secondary pharmacokinetic endpoints for formulation 3 and formulation 4 are
presented in Table 6.
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Table 5: Summary Statistics for the Secondary PK Endpoints of Liraglutide by
Formulation

Formulation 3 Foermulation 4 Formulatien 4/ Formulation 3!

AUC, pmal X WL

N 21 22 21
Mean 2732022 2874025 1.072
5D 80830.9 F35552 0.184
Geometric Mean 262806 2785477 1.058
Median 2501937 2623826 1.026
Min

Max

fg/z, h

N 21 22 2
Mean 11.53 114 0996
SD 2.08 219 0.165
Median 1125 071 095
Min

Max

Harmonie Mean 113 i3 0971
A L/h

N 21 22 21
Mean 0.062 0.063 1.029
5D $.009 0.011 0.166
Geometric Mean 0.061 5062 1.017
Median 0.062 {063 ’ 1.052
Min

Max

Formulation 3 Formulation 4 Formulation 4 - Formulation 3

fmax, I )

N 21 22 21
Mean 11.71 il.e6 -0.048
SD 183 312 3271
Median 115 115 0
Min '

Max

'The ratio corresponding to AUC is adjusted for actual drug content.

" The bioequivalence seen for the primary endpoints was supported by the results of the secondary
endpoints Frel (based on AUC), Az and t'%, because the 90% confidence intervals for the
corresponding values were entirely contained within the limits (0.80 to 1.25) (Table-6). In
addition, similar results for tmax were obtained for the two formulations because the estimated
differences were equal to zero.
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Table 6: Statistical Analysis for the Secondary Pharmacokinetics Endpoints by Formulation

Formalation 4/ Formulation 3

AUC

Estimate 1.06

Lower 90% lan:t 1.00

Upper 90% himit 112

ty,

Estumnate 008

Lower 90% It .52

Upper 90% limit 1.04
Formulation 4 — Formulation 3

tmsx

Estimate 0.00

Lower 90% limit -1.30

Upper 90% limt 1.00

The analyses of AUC s adjusted for actual drug content.
The result of Az is not shown since the ratio is the inverse of the estimated ratio of u,.

Summary of pharmacokinetic results

Bioequivalence was demonstrated for liraglutide formulation 3 at pH 7.7 (phase 2
formulation) and formulation 4 at pH 8.15 (phase 3a formulation) with respect to the
primary endpoints (AUC(0-t) and Cmax), because the 90% confidence intervals of the
corresponding ratios were entirely contained within the limits (0.80, 1.25).

In addition, bioequivalence was supported by the results of the secondary endpoints Frel
(based on AUC), Az and t'4, because the 90% confidence intervals for the ratios were
entirely contained within the limits (0.80, 1.25). Similar results for tmax were also
obtained with the two formulations because the estimated differences were equal to zero.

Safety Conclusions

There were 25 AEs reported by 13 subjects during the trial. Of these were 22 TEAEs, of
which 15 were classified as possibly related to study treatment (8 to formulation 4 and 7
to formulation 3). The most commonly reported AEs were nausea and headache. All AEs
were mild or moderate.

No serious adverse events or deaths occurred during the trial.

No clinically significant changes in laboratory values, ECG or vital signs were recorded
during the trial.

Both liraglutide formulations were well tolerated and no safety concerns were raised.

Overall Conclusions

The results from this trial in healthy subjects demonstrated that:

Bioequivalence between liraglutide formulation 4 (at pH 8.15) and liraglutide
formulation 3 (at pH 7.7).
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* No safety concerns were raised after a single administration of liraglutide formulation 4.

Reviewer’s Comment:

The overall study design and data analysis seems reasonable except that the sponsors used a dose
of around 0.7 mg in this bioequivalence study, whereas the highest proposed dose in 1.8 mg. The
sponsor’s rationale for using a lower dose is the better tolerability profile expected from the lower
dose due to decreased incidences of gastro-intestinal and hypoglycemic adverse events.

8REEARS THis wa
o Y
N:ORIGINAL
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4.2.8 Relative Bioavailability Study (NN2211-1745)

Title: A randomized, open-label, single centre, three period cross-over trial in healthy subjects
comparing the pharmacokinetic profiles after single dose administration of liraglutide at three
different injection sites

Investigator and Study Center(s):

Dr. Christoph Kapitza, MD.

Profil Institut fiir Stoffwechselforschung GmbH
Hellersbergstrafle 9, D-41460 Neuss

Germany '

Trial Site
Profil Institut flir Stoffwechselforschung GmbH, Neuss, Germany.

Study Sponsor:
Novo Nordisk A/S, Denmark

Bioanalytical Analysis of Pharmacokinetic Sample:

b(4)

STUDY PERIOD: 2 February 2007 (Trial Initiated) to 7 May 2007 (Trial Completed)

Objective:

The primary objective of this study was to compare the PK profile of liraglutide between
administrations in the thigh versus the abdomen and between administrations in the upper arm
versus the abdomen after a single s.c. dose, based on AUCO-co.

The secondary objective of the study was:

= To compare the PK profile of liraglutide between administrations in the upper arm versus
the thigh after a single s.c. dose, based on AUC.

= To compare the PK profiles of liraglutide between administrations in the thigh versus the
abdomen, the upper arm versus the abdomen and the upper arm versus the thigh after a
single s.c. dose, based on Cmax, AUCO-t, tmax, tV4, and Az of liraglutide.

= To estimate Frel of liraglutide between the three injection sites.

»  To evaluate the safety of liraglutide administration by three different injection sites

Study Design:

The current trial was a randomized, open-label, single-centre, three periods, cross-over trial
designed to was to compare the PK profile of liraglutide between administrations either in the
abdomen, thigh or upper arm after a single s.c. dose.

In total, 25 healthy subjects were screened for the trial and 21 subjects were randomized and
exposed to trial product. Single s.c. doses of liraglutide were planned to be administered in the
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evening to 21 healthy male and female subjects on three different occasions, each separated by a
1-3 weeks wash-out period counting from time of dosing. The site of administration differed
between the dosing days, either in the abdomen, thigh or upper arm. The dose was given as a
fixed dose (0.60 mg) in a fixed volume (100 ul).

Figure 1: Trial Design

thigh . thigh P - S
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Visit | | Visit 2 | | Visit 3 | ) Visit4  Visits
Randemisation liraglutide 1-3 weeks liraglutide . 1-3 weeks Liraglutide 3-10 Days
single sc dose of single sc dose of single sc dose of
0.60 mg 0.60 mg 0.60 mg

The total trial duration for the individual subject was up to 11 weeks. Each subject was to attend
the clinic 5 times: At Visit 1 (screening visit) the subject’s eligibility were assessed. Visit 2 (first
dosing visit) was to be performed 1-3 weeks after Visit 1. At Visits 2-4 the subjects were to be
dosed and were admitted to the clinic for an in-house stay each lasting for 3 days. Finally, Visit 5
was a follow-up visit to be scheduled 3-10 days after finalization of Visit 4.

Blood samples for determination of plasma concentrations of liraglutide were obtained before
dosing at -30 and -15 minutes, and at 2, 4, 6, 8, 9, 10, 10.5, 11, 11.5, 12, 12.5, 13, 13.5, 14, 15,
16, 24, 36, 48 and 60 h after dosing.

Study Population:

Twenty-five (25) healthy female or male subjects were screened of which 21 were randomized
and exposed to trial product. Twenty (20) subjects completed the trial while 1 subject withdrew
from the trial (withdrew informed consent after visit 3). The mean age of the study population
was 38.6 years (range 22 to 49 years). Table 1 below shows the demographics of the enrolled
patients.
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Table 1: Baseline Demographics of Study Population.

Subjects Exposed

N 21
Sex (M (%))
Males 11 {52.4%)
Females 10 (47.6%)
Ethnic Origin (N {%)}
White 20 {95.2%)
Emerican Indian or Alaska Native 1 { 4.8%)
Age (v}
N 21
Mean 38.6
SD . 7.7
Median 41
Min 22
Max 49
Height {(m}
o 21
Mean 1.72
5D 0.92
Median 1.74
Min 1.56
Max 1.92
Weight {(kg)
N 2
Mean 73.5
2D 12.8
Median 72.6
Min 51.5
Max . 98.3
BMI (kg/m**2)
H 21
Mean 24.2
sSD 2.4
Median 24.3
Min 19.1
Max ' 27.5

Percentages have been caleulated with respect to subjects exposed

Investigational Product and Dose Selection:

Liraglutide was provided as a sterile solution contained in 3 mL - as described in Table
2. In this trial the lowest dose (0.60 mg liraglutide) of the phase 3a program (including 0.60, 1.20,
and 1.80 mg liraglutide per day) has been chosen in order to reflect the future clinical treatment.
This dose has previously been shown to be well tolerated and gave measurable concentrations of
liraglutide in plasma.

Table 2: Batch number of product used in this trial b(@}
Trial Produet Dose Liraglatide in Liraglutide Product Expiry Date
Batch Number! Batch Number®
Liraglutide 3 mL .60 mg SP51132 SQs0212 24-Sep-2007

—— Gmg/mL

! The same batch was used for all subjects. The liraglutide drug product was contained within the Hraglutide ———
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Bioanalysis:

Quantitative assessment of liraglutide was done using enzyme immunoassays (ELISA). The
lower limit of quantification of the assay was 18pmol/L. The calibration curves were analyzed at
liraglutide concentration range of 16 pmol/L to 4400 pmol/L. The inter-assay precision of the
assay, as determined from analysis of quality control samples ranged between 12.2% and 16.6%.
The mean accuracy (% Bias) ranged between -8.6% to 10.1%. Between-batch precision (%CV)
results of the calibration standards of liraglutide was less than or equal to 8.8% and accuracy
(%Bias) ranged from -3.5 t0 2.5 %.

Data Analysis:

The primary endpoint, AUCO-o for liraglutide from dosing to infinity for each injection site, was
derived using standard model-free, non-compartmental methods. The comparison between the
injection sites was performed by use of a linear normal model (ANOVA) for the log transformed
values of AUC. The model included effects of period and injection site and a random effect of
subject. In this model, the difference between the log transformed AUC for administration in the
thigh and the log transformed AUC for administration in the abdomen as well as the difference
between the log transformed AUC for administration in the upper arm and the log transformed
AUC for administration in the abdomen were estimated together with the corresponding 90%
confidence intervals. The estimated differences with confidence intervals were retransformed to
the corresponding ratios with confidence intervals. )

The secondary endpoints were derived using standard model-free, non-compartmental methods.
AUCO-t was calculated by the trapezoidal method. The terminal rate, Az, was determined through
linear regression with the logarithm to concentration as the response variable and time as the
explanatory variable. Valid observations from the final part of the curve, which is approximately
linear, were used for the analysis. The terminal half-life, t'4, was calculated as log(2)/ Az. Frel
was the estimated ratios of AUCO- between the different injection sites. Statistical analysis of
the secondary PK endpoints was performed for the PK analysis-set. The comparison between the
AUCO0-0 for administration in the upper arm and AUCO0-co for administration in the thigh was
made in the same model and using the same criteria as described for the primary analysis.

Pharmacokinetics Results:

The mean plasma concentration time profile of liraglutide after single s.c dose at different
injection sites is shown in Figure-1 & 2.
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Figure 1: Mean Plasma profile of liraglutide by formulation-linear scale
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Figure 2: Mean Plasma profile of liraglutide by formulation-logarithmic scale.
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Throughout the investigated time period (0-60 h after administration), the mean liraglutide
concentration was lowest after injection in the thigh compared to injection in the abdomen or
upper arm. The primary pharmacokinetic comparisons of AUCO-o for liraglutide between
injections in the abdomen versus the upper arm and the thigh are presented in Table 3
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Table 3: Summary Statistics for the Primary Pharmacokinetics Endpoints (AUC0-x) by
Injection Site.

Abdomen Thigh Upper arm
AUC{0-inf} {pmol*h/L}
H 21 21 19
Mzan 271011 221125 2499588
SD 72605 71453 55110
Geometric Mean 262488 210938 242292
Madian 250511 204727 225017
Min
Max

The secondary comparison of AUCO-w after injection of liraglutide in the upper arm versus the
thigh is presented in the table 4 along with the primary PK endpoint.

From the results in Table-4, the 90% confidence interval of the ratio of AUC0O-c0 between
injection of liraglutide in the upper arm and the abdomen was included in the defined interval of
0.80 to 1.25 with an estimated relative bioavailability (Frel) of 90%. Comparison of the thigh
versus the abdomen the lower limit of the 90% confidence interval was 0.76 (below 0.80) for the
ratio of AUCO-c with an estimated Frel of 81%.

Table 4: Statistical Analysis for the Comparison between Injection Sites.

Thigh / Abdomen Upper arm / Abdomen Upper arm / Thigh
AUC{0-inf}
Estimate 0.81 §.8%0 1.11
Lower 90% limit 0.76 6.83 1.03
Upper 90% limit g.86 0.95 1.13

Therefore, based on the defined equivalence criteria for the ratios of AUCO-, equivalence can be
declared with respect to AUCO-w of liraglutide after injection in the upper arm and the abdomen,
but not after injection in the thigh and the abdomen.

For the secondary comparison, the ratio of AUCO-o after injection of liraglutide in the upper arm
versus the thigh were within the defined limits of the 90% confidence interval of 0.80 to 1.25
with an estimated Frel of 111% and thus equivalence with respect to AUCO-c0 can be declared
between these two injection sites.

Summary statistics and statistical analysis for the secondary PK endpoints are presented by
injection site in Tables 5 and 6, respectively.
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Table 6: Statistical Analysis for the Secondary Pharmacokinetics Endpoints by Injection

Site
Thigh / Akdomen Upper arm / Abdomen Upper arm / Thigh
AUC{O-L}
Estimate 5.81 0.38 1.09
Lower 920% limit 0.75 0.81 1.00
Upper 20% limit 0.82 0.%26 1.18
cmax
Estimate n.82 0.95 1.1¢
Lower 20% limit 0.74 0.85 1.02
Uppexr 20% limit G.91 1.a66 1.29%
Lambdaz
Estimate 1.03 .95 0.92
Lower 20% limit 0.92 0.85 0.83
Upper 920% limit 1.14 1.as 1.02
Thigh - Abdomen Upper arm - Abdomen Upper arm - Thigh
tmax (h)
Estimate 0.00 09.25 0.00
Lower $0% limit -1.00 -0.50 -0.50
Upper 90% limit 0.50 1.00 0.75

Resulis of t;2 are not shown sincs the estimated ratio is the inverse of the lambdaZ -ratio.

Summary of pharmacokinetic results

The two injection sites upper arm and abdomen were equivalent with respect to AUC0-c0
for liraglutide, with a mean ratio of 0.90 (90% CI [0.83;0.96]), while the two injection
sites thigh and abdomen could not be declared equivalent with respect to AUCO-oo for
liraglutide, with a mean ratio of 0.81 (90% CI [0.76;0.86])

The two injection sites upper arm and thigh were equivalent with respect to AUCO-o for
liraglutide, with a mean ratio of 1.11 (90% CI of [1.03;1.197)

Results based on the primary analysis were supported by the secondary PK endpoints
based on AUCO-t and Cmax (90% CI were within the defined limits for the upper arm
versus the abdomen, but not for the thigh versus the abdomen).

Based on t' and Az, elimination of liraglutide was similar for all three injection sites and
tmax for liraglutide was similar after injection in all three injection sites.

Estimated Frel of liraglutide was 81% after injection in the thigh versus the abdomen,
90% after injection in the upper arm versus the abdomen and 111% after injection in the
upper arm versus the thigh.

Safety Conclusions

No serious AEs or deaths were reported during the trial

There were a total of 10 AEs reported by 5 subjects. Of these, 7 AEs were considered to
be possibly related to trial products (6 events of nausea and 1 event of sensation of
pressure in the head)

Single dose administration of liraglutide was well tolerated after s.c. injection in the
abdomen, thigh and upper arm

Overall Conclusions
The results from this trial in healthy subjects demonstrated that:
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» Equivalence was demonstrated with respect to AUCO-o for liraglutide between injection
in the upper arm and the abdomen, while equivalence could not be declared between
injection in the thigh and the abdomen

=  Equivalence with respect to AUCO-co for liraglutide was demonstrated between the upper
arm and the thigh

= Results from the primary comparisons were supported by comparisons based on the
secondary endpoints AUCO-t and Cmax tmax for liraglutide and elimination of
liraglutide, based on t¥% and Az, was similar between injection sites

= Trel for liraglutide was estimated to 81% for the thigh versus the abdomen, 90% for the
upper arm versus the abdomen and 111% for the upper arm versus the thigh

= Single dose administration of liraglutide was well tolerated after s.c. injection in the
abdomen, the thigh and the upper arm. '

Reviewer’s Comment:

The overall study design and data analysis seems reasonable. Equivalence was demonstrated
between the upper arm and abdomen and also with upper arm and thigh. However, the injections
site thigh and abdomen was not equivalent. However, sponsor has proposed that a 21 % lower
mean reduction is not clinically meaningful. From a clinical pharmacology perspective, we agree
to the sponsor’s conclusion.

Revised Analysis to Address the DSI findings on Bioanalytical Method

Sponsor conducted re-evaluation of liraglutide plasma concentration raw data The primary
endpoint in Trial 1745 was AUCO-c0 and the criteria for including a profile in the updated
analysis were: 1) minimum one sample <10 hours post-dose, 2) at least 3 out of 4 possible
samples in the 24-60 hour post-dose period (sampling schedule: 24, 36, 48 and 60 hours) and 3)
acceptable number and scattering of samples. Of the 60 profiles available for re-evaluation, 42
profiles were accepted for AUC analysis while 18 profiles were rejected. Mean profile based on
the updated dataset is presented below.
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Based on the results of revised analysis:

e Equivalence could not be demonstrated for thigh/abdomen as the 90% confidence
interval for the ratio was not contained within the pre-specified [0.80; 1.25] interval. This
was in accordance with the original analysis results.

s F for liraglutide was estimated to 78% for the thigh versus the abdomen, 87% for the
upper arm versus the abdomen and 110% for the upper arm versus the thigh
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4.2.9 DDI Study (NN2211-1330)

Title: A Double-Blind, Two Period Cross-Over, Single Centre Trial in Healthy Subjects
Investigating the Influence on the Pharmacokinetics of Ethinylestradiol and Levonorgestrel in an
Oral Contraceptive Drug after Multiple Dose Administration of Liraglutide

Investigator and Study Center(s):

Jan Vouis, MD,

Quintiles Phase I Unit,

Strandbodgatan 1, SE-753 23 Uppsala, Sweden

Trial Sites
Quintiles Phase I Unit, Strandbodgatan 1, SE-753 23 Uppsala, Sweden

Study Sponsor:
Novo Nordisk A/S, Denmark

Bioanalytical Analysis:

STUDY PERIOD: 24 November 2006 (Trial Initiated) to 05 April 2007 (Trial Completed)

Objective:
The primary objective of this study was to determine if liraglutide at steady state changes
AUC,., of ethinylestradiol and levonorgestrel.

The secondary objectives of the study were:
= To investigate if liraglutide at steady state changes Cj.x and tn,x of ethinylestradiol and
levonorgestrel.
= To assess exposure of liraglutide during the single dose administration of the combination
ethinylestradiol/levonorgestrel.
* To assess the safety after administration of liraglutide in combination with
ethinylestradiol and levonorgestrel.

Study Design:

This was a single centre, randomized, double-blind, placebo-controlled, two-period cross-
over trial comparing the influence of liraglutide and placebo on the pharmacokinetics (PK) of
ethinylestradiol and levonorgestrel administered as a combination contraceptive drug.

The potential influence of liraglutide on the absorption of an orally administered
contraceptive drug (Neovletta® ; 0.03 mg ethinylestradiol and 0.15 mg levonorgestrel)  was
investigated at steady state using the highest liraglutide/placebo dose (1.8 mg). A single dose of
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Neovletta® was administered at the time of steady state of liraglutide 1.8 mg for the drug-drug
interaction (DDI) investigations.
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Figure 1: Trial Design
In this study each subject attended 10 visits:
®  Visit 1 was a screening visit to assess their eligibility

*  Visits 2-4 and 6-8: were for liraglutide/placebo dose increase. Randomization of the
subjects was performed at Visit 2. Liraglutide/placebo was administered daily with
weekly increase of dose (0.6 mg, 1.2 mg and 1.8 mg) for approximately 3 weeks in both
cross-over periods.

» At Visits 5 and 9 administrations of Neovletta® and serial blood sampling for bioanalysis
was done to investigate any drug-drug interaction. Visits 5 and 9 were of 4 days duration
each and included one overnight stay at the trial site. One Neovletta® tablet was
administered 7 h after administration of 1.8 mg liraglutide/placebo (steady state
conditions). Fourteen (14) to 42 days were allowed between each cross-over period.

*  Visit 10: Follow-up visit, performed 5-14 days after completing Visit 9.

On the day of the DDI investigation (Day 1 of Visit 5 and Visit 9), one single oral tablet of
Neovletta® was administered 7 h after administration of 1.8 mg liraglutide or placebo. This
timing was chosen so that liraglutide C,,. was reached at approximately the same time as
absorption of ethinylestradiol/levonorgestrel (both of which are rapidly absorbed), reaching Cy.x
1-2 h after administration.
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Blood samples (7 mL) were drawn on the DDI visits (Visits 5 and 9) for determination of serum
concentrations of ethinylestradiol and levonorgestrel. Thirteen samples were drawn on each visit;
pre-dose (-15 min) and at 0.5, 1, 2, 3, 4, 6, 8, 12, 17, 24, 48 and 74 h post-administration of
Neovletta® on Day 1 (the scheduled times in relation to administration of liraglutide/placebo were
6.45, 7.5, 8, 9, 10, 11, 13, 15, 19, 24, 31, 55 and 81 h). Blood samples (3 mL) for the
determination of plasma concentrations of liraglutide were also drawn at the DDI visits 5 and 9.
Nine blood samples were drawn during each of these visits; pre-dose (-15 min) and at 4, 6, 8, 10,
12, 15, 17 and 24 h post administration of liraglutide on Day 1.

Study Population:

Twenty one postmenopausal woman volunteers were enrolled in this study. The mean age of the
study population was 58.3 years (range 51 to 71 years). Table 1 below shows the demographics
of the enrolled patients.

Table 1. Baseline Demographics of Study Population.

Mumber of gubjects 21
Sex (N (%))
Male 0{0.00%)
Female 21(100.00%)
Race (M (%))
White 21 (100.00%)
Age (v}
N 21
Mean £g.2
a0 4.9
Median 58
Min 51
Max 71
Weight at Baseline (Eg) .
o) 21
Mean 68.81
sD 10.83
Median 67.3
Min 53.3
Max 91.1

Height ({(m) -

N 21
Mean 1.870
aD 0.062
Median 1.66
Min 1.5¢
Max 1.77
Baseline BMI {kg/m2}
N 21
Mean 24.862
8D 2.28
Median 23.8
Min 19.8
Max 28,5
Bioanalysis:

Quantitative assessment of serum ethinylestradiol and levonorgestrel concentration was done
employing a validated GC/MS method (Project code OX006 and PX006). Samples were
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extracted using a liquid-liquid extraction procedure using toluene. Extraction was followed by
two clean-up steps, resulting in a final dichloromethane extract. After a two step derivatization, 1-
2uL of the derivatized samples was injected into the GC/MS system. GC/MS measurements were
performed in the chemical ionization mode (negative ions) using ammonia as reagent gas. The
calibration curves were analyzed at ethinylestradiol concentrations ranging from 2.5 pg/mL to
500 pg/mL. The lower limit of quantification (LOQ) for ethinylestradiol was 2.5 pg/mL.
Between-batch precision (%CV) results for QC samples prepared at low, medium, and high QC
‘concentrations of ethinylestradiol was less than or equal to 6.06% and accuracy (%Bias) ranged
from -0.51 to 1.55 %. Between-batch precision (%CV) results of the calibration standards of
ethinylestradiol was less than or equal to 5.80 % and accuracy (%sBias) ranged from -4.61 to 6.04
%. For levonorgestrel the calibration curves were analyzed at ethinylestradiol concentrations
ranging from 50 pg/mL to 25000 pg/mL. The lower limit of quantification (LOQ) for
levonorgestrel was 50 pg/mL. Between-batch precision (%CV) results for QC samples prepared
at low, medium, and high QC concentrations of levonorgestrel was less than or equal to 4.46%
and accuracy (%Bias) ranged from -7.65 to 5.03 %. Between-batch precision (%CV) results of
the calibration standards of levonorgestrel was less than or equal to 3.85 % and accuracy (%Bias)
ranged from -8.92 to 4.98 %.

Quantitative assessment of liraglutide was done using enzyme immunoassays (ELISA).
The lower limit of quantification of the assay was 18 pmol/L. The calibration curves were
analyzed at liraglutide concentration range of 19 pmol/L to 5186 pmol/L. The precision of the
assay, as determined from analysis of quality control samples ranged between 11.8% and 21.8%.
The mean accuracy (% Bias) ranged between -7.7% to 0.9%. Between-batch precision (%CV)
results of the calibration standards of liraglutide was less than or equal to 6.0 % and accuracy
(%Bias) ranged from -11.8 to 3.8 %.

Data Analysis:

The PK analysis set con51sted of all exposed subjects with at least one evaluable PK
profile of ethinylestradiol or levonorgestrel, who fulfilled the inclusion and exclusion criteria and
who did not violate the protocol in a manner judged to affect the PK results. The analysis of the
PK endpoints was based on the PK analysis set.

The endpoints were derived from serum ethinylestradiol and levonorgestrel
concentrations or plasma liraglutide concentrations and actual times by the non-compartmental
method using model 200 for extravascular administration of WinNonlin Professional, Version
4.1.b. :

Az was determined using at least three time points. Valid observations from the final part
of the curve (which was approximately linear) were used for the analysis and the start and end
times that were used to define the elimination phase were common time points for all subjects. At
the database release (DBR) meeting (before unblinding) it was decided to use measurements from
17 h and onwards for estimation of ethinylestradiol Az and from 12 h and onwards for estimation
of levonorgestrel Az.

For both ethinylestradiol and levonorgestrel, the liraglutide treatment and the placebo
treatment was declared equivalent with respect to primary endpoint (AUC,.,) if the 90%
confidence interval (Cl) for the corresponding ratios of AUCy.,were fully contained within the
limits (0.80, 1.25). The comparison between liraglutide and placebo treatments was performed for
ethinylestradiol and levonorgestrel separately by use of a linear normal model (ANOVA) for the
log transformed values of AUCy.,, respectively. The model included effects of period and
treatment and a random effect of subject. From this model, the ratio between the levels
corresponding to liraglutide and placebo was estimated together with their 90% Cls. The
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estimated ratios and Cls were retransformed from the corresponding estimated differences in
means of the log transformed values together with their Cls.

Pharmacokinetics Results:

The effect of liraglutide on pharmacokinetics of ethinylestradiol and levonorgestrel is
presented in Figure 2A and 2B, respectively. The effect of liraglutide on the absorption of an
orally administered contraceptive drug (Neovletta®) was investigated at highest steady state dose
of liraglutide (1.8 mg). The oral contraceptive administered after 7 hours of liraglutide
administration resulted in mean plasma ethinylestradiol and plasma levonorgestrel concentration
time profiles that were characterized by a reduced Cpc and Tinax

Figure 2: Mean Plasma ethinylestradiol (2A) and levonorgestrel (2B) following single dose
administration of oral contraceptive (Neovletta; 0.03mg ethinylestradiol, 0.15 mg levonorgestrel).
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The effect of liraglutide on the primary PK parameter (AUCO-) of ethinylestradiol and
levonorgestrel is summarized in Table 2 and 3, respectively. AUC,., was not calculated if the
extrapolated part was more than 20% of the total AUC. This was observed with 3 ethinylestradiol
profiles and 18 levonorgestrel profiles.
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Table 2. Summary Statistics for AUCO0-wof Ethinylestradiol and Levonorgestrel by
Treatment

Indwidual
ratic
liraglutide placebo liragl. /plac.
Mumber of subjects 21 21 21
RUCy... (h*pg/mL} ethinylestradiol
N 20 19 iR
Mean 355,25 776.12 1.06
ED 235.5%4 187.27 0.17
GeomeLric mean 326.16 755.27 1.08
AUC, ., th*pg/mL} levonorgestrel
N 12 iz 10
Mzan £3152.80 55230.51 1.22
5D 25495 .64 17071.50C 0.26
Gepmetric mean 57938.50 52853.12 1.20

Table 3. Statistical Comparison between Treatments (Liraglutide/Placebo) for
Ethinylestradiol and Levonorgestrel -

liraglutide/placebo

ethinylestradiol

AU ., N 21
Eatimate 1.057
Lower 20% limit 0.938
Upper $0% limit 1.131

levenorgestrel

AUCy . N 14
Batimate 1.182
Lower 0% limit 1.040
Upper $0% limit 1.343

After statistical analysis for ethinylestradiol, equivalence was demonstrated with respect

to AUCO- as the 90% C1 for the estimated ratio of AUCO0-co (liraglutide/placebo treatment) was
within the pre-specified limits for equivalence, i.e. within 0.80 to 1.25.
However, for levonorgestrel, equivalence was not demonstrated with respect to AUC0-» as the
90% CI for the estimated ratio of AUCO- (liraglutide/placebo treatment) was outside the pre-
specified limits for equivalence. The estimated ratio of AUCO-o (liraglutide/placebo treatment)
was 1.18 and the 90% CI was 1.04 to 1.34; i.e. the levonorgestrel AUCO-0 was 18% higher
during liraglutide treatment.

A summary of secondary PK parameters of ethinylestradiol and levonorgestrel is shown
in Table 4 and Table 5, respectively. The mean C . and Ty, values reduced in the presence of
liraglutide treatment. '

_ Statistical analysis showed (Table 6 & 7) that with respect to Cy, for ethinylestradiol
and levonorgestrel, equivalence was not demonstrated when given during liraglutide and placebo
treatment. Cp, was 12% and 13% lower for ethinylestradiol and levonorgestrel, respectively,
during liraglutide treatment compared to placebo (ratio 0.88 (90% CI [0.79; 0.97]) for
ethinylestradiol and ratio 0.87 (90% CI [0.75; 1.00]) for levonorgestret).
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Table 4. Summary Statistics for the Secondary PK Endpoints of Ethinylestradiol

liraglutide placebo

BUC{D-458h) (h*pg/mL}

N 21 21

Mran TE52.29 706,52

ED 171 .42 146,28

Geometric mean T32.51 592,43
Cmax (pg/mbL}

o} 21 21

ean 51.50 58.62

2D 17.58 12.18

Geometric mean 43,78 55,28
tmax {h}

N 21 21

Median 3.00 2.00

Min 2.00 2.00

Max 12.00 3.00
t1/2 (hj

N : 21 20

Mean 14.88 18.45

S 5,20 23.08

Harmonic mean 132.03 12.64
Lambda {1/h}

N 21 20

Mean .05 0.08

ED 0.02 Q.02

Geomstric mean ¢.05 0.05
CL/F iL/h

N 20 ig

Mean 37.92 40,79

=D 12.12 %.58

Geometric mean 36,35 3%9.72
vzl (L}

N 20 19

Mean T20.62 764 .53

S 162,82 264,92

Gecmetric mean 695,93 728.44
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Table 5. Summary Statistics for the Secondary PK Endpoints of Levonorgestrel

liraglutide placebo

AUC{0-t) (h*pg/mL}

N 21 21

Mean 47150.0G5 3%527.76

SD 24259.96 17448 .27

Geomatric mean 41408.84 36117.7C
Cmax {pg/ml}

21 21

Mean IG72.80 3264.29

sD 1791.07 1352, 42

Geometric mean 2603 .68 29849.58
tmax (h}

N 21 21

Median 3.00 2.00

Min 1.00 1.00

Max 8.00 4.00
t1/2 {(h)

N 21 21

Mean : 32.56 34.5¢6

SD 9.82 13.08

Harmonic mean 29.95 30.62
Lambda (1/h}

N 21 21

Mean 0.02 0.02

sn 0.01 .01

Geometric mean 0.02 0.02
CL/F (L/h)

N 12 1z

Mean 2.88 2.97

Sp 1.44 0.95

Geometric mean 2.59 2.84
Wz/F (L}

N 12 12

dean 112.7 116.0%

SD 68.32 57.91

Geometric mean 57.10Q 104.47
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Table 6. Comparison between Treatments (Liraglutide/Placebo), Secondary PK
Endpoints of Ethinylestradiol

liraglutide/placebo
AUC (0-48h) N 21
Egtimate 1.055
Lower 90% limit 1.001
Uppexr 20% limit 1.112
Cmax N : 21
Estimate 0.878
Lower 50% limit 0.789
Upper 90% limit 0.972
ti/2 M 21
Estimate G.981
Lower 20% limit 0.785
Upper 20% limit 1.225
VZ/F N 21
Estimate 0.960
Lower 20% limit 0.865
Upper 20% limit 1.086%

Table 7. Comparison between Treatments (Liraglutide/Placebo), Secondary PK
Endpoints of Levonorgestrel

liraglutide/placebo
AUC(0-t} N 21
Egtimate 1.145
Lower 90% limit 1.055
Upper 90% limit 1.243
Cmax N 21
Estimate 0.867
Lower 20% limit 0.754
Upper 90% limit 0.9%8
t1/2 N 21
Estimate 0.962
Lower 920% limit 0.896
Upper 350% limit 1.033
vz/F N 14
Eatimate 0.854
Lower 20% limit 0.759
Upper 90% limit 0.961

Mean plasma concentration profile of liraglutide at steady state is shown in Figure 3.

All subjects had quantifiable plasma concentrations of liraglutide at all sampling time points
during the 24 h sampling period at steady state. Liraglutide median tmax was 8 h. Mean AUCT,
Cmax and CL/F of liraglutide were 1063092 pmol*h/L, 54542 pmol/L and 0.47 L/h, respectively.
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Figure 11-3 Mean Liraglutide 1.8 mg Profile at Steady State -
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» Equivalence was demonstrated with respect to the primary endpoint AUCO-c0 of
ethinylestradiol when given during liraglutide and placebo treatment while equivalence
was not demonstrated for the primary endpoint AUCO-e of levonorgestrel. AUCO-o for
levonorgestrel was 18% higher during liraglutide treatment (ratio 1.18 (90% CI1 [1.04;
1.34]).

= For ethinylestradiol and levonorgestrel, equivalence was not demonstrated with respect to
Chax When given during liraglutide and placebo treatment. C, was 12% and 13% lower
for ethinylestradiol and levonorgestrel, respectively, during liraglutide treatment
compared to placebo (ratio 0.88 (90% Cl1 [0.79; 0.97]) for ethinylestradiol and ratio 0.87
(90% CI [0.75; 1.007) for levonorgestrel).

®  Tmax was delayed by 1.0 h for both ethinylestradiol and levonorgestrel during liraglutide
treatment compared to during placebo.

=  Mean AUCt, Cmax and T, for 1.8 mg liraglutide at steady state in combination with a
single dose of Neovletta® were 1063092 pmol*h/L, 54542 pmol/L and 94 h,
respectively.

Reviewer’s Comment:

The present study evaluated the effect of liraglutide (at steady state) on pharmacokinetics
of oral contraceptive (Neovletta®). Based on PK analysis the median Ty, was delayed by 1.0 h
for both ethinylestradiol and levonorgestrel during liraglutide treatment compared to during
placebo. This is in contrast with T, delay of 1.5 hours that is being reported by the sponsor.
Also, C,, was found to be 12% and 13% lower for ethinylestradiol and levonorgestrel,
respectively, during liraglutide treatment compared to placebo.
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4.2.10 DDI Study (NN2211-1608)

Title: A Two-way Cross-Over, Placebo-Controlled Interaction Trial in Two Parts (in Healthy
Subjects), Studying Liraglutide's Potential Influence on the Absorption Pharmacokinetics of
Lisinopril, Atorvastatin, Griseofulvin and Digoxin, and Liragiutide’s Potential Influence on
Intragastric pH.

Investigator and Study Center(s):

Jan Vouis, MD,

Quintiles Phase 1 Unit,

Strandbodgatan 1, SE-753 23 Uppsala, Sweden

Trial Sites
Quintiles Phase I Unit, Strandbodgatan 1, SE-753 23 Uppsala, Sweden
Quintiles Hermelinen, Varvsgatan 53, SE-972 33 Lulea, Sweden

Study Sponsor:
Novo Nordisk A/S, Denma_lrk

Bioanalytical Analysis:

b(4)

Study Period: 29 May 2006 (Trial Initiated) to 20 April 2007 (Tﬁal Completed)

Objective:
The primary objective of this study was to determine if liraglutide at steady state changes AUC..,
of atorvastatin, lisinopril, griseofulvin and digoxin.

The secondary objectives of the study were:
* To investigate if liraglutide at steady state changes Cpax and tp, of atorvastatin, lisinopril,
griseofulvin and digoxin
* To investigate if liraglutide changes intragastric pH
»  To estimate the pharmacokinetics of liraglutide after a single dose and at steady state
= To assess the safety after administration

Trial Rationale: The purpose of this trial was to investigate whether administration of liraglutide
causes a change of the absorption pharmacokinetics of four drugs with a range of different
solubility and permeability properties i.e. atorvastatin and griseofulvin (Class II drugs), lisinopril
(Class 111 drug) and digoxin (Class IV drug).

Study Design: ‘

The trial was a randomized, double-blinded, placebo-controlled, two-way cross-over trial with
two Parts (A and B) comparing the influence from liraglutide or placebo on the absorption
pharmacokinetics of 40 mg atorvastatin and 20 mg lisinopril (Part A), 500 mg griseofulvin and 1
mg digoxin (Part B) and on intragastric pH (Part B). Volunteers in good general health were
included in Part A, n =42 or Part B, n = 28.
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Each subject attended 14 visits:
Visit 1: a screening visit to assess eligibility for inclusion in the trial
Visits 2-4 and 8-10: three visits each during the liraglutide/placebo dose increase. The
randomisation of the subjects and initiation of administration of liraglutide or placebo
were performed at Visit 2
Visits 5 and 11: two visits for pH measurements (in Part B) and liraglutide
pharmacokinetics (in Part A and Part B)
Visits 6, 7, 12 and 13: four in-house visits of 4 days each when the DDI investigations

were performed

Visit 14: an End of Trial Visit 7-14 days after the completion of Visit 13

Liraglutide/placebo was administered daily in the morning with weekly increasing dose (0.6 mg,
1.2 mg and 1.8 mg) for 35 days each in random order in both cross-over periods.
In Part A one single dose of 40 mg atorvastatin and one single dose of 20 mg lisinopril were
administered, and in Part B one single dose of 500 mg griseofulvin and one single dose of 1 mg
digoxin were administered. Sufficient wash-out periods of 9 days were allowed between the drug
administrations. The dose increase of the second part started immediately after the completion of
Visit 7. The total duration of the trial for each individual subject was up to 15 weeks. The DDI
investigations took place after the subject received either 1.8 mg liraglutide at steady state or
placebo. The administration of the interacting drugs was timed so Cmax of liraglutide would
coincide with the absorption peak of the co-administered drugs.

Figure 1: Trial Design
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The investigation of intragastric pH took place after the subject received either liraglutide at
steady-state or placebo on Day 20 in each cross-over period (Visits 5 and 11). Liraglutide/placebo
was administered 1 h after the start of measurement of pH, which was then continued to be
measured for a further 23 h.

Study Population:
Seventy (70) subjects were randomized of whom 42 were allotted to participate in Part A
(exposure to atorvastatin and lisinopril) and 28 in Part B (exposure to griseofulvin and digoxin as

well as gastric pH analysis). Table 1 and 2 below shows the demographics of the enrolled
patients.
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Table 1: Baseline Demographics of Study Population Part A

Nunber of subjects 42

Sex (N (%))
Male 29{69.05%}
Female 13(30.95%}

Ethnic origin (N (%))

Other 1{2.38%)

¥hite 41(97.62%}
Age at screening (Years: )

N 42

Mean 28.7

8D 8.2

Median 26

Min 18

Max T 49
Weight (kg)

N 42

Mean 76.16

SD - 10.86

Median 77.3

Min £3.5

Max 161
Height (m)

N 42

Mean 1.763

SD 0.G35

Median 1.76

Min 1.59

Max 1.97
BMI (kg/(m"2))

N 42

Mean 24 .34

8D 2.89

Median 23.65

Min 19.5

Max 30.1
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Table 2: Baseline Demographics of Study Population Part B

Number of subjects 28

Sex (N (%})
Male 27(96.43%)
Female 1(3.57%)

Ethnic origin (N (%)}

White

Age at screening (Years)

28{100.00%}

N 28
Mean 25.8
5D 4.8
Median 24.5
Min 18
Max 42
Weight (kg)
N 28
Mean 75.68
8D 8.22
Median 73.9
Min 60.4
Mazx 93 .8
Height (m)
N 28
Mean 1.800
gD 0.052
Median 1.805
Min 1.68
Max 1.9
BMI {kg/(m™2))
N 28
Mean 23.32
5D 2.38
Median 22.95
Min 19.6
Max 28.3

Bioanalysis: Quantitative assessment of atorvastatin was determined by a previously validated
LC-MS/MS method (validation report Q-26078). The LOQ of atorvastatin was 0.200 ng/mL and
a ULOQ of 60.0 ng/mL with a 500 uL. sample. Between-batch precision (%CV) results for QC

“ samples prepared at low, medium, and high QC concentrations of atorvastatin was less than or
equal to 4.7% and mean accuracy (%Bias) ranged from -4.2% to 0.2 %. Between-batch precision
(%CV) results of the calibration standards of atorvastatin was less than or equal to 8.80 % and
accuracy (%Bias) ranged from -4.5 to 2.8 %.

Quantitative assessment of griseofulvin was determined by a previously validated HPLC method
(validation report Q-26282). The LLOQ of griseofulvin was 0.100 pg/mL and a ULOQ of 5.0
pg/mL. Between-batch precision (%CV) results for QC samples prepared at low, medium, and
high QC concentrations of griseofulvin was less than or equal to 3.2% and mean accuracy
(“%Bias) ranged from -3.5% to -3.0 %. Between-batch precision (%CV) results of the calibration
standards of griseofulvin was less than or equal to 3.2 % and accuracy (%Bias) ranged from -2.0
to0 3.0 %.

Quantitative assessment of Lisinopril was determined by a previously validated LC-MS/MS
method (validation report Q-26079). The LLOQ of griseofulvin was 0.5 ng/mL and a ULOQ of
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150 ng/mL. Between-batch precision (%CV) results for QC samples prepared at low, medium,
and high QC concentrations of Lisinopril was less than or equal to 4.1% and mean accuracy
(“%Bias) ranged from -3.5% to 1.7 %. Between-batch precision (%CV) results of the calibration
standards of Lisinopril was less than or equal to 7.5 % and mean accuracy (%Bias) ranged from -
0.7 to 2.0 %.Quantitative assessment of Digoxin was determined by a previously validated
chemiluminescent immunometric assay (validation report Q-26251). The LLOQ of Digoxin was
0.64 nmol/L and a ULOQ of 10 nmol/L. Between-batch precision (%CV) results for QC samples
prepared at low, medium, and high QC concentrations of Digoxin was less than or equal to 7.9%
and mean accuracy (%Bias) ranged from -5.3 % to -8.2% .

Data Analysis:

Primary endpoint AUCO-co for atorvastatin, lisinopril and griseofulvin and AUCO0-72h for digoxin
were derived from serum or plasma concentrations and actual times by the standard model-free,
non-compartmental method, using Model 200 for extravascular administration of WinNonlin
Professional, Version 4.1.b (Pharsight Corporation, Mountain View, CA, USA).

The comparison between the treatments (liraglutide and placebo) was performed for atorvastatin,
lisinopril, griseofulvin and digoxin separately by use of a linear normal model (ANOVA) for the
log transformed values of AUC0-0(AUCO0-72h for digoxin), respectively. The model included
effects of period and treatment and a random effect of subject. From this model, the ratio between
the levels corresponding to liraglutide and placebo was estimated together with their 90% Cls.
The estimated ratios and Cls were retransformed from the corresponding estimated differences in
means of the log transformed values together with their Cls. The liraglutide treatment and the
placebo treatment were declared equivalent in AUCO-0 (or AUCO0-72h) for a given drug if the

90% C1 for the ratio between the two treatments was fully contained within the interval (0.8,
1.25).

Pharmacokinetics Results:
Mean concentration versus time curves for atorvastatin, lisinopril, griseofulvin and digoxin are

presented in Figure 2, Figure 3, Figure 4 and Figure 5, respectively.

Figure 2: Mean Plasma Concentration Time Profile for Atorvastatin in Presence and Absence of
Liraglutide
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Figure 3: Mean Plasma Concentration Time Profile for Lisinopril in Presence and Absence of

Liraglutide
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Figure 4: Mean Plasma Concentration Time Profile for Griseofulvin in Presence and Absence of
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Figure 5: Mean Plasma Concentration Time Profile for Digoxin in Presence and Absence of

Liraglutide

ng/mlL
g 5

2.

[

T e

0 6 12 18 24 30 36 42
Planned time (hours)

54 60 66 72

Treatment = Liragiutide -==- Placebo

The effect of Aliraglutide on the primary PK parameter (AUC0-0) of Atorvastatin, Lisinopril and
Griseofulvin, and AUCO0-72h of Digoxin is summarized in Table 3 and 4. AUC,.,, was not
calculated if the extrapolated part was more than 20% of the total AUC.

Table 3: Summary Statistics for AUCO0-w of Atorvastatin and Lisonopril by Treatment

Liraglutide Placebo

Number of subjects 39 42
AUC {(h*ng/mL) atorvastasin

N 38 41

Mean 62.37 65 .68

8D 25.78 24 .45

Geometric mean 57.81 61.62

Median 54.64 66.83

Min —

Max b( )
AUC {h*ng/mL) lisonopril 4

N 38 38

Mean 1086.43 1272.04

SD 429.44 467.88

Geaometric mean 1006.30 1188.47

Median -

Min

Max
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Table 4: Summary Statistics for AUCO0-o of Griseofulvin and AUC0-72 Digoxin by

Treatm

ent

Liraglutide Placebo
Number of subjects 27 26
AUC {h*ug/wl) grisecfulwvin
M 19 21
Mean 32.56 29.62
SD 8.065 7.8¢
Geometric mean 31.7% 28.68
Median 2B.81 27.82
Min
Max ——————
—
RUC{(0-72h) ( h*ng/mL) digoxin
N 26 25
Mean 28.22 31.78
SD 16.83 15.89
Geometric mean 23.69 28.32
Median 25.58 30.31
Min
Max

b(4)

The results from the primary statistical analyses of Part A and Part B are presented in Table 5 and
Table 6, respectively. For atorvastatin and griseofulvin, equivalence was demonstrated with
respéct to AUCOQO-0 as the 90% confidence interval for the estimated ratio of AUCO0-
(liraglutide/placebo treatment) was within the pre-specified limits for equivalence, i.e. within 0.80

to 1.25.

Table S: Statistical Comparison between Treatments (Liraglutide/Placebo) for Atorvastatin

and Lisonopril.
liraglutide/placebo

atorvastatin

AUC,.., N 42
Estimate 0.946
Lower 90% limit 0.88¢6
Upper 90% limit 1.010

lisonopril

AUC ... N 40
Estimate 0.849
Lower 90% limit 0.747
Upper 920% limit 0.966
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Table 6: Statistical Comparison between Treatments (Liraglutide/Placebo) for Griseofulvin

and Digoxin.

Table 11-6 Comparison of AUC... of Griseofulvin and AUC 7y, of Digoxin

liraglutide/placebo

griseofulvin

AUC N 22
Egtimate 1.096
Lower 90% limit 1.013
Upper 90% limit 1.185

digoxin

RAUC(0-72h) N 27
Estimate 0.843
Lower 90% limit 0.722
Upper 90% limit 0.984

Fbr lisinopril and digoxin, however, equivalence could not be demonstrated for AUCO- or

AUCO-72h, respectively, when the drug was given at liraglutide steady state conditions compared
to during placebo treatment. The AUCO-co for lisinopril was 15% smaller at liraglutide treatment
than during placebo and AUCO-72h for digoxin was 16% smaller at liraglutide treatment
compared to during placebo.

A summary of secondary PK parameters of Atorvastatin, Lisinopril and Griseofulvin, and
Digoxin is summarized in tables below.

Table 7: Pharmacokinetic parameters for Atorvastatin

Liraglutide Placebo

Number of subjects 39 42
Cmax (ng/mL}

N 38 42

Mean g.30 14.19

[230] 4.41 9.36

Geometric wmean 7.41 12.05%
tmax (h)

N 29 42

Median 3.00 1.00

Min

Max —_—
thalf (h)

N 39 42

Mean 7.47 9.03

sD 2.13 2.60

Harmonic mean &.95 2.24
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Table 8: Pharmacokinetic parameters for Lisinopril

Liraglutide Placebo
Number of subjects 38 38
Cmax {ng/ml)
N 38 38
Mean 64.41 87.59
SD 2T7.69 35.568
Geometric mean 58.51 80.30
tmax (h)
N 38 38
Median 8.00 5.00 b(4}
thalf (h)
N 38 38
Mean 20.63 20.26
SD 8.11 4.63
Harmonic mean 18.50 19.30
Table 9: Pharmacokinetic parameters for Griseofulvin
Liraglutide Placebo
Number of subjects 27 26
Cmax {(ug/mL)
N 27 26
Mean 1.07 0.75
sD 0.40 0.18
Geometric mean 0.99 0.73
tmax {h)
N 27 26
Median 5.00 6.00
thalf (h)
N 27 26
Mean 16.75 16 .59 b(d)
sD 6.22 10.41
Harmonic mean 15.07 14 .35
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Table 10: Pharmacokinetic parameters for Digoxin

Liraglutide Placebo
Number of subjects 26 25
Cmax (ng/mb)
N 26 2k
Mean 3.29 4.67
SD 1.55 2.03
Gecometric mean 2.92 4.32
tmax {h)
N 26 25
HMedian 1.50 1.00
Min b
Max ‘4)

Table 11: Statistical Comparison between Treatments (Liraglutide/Placebo) for
Atorvastatin and Lisonopril.
liraglutide/placebo

atorvastatin

Cmax (ng/mL) N 42
Estimate 0.619
Lower 90% limit 0.533
Upper 90% limit 0.720

tl/2 (h) N 42
Estimate 0.826
Lower 90% limit 0.769
Upper 90% limit 0.887

lisonopril

Cmax (ng/mL) N 40
Estimate 0.730
Lower 90% limit 0.630
Upper 80% limit 0.84¢

tl/2 (h) N 40
Estimate 0.982
Lower 90% limit 0.901
Upper 90% limit 1.0790
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Table 12: Statistical Comparison between Treatments (Liraglutide/Placebo) for
Griseofulvin and Digoxin.
liraglutide/placebo
grigsecfulvin
- Cmax N 27
Estimate 1.369
Lower 90% limit 1.243
Upper 90% limit 1.507
t1/2 N 27
Estimate 1.043 -
Lower 90% 1imit 0.912
Upper 90% limit 1.194
digexin
Cmax N 27
Egtimate 0.691
Lower 90% limit 0.602
Upper 20% limit 0.794

For atorvastatin, equivalence was not demonstrated for Cmax (38% lower) than the placebo
group. For lisinopril, equivalence was not demonstrated for Cmax (27% lower) than the placebo
group. For griseofulvin, equivalence was not demonstrated for Cmax (37% higher). For digoxin,
equivalence was not demonstrated for Cmax (31% lower).

Mean plasma concentration profiles of liraglutide are shown in Figure 6

Figure 6: Plasma Concentration Profile of Liraglutide.
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Descriptive statistics for liraglutide pharmacokinetic parameters are displayed in Table 13. The
ratio of mean dose-adjusted AUCt at steady state and AUCO0-24 after the first dose was
approximately 1.8.

Table 13: Pharmacokinetic Parameters for Liraglutide

Firgt dose

Steady state

Number of subjects

Cmax {pmol/L)

N

Mean

SD

Geometric mean
Median

Min

Max

tmax (h}

N

Mean

SD

Geometric mean
Median

Min

Max

AUC* (h*pmol/L)

N

Mean

8D

Geometric mean
Median

Min

Max

CL/F

N

Mean

SD

Geomstric mean
Median

Min

Max

55
67 65
8839.75 44663 .05
2694 .22 10524.41
8500.23 43464 .33
8625.00 44837.00
67 65
13.33 8.97
3.68 2.25
12.84 9.24
12.00 19.00
67 &5
147910.94 BO09120.72
40245.31 186605.27
143417.83 782093 .25
145720.00 803166.89

65

0.62

0.14

0.61

0.60

e ——————

Efficacy Conclusions
Atorvastatin and griseofulvin, equivalence was demonstrated with respect to AUC0-o0
when the drugs were given at liraglutide steady state conditions compared to during

placebo treatment.

b(a)

Lisinopril and digoxin, equivalence was not demonstrated with respect to AUCO-c0
(lisinopril) and AUCO0-72h (digoxin) when the drugs were given at liraglutide steady state
conditions compared to during placebo treatment. The AUCO-co for lisinopril was 15%
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lower and the AUCO0-72h for digoxin was 16% lower at liraglutide steady state conditions
compared to during placebo treatment.

Atorvastatin, lisinopril, griseofulvin and digoxin, equivalence was not demonstrated with
respect to Cmax when the drugs were given at liraglutide steady state conditions
compared to during placebo treatment. Cmax for atorvastatin, lisinopril and digoxin were
38% lower, 27% lower and 31% lower respectively. The Cmax for griseofulvin was 37%
higher when administered at liraglutide steady state conditions.

Atorvastatin, lisinopril and digoxin, median tmax was delayed by 2 h, 2 h and 0.5 h at
liraglutide steady state conditions compared to during placebo treatment. For
griseofulvin, tmax was not affected by treatment.

Median intragastric pH showed no statistically significant difference between liraglutide
steady state conditions and placebo treatment for the entire period as well as during the
supine, postprandial and meal periods. Further, there was no difference in the fraction of
intragastric pH values above 4 during the entire period, pre-drug, post-prandial or supine
periods. For the meal period, the fraction of measured pH values above 4 was lower at
liraglutide steady state conditions than during placebo treatment (P = 0.044).

An expected increase in AUCT and Cmax was shown at steady state compared to single
dose. The ratio of mean dose-adjusted AUCrt at steady state and AUCO0-24h after the first
dose was 1.8. Liraglutide tmax occurred 4 h earlier at steady state than at first dose
(estimated median difference was -4 h (90% CI: [-5.5; -3.0]).

Overall Conclusions

The exposure (AUC) of single dose griseofulvin or atorvastatin was equivalent at steady
state levels of liraglutide and during placebo treatment.

The lower Cmax and delayed tmax for the oral drugs when given concomitantly with
steady state liraglutide was as expected reflecting a slight delay in gastric emptying.

No significant overall effect of liraglutide on intragastric pH was recorded.

Steady state pharmacokinetics for liragiutide showed increased AUCt and Cmax and
earlier tmax compared to single dose pharmacokinetics. The ratio between dose-adjusted
AUCt at steady state and AUCO0-24h after the first dose was approximately 1.8,
indicating accumulation of liraglutide.

No safety concerns were raised.

Reviewer’s Comment:

Overall the study design and the data analysis seem reasonable. However, it was noted that
detailed bionalytical validaltion reports of atorvastatin, digoxin, lisinopril and griseofulvin were
not included in the submission. ’

The effect of liraglutide on various co-administered drug observed from this study is summarized

below:

Co-administered Drug Cmax AUC
Atorvastatin 138 % >
(40 mg)
Digoxin 131 % 116 %
(1 mg)
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Lisinopril 127 % 115 %
(20 mg)
Griseofulvin 137 % o
(500 mg)

«> No change
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4.2.11 Pharmacokinetics in Elderly (NN2211-1327)
Study Details:

Title of Trial An open label, single dose trial with two groups comparing the
pharmacokinetics of hraglutide in young versus elderly subjects of both
sexes

Trial 1D NN2211-1327

Development Phase Phase 1

IND Number (US only){Not applicable

Compound Name Liraglutide

Indication Diabetes mellitus

Investigators Georg Golor, M.D., Ph.D. (principal investigator)

—_— Yy

Trial Site //

Trial Initiated 19 April 2004

Trial Completed 16 June 2004

Sponsor Global Development, Novo Nordisk A/S

International Medical {Milan Zdravkovic, M.D., Ph.D.

Officer Novo Nordisk A/S

International Trial Birgitte Bentz Dambholt, Ph.D., and Marianne Ekblom, Ph.D.

Managers Novo Nordisk A/S

Local Trial Manager | Ulrike Petry, Novo Nordisk Pharma GmbH, Germany

Statisticians ‘ — — — . b(@;
Poul C. Pedersen, M.Sc., Novo Nordisk A/S

Medical Writer Trine Kruse, M.Sc., Novo Nordisk A/S

Report Date 07 April 2005

Objective:

The primary objective of the study was to compare the pharmacokinetic exposure of liraglutide
(NNC 90-1170), AUC(0-t), where t is the time of the last quantifiable concentration, after a single
subcutaneous injection in young versus elderly healthy subjects.

The secondary objectives were; to compare the pharmacokinetic parameters Cmax, tmax,
AUC(0-), CL/F, Vz/F, and t% of liraglutide after a single subcutaneous injection in young
versus elderly subjects; to compare the pharmacokinetic parameters AUC(0-t), Cmax, tmax,
AUC(0-0), CL/F, VZ/F, and t" of liraglutide after a single subcutaneous injection in male versus
female subjects, and to evaluate the safety of liraglutide in young and elderly, male and female
subjects.

NDA 22-341 (Liraglutide) OCP Review 201



Methodology:

e The trial was an open label, single centre, and single dose trial between two groups
(young and elderly) of healthy subjects.

o The young group was comprised of subjects between 18—45 years of age and the elderly
group comprised subjects aged 65 years and above. Each age group consisted of an equal
number of males and females, and the age distribution (male vs. female) within each age
group was to be roughly matched. ’

e The trial consisted of three visits; Visit 1 (screening), Visit 2 {(dosing; days 1--4 in-house
stay at the clinic), and Visit 3 (follow-up). The subjects were dosed with a single dose of
1 mg liraglutide in the evening, administered as a s.c. injection in the abdomen. Dosing
took place at approximately 21:00 hours and blood samples for pharmacokinetic
evaluation were drawn from pre-dose to 60 hours post-dose.

Number of Subjects (Planned and Analyzed):

A total of 32 subjects were planned to be enrolled in the trial; 16 subjects per age group — 8 males
and 8 females. The subject disposition is provided below:

Young Elderly Total
Screened 16 {100.0 %) 16 {1006.0 %) 32 {100.0 %)
safety population 16 {100.0 %} 16 {100.0 %) 32 (100.0 %)
PR population 186 {100.0 %) 18 {100.0 %) 32 {100.0 %)
Completers 16 {100.0 %) 16 {106.0 %) 32 (100.0 %}

PX: pharmacckinetics

INCLUSION CRITERIA, DOSE

Healthy male or female subjects; aged between 18-45 years or above 65 years; good general
health; body mass index (BMI) between 18-30 kg/m* both inclusive. Liraglutide (NNC 90-
1170), 5 mg/mL formulation (Batch no. LLDP007) was utilized and 1 mg was administered as a
single subcutaneous (s.c.) injection by a NovoPen® 1.5.

Pharmacokinetic Assessment:

A 60-hour, 24-point plasma profile of liraglutide to determine AUCy., Chaxs tmaxs AUCo.0, CL/F,
V/F, and t'% after a single s.c. dose of liraglutide.

Safety:

Hematology, biochemistry (incl. safety plasma glucose), urinalysis, physical examination, vital
signs, electrocardiogram (ECG), adverse events, and hypoglycaemic episodes were assessed for
the safety.

Statistical Methods:

The primary endpoint was AUC,. — the area under the liraglutide plasma concentration curve

from time 0 to last quantifiable concentration. The equivalence criterion was defined as the
interval [0.80; 1.25]. The null hypothesis to be tested was that the ratio between the age groups
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was outside the [0.80; 1.25] interval. This hypothesis was rejected and the two age groups
declared equivalent if a 90% confidence interval for the ratio was fully contained within the
interval.

The comparison ‘young versus elderly’ as well as “male versus female’ was performed for AUC,,
and for the secondary endpoints AUC,.,, CL/F, V/F, Cpax, and t%% using a linear normal model
(analysis of covariance, ANCOVA) based on the logarithmic transformed values. The model
included fixed effects of age group and of sex, and included log(body weight) as a covariate.
Based on the statistical model, ratios of ‘elderly versus young’ and ‘“female versus male’ with
90% confidence intervals were estimated on the original linear scale by re-transforming the
corresponding estimates for the differences ‘elderly minus young’ and ‘female minus male’ on
the log-scale.

The analysis of tm, was done by use of non-parametric methods; the difference in medians
between age groups as well as between genders with 90% confidence intervals was estimated
using the Hodges-Lehman estimator. Throughout the analyses a two-sided significance level of
5% was used for descriptive p-values and a 90% confidence level was applied (only applicable to
the ANCOVA for pharmacokinetic parameters). No multiplicity adjustment was performed.

Adverse events were summarized by age group and overall, by system-organ class and MedDRA
preferred term, severity, and relation to trial product. Other safety assessments (clinical
laboratory parameters, vital signs, ECG) were presented by descriptive statistics and change from
pre-dose to follow-up, where appropriate.

Pharmacokinetic Results:

Pharmacokinetics was evaluated in a subject population, where mean age in the young age group
was 33.0 years (range 21-45 years) and mean BMI was 24.3 kg/m? (range 20.6-28.0 kg/m?). In
the elderly age group, mean age was 69.2 years (range 65-83 years) and mean BMI was 25.7
kg/m® (range 20.7-30.7 kg/m?). In both age groups, the male subjects weighed more than the
female subjects. Both age groups consisted of 8 male and 8 female subjects. The mean (£SD)
profiles of liraglutide concentrations (linear scale) after a single s.c. dose of 1 mg — by
age group are presented below:
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o AUC,, was declared equivalent in young and elderly subjects as assessed from the 60-
hour liraglutide plasma profile obtained after a single 1 mg dose of liraglutide.

AUC . (h*pmol /L)

young [N=16} elderly (N=16) estimate 90% CI
mean (SD) mean (SD} {ratic)
435362 .5 (89627.8) 460276.9 {128486.8) 0g.94 {0.84:1.06]

* No statistically significant differences were found between the other pharmacokinetic
parameters, Cmax, tmax, AUCq.,, CL/F, V/F, and t', after administration of a single
dose of liraglutide to young and elderly subjects.
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e There appeared to be a difference between male and female subjects based on the time-
concentration profiles and the corresponding derived parameters. However, when
adjusting for body weight (which was a significant covariate), there were no statistically
significant differences between the pharmacokinetic parameters, AUC(0-t), Cmax, tmax,
AUC(0-»), CL/F, Vz/F, and t'%,after administration of a single dose of liraglutide to male
and female subjects.

s tmax (overall mean) was found to be 12.2 hours and t' (overall mean) was 13.5 hours.
Both results were in accordance with previously reported results.

Safety Results:

o Adverse events were reported by 7 (44%) young subjects (6 female and 1 male) and by |
(6%) elderly, female subject. Most events were of moderate severity, none of the events
were considered severe, and all subjects recovered from the adverse events. The most
frequently reported adverse events were headache (4 events), vomiting (4 events), and
nausea (3 events).

e All adverse events, except one episode of ‘stomach discomfort” were judged by the
investigator to be possibly or probably related to the trial product.

e No serious adverse events were reported and no subject withdrew due to an adverse
event.

e Adverse events related to the gastro-intestinal body system occurred at time of Cmax.

e No clibnically relevant changes were found for clinical laboratory tests, vital signs, ECG,
or safety plasma glucose.

Sponsor’s Conclusions:
e Liraglutide AUC,, is equivalent in young and elderly subjects after a single 1 mg dose.

e No statistically significant or clinically relevant differences in the exposure or
pharmacokinetic parameters of liraglutide were found between young and elderly
subjects.

e There appeared to be a difference between male and female subjects based on the time-
concentration profiles and the corresponding derived parameters. However, when
adjusting for body weight (which was a significant covariate), there were no statistically
significant differences between male and female subjects.

e The adverse event profile was as previously described, although adverse events seemed
to be most frequent in young, female subjects.

* No clinically relevant findings were seen for clinical laboratory tests, vital signs, ECG, or
safety plasma glucose.
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Assay Performance:

The inter-assay precision (coefficient of variation) of quality control samples ranged between
11.5% and 17.4 %%,

There was no marked inaccuracy in the results from these quality control samples: mean
inaccuracies: -13.7 % (n=34) to 9.4 % (n=34).

Reviewer’s Comments:

Overall, the study conduct and assessments were appropriate. There were no major protocol
violations affecting the study outcome. The sponsor’s conclusions are also reasonable from a
clinical pharmacology perspective.

Revised Analysis to Address the DSI findings on Bioanalytical Method

Sponsor conducted re-evaluation of liraglutide plasma concentration raw data from this study.
The primary endpoint in Trial 1327 was AUCO-t and the criteria for including a profile in the
updated analysis were: 1) minimum one sample <10 hours post-dose and 2) acceptable number
and scattering of samples. Of the 32 profiles available for re-evaluation, 26 profiles were accepted
for AUC analysis while 6 profiles were rejected. Mean profiles by age and gender group based
on the updated dataset are presented below.
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Comparison between Age Groups and Gender — Primary Endpoint — Trial 1327

Elderly / Young Femals / Male
Original Analysis
AUC{0-t)
Estimate .94 1.08
Lower 90% limit G.84 0.93
Upper 90% limit 1.0¢ 1.2¢
Updated Analysis
AUC {0-%)
Estimate 3,91 1.08
Lower 90% limit 5.80 0.92
Upper 99% limit 1.03 1.28

Based on the revised analysis:
e Equivalence was declared between age groups based on the updated analysis as the 90%
confidence intérval for the ratio (AUCO-t) was contained within the pre-specified [0.80;
1.25] interval. .
e For gender, equivalence could not be declared as the 90% confidence interval for the
ratio (AUCO-t) was not contained within the pre-specified [0.80; 1.25] interval. Both
these results were in agreement with the original analysis results.
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4.2.12 Renal Impairment Study (NN2211-1329)

Title of Study: A single-centre, opeﬁ—label, trial investigating the pharmacokinetics and the
tolerability of liraglutide in subjects with normal renal function and in subjects with impaired
renal function :

Study Site:
Studied Period: 1 Sep 2005 to 20 Mar 2006
Primary Objective:

e to assess whether dose adjustment is required for subjects with renal impairment by
investigating the pharmacokinetics of liraglutide after a single s.c. dose in subjects with
normal renal function and in subjects with various degrees of renal impairment

Secondary Objectives:

e to estimate renal clearance (CLR) of liraglutide in subjects with normal renal function
and in subjects with various degrees of renal impairment

e to estimate the plasma protein binding of liraglutide in plasma samples from subjects
with normal renal function and in subjects with various degrees of renal impairment

e to examine the disposition of liraglutide in subjects with end stage renal disease (ESRD)
on continuous ambulatory peritoneal dialysis (CAPD)

e to evaluate the safety after a single dose of liraglutide in subjects with normal renal
function and in subjects with various degrees of renal impairment

Methodology: This was a single-centre, open-label, parallel group, single dose trial in healthy
subjects and in subjects with renal impairments grouped according to their creatinine clearance or
whether they received CAPD. The trial consisted of a Screening Visit to assess eligibility (Visit
1), Visit 2 where relevant inclusion and exclusion criteria were re-checked and which took place
within 21 days of Visit 1, Visit 3 lasting 3 days and included administration of liraglutide and
immediately followed Visit 2. Visit 4 was the last day of liraglutide plasma sampling (72 h after
dosing).

Blood samples for plasma liraglutide were drawn at the following time-points: - 30 and - 15
minutes prior to dosing and at 2h, 4h, 6h, 8h, 9h, 9.5h, 10h, 10.5h, 11h, 11.5h, 12h, 12.5h, 13h,
13.5h, 14h, 15h, 16h, 21h, 24h, 36h, 48h, 60h and 72h after dosing at Visit 2. The
pharmacokinetic endpoints were derived from the liraglutide time concentration curves.

Number of Subjects (Planned and Analyzed): 35 subjects were screened and 30 subjects were
enrolled into the trial. 30 subjects were exposed to liraglutide and completed the entire trial
period. All 30 exposed subjects were included in both the pharmacokinetic and the safety
populations. 30 subjects were exposed to liraglutide; 22 males and 8 females with at least one
female per renal group. All enrolled subjects were white, except for two males of Maori and
Asian Pacific Islander origin, respectively. The subjects were between 31 and 82 years of age
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(mean age 57.0 years) with the group of healthy subjects being younger than all the renal
impairment groups. The renal function groups were balanced with respect to weight and BMI,
although the mean and median weight was lower in the subjects with severe renal impairment
(mean weight 71.7 kg in the severe group versus more or equal to 82.2 kg in the other renal
function groups). The mean BMI across the groups was 27.9 kg/m’ (range: 22.8 to 37.4).

Diagnosis and Main Criteria for Inclusion: Male and female subjects aged between 18 to 85
years (both inclusive) who were either healthy or had renal impairments as defined by creatinine
clearance (using the Cockcroft & Gault formula). End-stage renal disease subjects were enrolled
if receiving CAPD. The subjects’ health status, further to their renal impairment, was assessed at
screening and included physical examination, vital signs, medical history, ECG and clinical
laboratory tests. The body mass index of enrolled subjects was to be below 40.0 kg/m’.

Test Product, Dose/Strength/Concentration, Mode of Administration and Lot Numbers:
Liraglutide was supplied by Novo Nordisk A/S as a 6.25 mg/mL solution (batch number
PP51138). The solution was supplied in a prefilled disposable pen device, —~—— (3 mL). The
trial product was administered using NovoFine® needles (30G), also supplied by Novo Nordisk
A/S. The dosage administered was 0.75 mg injected subcutaneously into the thigh of trial
subjects.

Criteria for Evaluation
Pharmacokinetics:

The prirﬁary objective of the trial was to investigate whether healthy subjects and subjects with
various degrees of renal impairment were equivalent with respect to AUC,., after a single dose of
liraglutide.

Equivalence could be demonstrated if the 90% confidence interval for the ratio of AUC,., for the
group comparison healthy/severely renally impaired was within the pre-defined limits of [0.70,
1.43]. The same equivalence criterion was used for the other group comparisons.

Secondary pharmacokinetic endpoints were derived from the liraglutide time concentration
curves and included AUC., CL/F, Cpax, AZ, t, thax, V/F and CLR, CLPD.

The secondary endpoints were also estimated for the unbound fraction of liraglutide.

An ANOVA of the log transformed endpoints adjusted for renal group, age and log(weight) was
performed. The ANOVA performed for the unbound fractions of liraglutide were furthermore
adjusted for concentration and an interaction between concentration and renal group with a
random effect of subject.

Regression analyses of log(AUC,.,), log(secondary endpoints) and log(unbound fraction)
corrected for age, log(weight) and log(creatinine clearance) were also performed. An explorative
regression analysis was made to investigate a potential association between the primary endpoint,
AUC,.,, and the following covariates; AAG, LDL, VL.DL, HDL, and albumin.

Safety: Safety was evaluated based on assessments of adverse events, physical examinations,
vital signs, ECGs and laboratory tests.
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Statistical Methods:

Lfficacy

Swyeyy

The primary objective of the trial was to investigate whether healthy subjects and
subjects with various degrees of renal impairment were equivalent with respect to
AUC(0-0) after a single dose of liraglutide.

The trial was carried out in accordance with available guidelines (EMEA and FDA) on
the conduct of trials in subjects with renal impairment. Equivalence could be
demonstrated if the 90% confidence interval for the ratio of AUC,., for the group
comparison healthy/severely renally impaired was within the pre-defined limits of [0.70,
1.43]. The same equivalence criterion was used for the other group comparisons.

Secondary pharmacokinetic endpoints were derived from the liraglutide time
concentration curves and included AUC., CL/F, Cpax, AZ, ty, tmax, V/F and CLR, CLPD.

The secondary endpoints were also estimated for the unbound fraction of liraglutide.

An ANOVA of the log transformed endpoints adjusted for renal group, age and
log(weight) was performed. The ANOVA performed for the unbound fractions of
liraglutide were furthermore adjusted for concentration and an interaction between

concentration and renal group with a random effect of subject.

Regression analyses of log(AUC,.,), log(secondary endpoints) and log{unbound fraction)
corrected for age, log(weight) and log(creatinine clearance) were also performed.

An explorative regression analysis was made to investigate a potential association
between the primary endpoint, AUCy.,, and the following covariates; AAG, LDL, VLDL,
HDL, and albumin.

The assessment of safety parameters was based on descriptive statistics
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Pharmacokinetic Results:
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* Equivalence was not demonstrated between the group of subjects with severe renal
impairment and healthy subjects with respect to the primary endpoint AUC,, and the
clearance was higher in severe renal impairment (estimated ratio 0.73 and CI [0.57,

0.94]).
* However, no clear association was observed between degree of renal impairment and
liraglutide AUC.,.
Safety Results:

Liraglutide was well tolerated by subjects in all renal groups. No serious adverse events were
reported. The most frequently occurring treatment emergent adverse events were headache (8
events reported by 6 subjects), vomiting (5 events reported by 4 subjects) and nausea (4 events
reported by 4 subjects). The treatment related gastro-intestinal adverse events were, however,
mild or moderate in character and with a duration of 1 to 2 days. There was no trend for a greater
number of adverse events reported in subjects with various grades of renal impairment compared
to healthy subjects, although the group of subjects with end-stage renal disease on CAPD
experienced more events of vomiting compared to the other renal function groups. However, this
was not matched with a greater exposure in these subjects.

Sponsor’s Conclusions:

* Subjects with type 2 diabetes who also suffer from renal impairment, including subjects
with end stage renal disease, should use standard treatment regimens for liraglutide and
be dosed according to their glycaemic control.

* The categorical and continuous analyses were not in agreement and therefore it cannot be
concluded that reduced renal function has an impact on the liraglutide pharmacokinetics.

* No conclusion as to excretion of intact liraglutide in urine and dialysis fluid can be made
due to lack of documentation for the stability of the samples during storage.
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e The analysis of the unbound fraction of liraglutide did not indicate increased unbound
liraglutide concentrations with renal impairment, although the data were highly variable.
¢ Liraglutide was well tolerated in all renal groups and no safety concerns were raised.

Reviewer’s Comment:
Assay Performance

The plasma sarnples (749) were analyzed in 37 assay runs, accepted according to the predefined
acceptance criteria. Eleven assay runs were rejected (eight due to calibration failure and three due
to QC- failure). 311 samples were re-analyzed due to various causes (valid reasons were
provided for reanalysis).

The inter-assay precision (coefficient of variation) of quality control samples ranged between 6.1
% and 17.9 %.

There was no marked inaccuracy in the results from these quality control samples: mean
inaccuracies: -13.2 % (n=8) to 8.7% (n=8).

Study

Overall, the study conduct and assessments were appropriate. There were no major protocol
violations affecting the study outcome. The sponsor’s conclusions are also reasonable from a
clinical pharmacology perspective.

Revised Analysis to Address the DSI findings on Bioanalytical Method

Sponsor conducted re-evaluation of liraglutide plasma concentration raw data from this study.
The primary endpoint in Trial 1329 was AUCO-c and the criteria for including a profile in the
updated analysis were: 1) minimum one sample <10 hours post-dose, 2) at least 3 out of 6
possible samples in the 20—72 hour post-dose period (sampling schedule: 20, 24, 36, 48, 60 and
72 hours) and 3) acceptable number and scattering of samples. Of the 30 profiles available for re-
evaluation, 27 profiles were accepted for AUC analysis while 3 profiles were rejected. Mean
profile based on the updated dataset is presented below.
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Comparison between Renal Groups - Primary Endpoint —- Trial 1329

Mild/Normal Moderate/Normal Severe/Normal End stage/Normal

Original Analysis

57 .74
.54 0.56&
L85 G.87
Updated Analysis
.85 G.70
.51 0.53
G.83 [L5%
— S

The results from the revised analysis were in agreement with the original analysis.
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4.2.13 Hepatic Impairment Study (NN221 1-1328)

Title of Trial

A single-centre, open-label trial investigating the pharmacokinetics and the safety profile afier a single dose of
liraglutide in subjects with hepatic impairment and in subjects with normal hepatic function

Signatory angd Principal ¥ nvestigator

Professor Janusz Cianciara, Clinic of Hepatology and Acquired Immunodeficiencics,
Institute of Infectious and Parasitic Diseases of Medical Academy of Warsaw, Poland
Trial Site

Clinic of Hepatology ad Acquired Immunodeficiencies,

Institute of Infectious and Parasitic Diseases of Medical Academy of Warsaw

37, Wolska Street

01-210 Warsaw

Poland

Publications

Flint A, Nazzal K, Jagielski P, Segel S, Zdravkovic M. Influence of Hepatic Impairment on Pharmacokinetics of the
Long-Acting Human GLP-] Analogue Liraglutide. Abstract presented at the 67 Scientific Sessions, American
Diabetes Association, Chicago, US. 22-26 June 2007,

Trial Period Development Phase
9 Mar 2006 10 26 Jun 2006 Phase |
Objectives

Primary Objective

* To investigate the pharmacokinetics of liraghutide after 3 single dose in subjects with mild. moderate and severe
degrees of hepatic impairment compared with subjects with normal hepatic function, :

Secondary Objectives

* To compare the safety profile after a single dose of liraglutide in subjects with mild, moderate, or severe hepatic
impairment and subjects with normal hepatic function. _ '

* To compare the plasma protein binding of liraglutide in plasma samples from subjects with mild, moderaie or
severe hepatic impairment and subjects with normal hepatic function.

Methodology

* A single-centre, open-label, paraflel group, single dose triaf in healthy subjects and in subjects with hepatic
impairments grouped according 1o their Child-Pugh classification.

* The trial consisted of a Screening Visit to assess eligibility (Visit 1), a 96 hour in-house visit including
administration of liraglutide (Visit 2) within four weeks of Visit 1and a Follow-up Visit (Visit 3) up o two weeks
after Visit 2.

* _Plasma sampling was performed for 72 hours after

Number of Subjects Planned and A nalysed

* 25 subjects were screened and 24 subjects were randomised and exposed to liraglutide.

* One subject did not attend Visit 3 and was withdrawn from the uial, '

* 23 subjects completed the entire {rial period.

* All 24 exposed subjects were included in both the pharmacokinetic and safety populations,

Diagnosis and Main Criteria for Inclusion

Male and female subjects aged between 18 10 75 years (both inclusive) who were cither healthy or had stable hepatic

impainment classified as Child-Pugh grade A (mild), B (moderate) or C (severe) as assessed by the investigator. The

subjects” health status, further to their hepatic impairment, was assessed at screening and included physical
examination, vital signs, medical history, ECG and clinjcal laboratory tests. The body mass index of eorolled subjects

Was 10 be between 18.5 10 40.0 kg/n?’ (both inclusive).

administration of lira glutide.
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Test Product, Dose and Mode of Administration, Batch Number

¢ Liraglutide was supplied by Novo Nordisk A/S as 1 6.25 mg/mL solution (batch number PP51138). The solution
was supplied in a prefilled disposable pen device, FlexPen® (3 mL). The trial product was administered using
NovoFine® needles (30G), also supplied by Novo Nordisk A/S.

» The dosage adininistered was 0.75 me injected subcutancously into the thieh of wial subjects.

Duration of Treatment
One single administration of liraglutide was administered during Visit 2, a visit which lasted 96-liours. The fotal trial
duration for each individual subject was up 1o 7 weeks.

Reference Therapy, Dose and Mode of Administration, Bateh Number
No reference therapy was used.

Criteria for Evaluation - Efficacy

Blood samples for plasma liraglutide were drawn a1 the following time-points: 15 and 30 minutes prior to dosing and
at 2h, 4h, 6h, 8h, Oh, 10k, 11h, 12h, 130, 14k, 15h. 16h, 2th, 24h, 36h. 48h, 60h and 72h afier dosing at Visit 2. The
pharmacokinetic endpoints were derived from the liraglutide time concentration curves.

Urine was collecied in the time period 10 to 21 hours afier dosing and used for estimating renal clearance of
liraglutide.

Criteria for Evaluation — Safety
Safety parameters included adverse events, episodes of hypoglyeaemia, clinical laboratory tests (haematology,

clinical chemistry and urinalysis), 12-lead ECG. physical examination and vital signs.

Statistical Methods ’

Efficacy

¢ The primary endpoint of the trial was to investigate whether healthy subjects and subjects with hepatic
impairments classified according to Child-Pugh grades A (muld), B (moderate) and C (severe) were equivalent
with respect to AUC.., afier a single dose of liraglutide.

* The trial was carried out in accordance with available guidelines (EMEA and FDA) on the conduct of trials in
subjeets with hepatic impairments. Equivaleace could be demonstrated if the 90% confidence interval for the ratio
of AUC.,., for the group comparison healthy/severely hepatically impaired subjects was within the pre-defined
limits of [0.70, 1.43]. The same equivalence criterion was applied for the other group comparisons.

* Secondary pharmacokinetic endpoints were derived from the liraglutide time concentration curves and included
AUCq.y;, CLF. Cos R b s V,F and © Lg. '

¢ All endpoints were also estimated for the unbound fraction of liraglutide.

* An ANOVA of the log transformed endpoints adjusted for hepatic group, age, gender and log(weight) was
performed. Regression analyses of log(AUC..y) and log(unbound fraction) corrected for age, sex, log{weight),
log(albumin) and log(portal vein diameter) were also performed. Interaction between concentration and hepatic
group and a random effect of subject were accounted for in the analyses of the unbound fraction of liraghutide.

* An explorative regression analysis was made to i nvestigate a potential association between the primary endpoint,
AUCq.., and the following covariates; bilirubin, ASAT, ALAT, LDL. VLDL, HDL. AAG, PTT and liver
diagnosis (i.e. viral or alcoholic hepatic impairment),

Safety

*» _The assessment of safety parameters were based on descriptive statistics.

Demography of Trial Population

24 subjects (6 subjects per group) were exposed to liraglutide: 14 males and 10 females and at Teast two females per
hepatic group. The groups were well balanced with respect to weight (mean: 76.7 kg, range: 493 10 111.5) and BMI
(mean: 27 kg/m’, range: 19.7 10 34.8). All enrolled subjects were white and between 21 and 61 years of age (mean
age 47.8 years). The subjects in the groups of moderate and severe hepatic impairment were generally older than the
subjects in the normal and mild hepatic impairment groups (53.2 and 49.8 years versus 43.8 and 44.5 vears

| respectivelyy.
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Efficacy Results

* Equivalence with respect to AUC w0 Was not demonstrated between the groups of severely hepatically impaired
subjects and healthy subjects (estimated ratio o 0.56 with a 90% confidence interval of {0.39, 0.81 b. with
hepatically impaired subjects having a lower exposure to liraglutide,

Hepatic group

Mild/Hormal Moderate/Normal Severe/Normal

AUC
Estimate 0.77 ¢.87 0.58
Lower 90% limit Q.53 C.60 9.39
Upper 90% limit 1.11 1.25 0.81

* Equivalence with respect to AUCy..., was not demonstrated between any of the other groups of hepatically
impaired subjects and healthy subjects cither (estimated ratios and 90% confidence intervals of 0.77 [0.53, 1.1 1]
and 0.87 {0.60, 1.25] for mild/normal and moderate/normal. respectively).

* The group comparisons of subjects with severe, moderate and mild hepatic impairment versus healthy subjeets
were found (o be equivalent with respeet to &y (inverse li2) (severe/normal comparison had an estimated ratio of
L I8 with a 90% confidence interval of {1.02, 1.36]. but not for any of the other analysed secondary
pharmacokinetic endpoints,

*» No clear association between the unbound fraction of liraglutide and hepatic group was seen. However, the group
of subjects with severe hepatic irapairment did not have a higher unbound fraction compared to the group of
subjects with normal hepatic function,

Safety Results

* Three adverse events were reporied. of which wo were treaimient emergent nausea and headache, experienced by
two different subjects in the moderate hepatic impairment gronp. These events were thought possibly or probably
related (o liraghutide administration and both subjects recovered within one day.

» No serious adverse eveits were reported.

* No safety coucerns were raised during the trial and liraglutide was well tolerated ai the dose given in all subjects.

Conclusions

* Equivalence with respect to AUC ...y was not demonstraied between the groups of severely hepatically impaired
and healthy subjects, with the exposure (o liraglutide being lower in the group of subjects with severe hepatic
impairment. Equivalence with respect to AUC..; was not demonstrated for the hepatic group comparisons
mild/normal or moderate/normal either.

¢ The group comparisons of subjects with severe, moderate and mild hepatic impairment versus healkhy subjects
were found to be equivalent with respect 1o hy (inverse ty.,) (severe/normal comparison had an estimated ratio of
L IR with a 90% confidence interval of [1.02, 1.36]. but not for any of the other analysed secondary
pharmacokinetic endpoints.

* No clear association between the unbound fraction of liraglutide and hepatic group was scen. The group of
subjects with severe hepatic impairment did not have a higher unbound fraction compared to the group of healthy
subjects.

*» Liraglutide was well tolerated in all hepatic groups and no safely concerns were raised.

+ Subjects with type 2 diabeies who also suffer from hepatic insufficiency should use standard treatment regimens
for liraglutide and be dosed according to their glveaemic control.,

The trial was conducted in accordance with the Declaration of Helsinki and ICH Good Clinical Prociice,

Sponsor’s Conclusions:

* Equivalence with respect to AUC,.,, was not demonstrated between the groups of
severely hepatically impaired subjects and healthy subjects (estimated ratio of 0.56 with a
90% confidence interval of [0.39, 0.81]), with hepatically impaired subjects having a
lower exposure to liraglutide.

* Equivalence with respect to AUC,., was not demonstrated between any of the other
groups of hepatically impaired subjects and healthy subjects either (estimated ratios and
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90% confidence intervals of 0.77 [0.53, 1.1 1] and 0.87 [0.60, 1.25] for mild/normal and
moderate/normal, respectively).

* The group comparisons of subjects with severe, moderate and mild hepatic impairment
versus healthy subjects were found to be equivalent with respect to Az (inverse 'tl/z)
(severe/normal comparison had an estimated ratio of 1.18 with a 90% confidence interval
of [1.02, 1.36], but not for any of the other analyzed secondary pharmacokinetic
endpoints.

Reviewer’s Comment:

Assay Performance

The plasma samples (480) were analyzed in 21 assay runs, accepted according to acceptance
criteria. Two assay runs were rejected due to QC-failure. 93 samples were re-analyzed due to
various causes. The inter-assay precision (coefficient of variation) of the quality control samples
ranged between 4.5 % and 15.5 %. The mean inaccuracies of the quality contro] samples ranged
between -11.2 % (n=12) and 8.3 % (n=30).

Study

The primary endpoint in Trial 1328 was AUCO0-w0 and the criteria for including a profile in the
updated analysis were: 1) minimum one sample <10 hours post-dose, 2) at least 3 out of 5
possible samples in the 20-60 hour post-dose period (sampling schedule: 20, 24, 36, 48 and 60
hours) and 3) acceptable number and scattering of samples. Of the 24 profiles available for re-
evaluation, 22 profiles were accepted for AUC analysis while 2 profiles were rejected. Mean
profile based on the updated dataset is presented below.
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Comparison between Hepatic Groups — Primary Endpoint — Trial 1328

Eepatic group

¥Mild/Normal Mcderate/Normal T Severe/Hormal
Original Analysis
5.77 G.87 6.56
.53 G.60 6.38
1.11% 1.25 5.81
BUC
Estimate 3.8%¢ G.58¢ 0.5%
Lower ©0% limit 6.57 G.¢0 0.4¢
Upper 90% limit 1.40C 1.25 0.85

Based on the revised analysis:

e Equivalence could not be demonstrated for any of the comparisons as none of the 90%
confidence intervals for the ratios were contained within the pre-specified [0.70; 1.43]
interval, which was in agreement with the original analysis results.

e The point estimates and confidence intervals obtained with the updated analysis were also
in agreement with the original analysis.
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4.2.14 Single-Dose PK Study in Healthy Japanese (NN2211-1326)

TITLE OF TRIAL

A randomised, double-blind, single-centre, placebo-controlled, ascending single s.c. dose. sequential group study fo
assess the safety. tolerability, phanmacokinetics and pharmacodynamics of liraglutide (NNC 90-1170) in healthy
Japanese male subjecis

INVESTIGATOR

Shin Irie, MD

Head of Kyushu Clinical Pharmacology Research Clinic

TRIAL SITE

Kyushu Clinical Pharmacology Research Clinic

13-16, Jigyo 2-chome, Chuo-ku, Fukuoka, 8100064, Japan

PUBLICATIONS

None

TRIAL PERIOD DEVELOPMENT PHASE

17 December 2002 (FSFV) to 28 March 2003 (LSLV) Phase |

OBJECTIVES

Primary: To assess the safety and tolerability after single s.c. doses of Hiraglutide from 2.5 to 17.5 pgikg, at

maximum, in healthy Japanese male subjects

Secondary:  To assess the pharmacokinetic (PK) profife after single s5.c. doses of liraglutide
To assess the effect of lraglutide on insulin, glucose and glucagon levels

METHODOLOGY .
This was a4 Phase 1, randomised, double-blind, placebo-controlied, ascending single-dose, sequential group study. Four
ascending dose levels were swdied in four dose groups of 8 subjects per group (active : placebo = 6 : 2 ratio). Subjects
received a single s.c. dose after breakfast. starting with the lowest dose 0f 2.5 pg/kg up 10 15 pg/ke, as the highest
planned dose of 17.5 ug/ke was not administered. All doses were administered subcutancously using a NovoPen™ 11
injection device. Subjects stayed in the study site from Day 0 to Day 4, 72 hours after the administration of liraglutide,
and returned for a post-trial visit 7-21 days afier Dav 1,
NUMBER OF SUBJECTS PLANNED AND ANALYSED
A to1al of 40 healthy Japanese male subjects, aged 2045 years and BMI of 18-27 were planned for enrolment in this
wrial, 8 subjects at each of the five dose levels. Altogether, 92 male healthy subjects were sereened. During the conduct
of this trial. since the results from the first four dose levels suggested that the 15 ugske dose was the maximun
tolerated single dose due to the occurrence of gastrointestinal adverse events, the 17.5 pg/kg dose group was
cancelled, thus, a total of 32 subjects were randomised and completed the trial. 60 subjects were only screened and not
enroled in the trial due to cancellation of the planned highest dose level of 17.5 pg/kg. These subjects were recorded
as screening failures in this trial. No replacements were required.
DIAGNOSIS AND MAIN CRITERIA FOR INCLUSION
Healthy Japanese male subjects, aged 20 to 45 years, with a BMI of 18-27 ke/m’”
TEST PRODUCT, DOSE AND MODE OF ADMINISTRATION, BATCH NUMBER
Liraghutide (NNC 90-1170) $ mg/mL solution, 1.5 mL Penfill® cariridge, s.c. administration
Batch No.: LLDP0OO?
DURATION OF TREATMENT
Singie dose administration.
REFERENCE THERAPY, DOSE AND MODE OF ADMINISTRATION, BATCH NUMBER
Matching placebo solution, 1.5 mL Penfill® cartridge, s.c. administration
Baich No.: LLDPOGS
CRITERIA FOR EVALUATION - PHARMACOKINETICS AND PHARMACODYNAMICS
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The concentration of plasma liraglutide was measured after a single dose over 72 hours. Liraglutide was determined
by a specific ELISA assay. From the concentration profiles the following PK endpoints were derived:
« Area under the plasma liraglutide curve from time 0 to infinity afier injection, AUC,...

o Maxinuum plasma liraglutide concentration, Cux

« Time to maxinum plasma liraghutide concentration, f,..

«» Terminal phase elimination rate-constan, A,

« Mean residence time, MRT

« Terminal elimination half-life, (3

« Apparent clearance, CL/F

« Apparent volume of distribution, V,/F

Pharmacodynamic evaluation comprised the following endpoinis:

» Average glucose level 11 hours after liraglutide administration, AUCq.(glucose) 11 hours

« Average ghucose level 11-24 hours after liraglutide administration, AUC ;. o(glucose)/13 hours

« Average glucose tevel 1] hours after liraglutide administration, AUC,. ;3 (insuliny/ 11 hours

« Average glucose fevel 11-24 hours afier liraghutide administration, AUC,, 3 (insulin}/13 hours

« Average glucose level 11 hours after liraghutide administration, AUC,.(glicagony/ 11 hours

» Average glucose level 11-24 hours after liraglutide adminiswration, AUC,..(glucagon )13 hours

CRITERIA FOR EVALUATION - SAFETY

Safety was addressed by the following primary endpoints:

+» Physical examination

» Body weight

« Vital signs (blood pressure and pulse raie}

« ECG

« Clinical laboratory assessments (haemaiology, biochemistry including FPG and urinalysis)
» Safety blood glucose at 3. 6, 9, 12 and approximately 72 hours post-dose

« Adverse events

STATISTICAL METHODS
Subject characteristics {age, height, weight, BMIL) and vital signs (pulse, blood pressure) were summarised by
descriptive siatistics including N (counts), mean, minimum, median, maximum and standard deviation (SD). The PK
(except t;» and CL/F) and pharmacodynamic {PD) parameters, and haematological and biochemical laboratory
puramciers were sununarised by descriptive statistics including N (counts), mean, minimuny, median, maximum and
SD. Additionally, geometric mean and geometric CV% were provided for PK parameters AUCs..., Cowe. MRT, CL/F,
V/F. 119, &, and for PD parameters. Urinalysis was given by frequency tables including counts (N) and percentages
2%). The PK endpoints AUC,.... Cygax: Ao MRT and V,/F were transforined using log transformation prior {0 the
statistical analysis. The remaining PK parameters were notiransformed. No statistical analysis of the PK endpoins.
112 and CLJF were carried out since all inference about ty.; and CL/F could be made from the inference about the
equivalent parameters &, and AUC. respectively. The model for the endpoints is as follows: The response for each
subject is the sum of an overall mean, a fixed dose effect (categorical variable) and a random exvor,
An analysis of variance { ANOVA) was carried out for PK parameters and estimated population means for each dose
level with corresponding 95% confidence intervals (CIs) were caleulated. The Cls for the log-transformed paramceters
were transformed back 1o get Cls on the original data scale. T,,,., was presented by descriptive statistics including N,
mean, niininnnn, median, maximum and standard deviation and no further analyses were performed. Dose
proportionality was addressed for the endpoinis AUC,... and Cyy and by performing a regression analysis of a log-
transformed parameter on Jog-transformed dose. An estmate of the slope of the regression line and corresponding
95% Cls were caleulated.
The statistical analysis of the PD endpoints was based upon average levels for glucagon, ghucose and for insulin. The
model for the PD endpoints is as follows: The response in each subject is the sum of an overall mean, a fixed dose
effect (catcgorical variable), a fixed group cffect. baseline as a covariaie and a random crror. The analysis was similar
as for the PK endpoints with log transformation prior to the statistical analysis. An analysis of covariance (ANCOVA}
was done.
For clinical laboralory parameters, the dose-response relationship for the change from baseline was separately
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investigated non-parametricatly by using the Jonckheere-Terpstra test (trend analysis).

Throughout the analyses a significance level of & two-sided 5% was used and no multiplicity adjustment was
performed.

DEMOGRAPHY OF TRIAL POPULATION

The subjects envolled were 20 1o 27 vears ofd (mean: 22.1 =1.7 vears), had a BM1 between 19.0 and 24.2 kg/m®
(mean: 21.1 =1.4 kean®) and were free of any significant concomitant disease.

PHARMACOKINETIC AND PHARMACODYNAMIC RESULTS

PHARMACOKINETICS
The PK parameters afier # single dose of liragduiide are summarised in the table below:
Dose Statistics  Chax Tinex AUGy..  hia CL/F V,/F P MRT
[ng/ke] {pmol/L]  [h] [h-pmol/L] {h] {Lihvke]  [Likg) [1/h] (b]
23 Mean 31290 751% 64,6052 1013 001070 0.1573 0.06865 19.32
SD 834.6 11.724.3 0.81 0.00183 0.0363 - 0.00504 1.94
5 Mean 48578 L0007 1342427 1103 001002 0.1590 0.06335  22.27
SD 720.6 14.563.8 LIS 0.00105 0.0175 (.00676 2.60
10 Mcan 12,267.3 10,00 2952480 1135 0.00961 0.1558 006135 2118
SD 26018 74.748.6 087  0.00281 (.0380 0.00497 2.9
13 Mean 183780 10.00° 4479400 1088 000921 0.1440 0.00402 21.23
SD 29379 83,1331 090 0.00181 (.0270 (.00327 294

“ Median

« Liraglutide was quantifiable from 0.3 to 72 hours after administration and was not quantified in any plasma sample
from placebo-dosed subjects.

« Absorption of liraglutide was slow and the maximum plasma concentrations were reached after 7.5 to 11 hours
(medians) across all dose groups.

« Liraglutide was cleared from plasma with a terminal elimination half-life of approximately 10 10 11 hours for ajl
dose groups.

« The lincar regression analysis was consisient with dose proportionality for the PK endpoints AUC,... and C,,.x. The
PK piurameters CLF, V/F. 152, &, and MRT were approximately constant over the dose range of 2.5 to 15 ng/kg
lraglatide.

PHARMACODYNAMICS

« For the 15 pgfkg dose group. reliabie PD data only from four out of six subjects were included in the analysis as the
remaining twe subjects consumed 2 very small evening meal due to Gl adverse cvents.

» On average, the releasc of insulin concentrations afier a meal stinnius, being served 11 hours after administration of

liraglutide, appeared 10 be atrenuated in particular afier the highest dose of 15 pg/kg. However. no sigaificant dose

effect was observed in the ANCOVA for the derived AUC .24 vatue for insulin, Also no significant effect was seen

for the plasma concentrations and the derived AU,y values during the fasting period from pre-dose until 11 hours

post-dose.

Atienuation in peak glucose concentrations afier the evening meal appeared to occur in a dose-dependent fashion.

This was supported by a significant dose effect in the ANCOVA carried out on AUC ;.. values for glucose. No

significant effects or tendency of difference were observed for the O [ I-hour fasting period, although the mean

glucose level appeared to be lower in the 13 pgskg dose group in comparison to the other treatment groups.

Suppressions in mean glucagon levels afier the evening meal were most pronounced in the 10 and 15 pp/kg dose

groups. The AUC ;.05 value for glucagon was significantly different for the different doses of liraglutide in the

ANCOVA, The results suggested a tendency of difference for a dose effect in the ANCOVA for AUC.;; values, as

plasma concentrations of the 10 and 15 ug/ke dose groups appeared to be markedly Jower during the 11-hour fasting

interval when compared to placebo or the lower dose eroups.

SAFETY RESULTS

« Ninc treatment-cmereent adverse events were reported from four (12.5%) out of 32 subijects during this study, two

3
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AEs in one subjects exposed to 2.5 ng/ke of liraghutide and seven AEs in three subjects exposed 0 15 pgikg of
liraghutide. All AEs were of mild severity and resolved with no remedial treatment. No subject was withdrawn due 1o
an AE and there were no fatal, serious or other clinicully relevant AEs.
Liraglutide was administered at doses of 2.5 to {5 pug/ke and was generally well tolerated over the dose range of 2.5
10 10 ugkg. Atthe 15 pgrka dose level. three of six subjects exposed to liraglnide reported gastrointestinal side
effects of mild severity, which comprised nausca and vomiting and were considered by the investigator 10 be
probably related to the wial product. Based on these results, the progression 10 the next higher dose level (17.5 ug/kg
ot placebo) was cancelled according o the recommendation given by the Trial Safety Review Group.
Total cholesterol and phosphate tended to decrease to a higher degree in liraghutide groups than placebo group; there
were statistically significant differences or a tendency of significant difference between the dose groups for the
chunges from Day 1 (baseline) to Day 4 and from bascline to Visit 3 (post trial). A decrease from Day 1 to Day 4
was secen for the parameters magnesium and albumin, whereby the changes appeared 1o be more pronounced with
incremenial dose. A tendency of statistically significant result for the changes in pH values over the tested dose
range at the Visit 3. For the other haematological, biochemical and urinary parameiers. there were no dose-
dependent changes over time over the dose tested suggested by the two-sided Jonckheere-Terpstra 1est. There were
no individual clinically significant abnormalities observed for any of the laboratory parameters assessed: no clinical
laboratory adverse event (CLAE) was reporied. Safety glucose assessments did not indicate hypo- or
hyperglycaenia.
« Vital signs (systolic and diastolic blood pressure, pulse rate) showed a tendency towards lower values during the first
§~12 hours after trial product administration. There were no dosc-related changes in vital signs assessed.
« There was no abnormal ECG evaluation in this study.
» The subjects” mean body weights tended to be slightly lower afier dosing. when compared to the corresponding
baseline values, without pointing (o dose- or treatment-related changes,

.

CONCLUSIONS

» In healthy Japanese subjects, liraglutide was generally well tolerated over the dose range of 2.5 10 10 pg/ke, but less
at the highest dose level of 15 ng/ke. where three of six subjects exposed to liraghatide reported gastrointestinal side
effects (nausea and vomiting) of mild severity. In conclusion, it was suggested that the maximum 1olerated single
dose in healthy Japanese male subjects might be 13 pgke. )

No subject was withdrawn due to an AE and there were no fatal, serious or other clinically relevant AEs. All AEs
resolved with no remedial treatment.

The 1o0tal cholesierol and phosphate tended to decrease 10 a higher degree in liraghnide groups than placebo groups
while no apparent dose-response relationships were seen. and a tendency of statistically significant result was seen
for the changes in some hacmatological, biochemistry and urinary parameters from baseline (Day 1) to Day 4 or
Visit 3 over the tested dose range including placebo, no major safety concerns were raised from clinical laboratory
ests.

There were no dose-related changes in vital signs and ECG evaluation.

Overall safety profiles were consistent with those from previous reports and no major safety concerns were raised
from this rial.

Absorption of liraglutide was slow and the maximum plasma concentrations were reached after 7.5 to 11 hours
(medians) across all dose groups, and cleared from plasma with a terminal elimination half-time of approximately 10
1o 11 hours for all dose groups. The linear regression analysis showed dose proporiionality for the PK endpoints
AUCs... and Coae. The PK parameters CLF, V7F, 4, &, and MRT were approximately constant over the dose range
- of 2.5 10 15 ng/kg of liraglutide,

Comparing with the data from previous trial (NN2211-1149), overall PK profiles in healthy Japanese subjects seem
{0 be comparable to those in healthy Caucasian subjects.

Key PD findings obtained from this trial was dose-depending attenvation of post-prandial glucose assessed by

AUC) 1.2 and there seemed 10 be only a small effeet of Hiraglutide on post-prandial ghwagon but seemingly litile
effect on post-prandial insulin in healthy subjects by a single dose of a dose range administered in this trial,
Pharmacodynamic profiles should be further investigated in Japanese subiects with type 2 diabetes.

-

*

The trial was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice.
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Mean (Arithmetic) Plasma Concentration-Time Profiles Following Single Dose of
Liraglutide
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Values of AUCo- Versus Dose of Liraglutide
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Reviewers Comments: The study assessments and conclusions appear reasonable.
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4.2.15 Multiple-Dose PK Study in Healthy Japanese (NN2211-1551)

TITLE OF TRIAL

A randomised, double-blind, single-centre, placebo-controlled. 2 1-day multiple s.¢. doses, dose cscalation study 1o
assess the safety. tolerability, pharmacokinetics and pharmacodynamics of Hraglutide (NNC 90-1170) in healthy
Japanesc male subjects

INVESTIGATOR(S)
Shin Iric, MD. PhD, head of Kvushu Clinical Pharmacology Research Clinic

TRIAL SITE(S)
Kyushu Clinical Pharmacology Research Clinic
13-16, Jigyo 2-chome, Chuo-ku, Fukuoka, 810-0064, Japan

PUBLICATIONS

Nong

TRIAL PERIOD DEVELOPMENT PHASE
1 {September 2003 1o 13 March 2004 Phase 1

OBJECTIVES

Primary objective:
To assess the safety and tolerability after multiple s.c. doses of liraglutide in healthy Japanese male subjects
Secondary objectives:
- To assess the pharmacokinetic profile after nultiple s.c. doses of liraglutide
- Toassess the effect of liraglutide on serum glucose level
- Toassess the effect of Hraglutide on calcium homeostasis {calciton, fonised caleinm (Ca™"), parathyroid
hormone (PTH), Viaming D and By, levels in serum and urinary calcium and phosphorus|

METHODOLOGY }

This was a single-centee, randomised within dose group. double-blind, placebo-conrolled, dose-escalation trial with
scquentially-ascending multiple s.c. doses of liraglutide at three dose levels in healthy Japanese male subjects.

In cach dose group, cight subjects were administered multiple s.e. doses; six subjects received liragiutide and two
subjects received placebo. In all three dose groups Hraghutide or placebo was injected once daily for 21 davs, One dose
group was with 5 ug/kg/day treatment for 21 days, and the second dose group was with 5 ug/kg/day for 7 days
followed by 10 ugke/day for 14 days. The third dose group, the highest dose group of liraglutide. was titrated from §
ug/kg/day 0 15 fekgiday using a weekly 5 ug/kg/day dose increase for 3 weeks. All s.c. doses were administered
with a NovoPen™ 11 injection device. Sereening ¢ Visit 1) was performed at 28 1o 3 days prior to Day 1 (first dosing)
of Visit 2; all subjects stayed at the trial site from Day -2 to post last dosing day (PLDD} 3, i.e. for a 26-day period.
They returned for s follow-up visit (Visit 3) 7 10 21 days after the fast dose of the wial product,

NUMBER OF SUBJECTS PLANNED AND ANALYSED

Number of subjects planned: 24 subjects. 8 per dose group (six on hms.luudL two on placebo)
Number of subjects screened: 62

Number of subjects randomised: 24

Number of subjects exposed: 24

Number of subjects completed and analysed: 24

Number of withdrawals: 0

DIAQNOS!S AND MAIN CRITERIA FOR INCLUSION
Healthy Japanese male subjects. aged 20 10 45 vears, with a body mass index (BMD) of between 18 and 27 ke
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TEST PRODUCT. DOSE AND MODE OF ADMINISTRATION, BATCH NUMBER
Test product: Liraglutide 5 mgAnL solution, 1.5 mL Penfill® cartridge
Doses:
Dose-group 1: s ug/ke body weight for 21 days, once daily
Dose-group 2: ug’ke body weight for 7 days + 10 paske body weigl for 14 days. both once daily
Dose-group 3: 5 ug/ke body weight for 7 days + 10 ug/kg body weight for 7 days + 13 ngike body
weight for 7 days. all once daily
Mode of administration:  s.c. administration into a lifted skin fold of the abdominal wall on a line between the
umbilicus and the anterior superior iliac spine
Batch No.: LLDPOOT

N

wh

A1

L]

DURATION OF TREATMENT
In all three dose groups liraglutide or placebo was injected once daily for 21 days.

REFERENCE THERAPY, DOSE AND MODE OF ADMINISTRATION, BATCH NUMBER

Test product: Placebo (liraghtide [TNN: NNC 90-1170] vehicle) solution 1.5 mL Penfili” cartridge
Doses: Calculated matching clicks as liraglutide treatment in cach dose group

Mode of administration;  s.c. administration into a lifted skin fold of the abdominal wall on a line between the
umbiticus and the anterior superior iliac spine
Baich No.: LLDP0OOS

CRITERIA FOR EVALUATION ~ PHARMACOKINETICS & PHARMACODYNAMICS

Pharmacokinetic (PK) endpeints derived from 72-hour plasma liraghatide profile:
AUCq..4 (last dosing day), Cyu (hast dosing day), Ly (last dosing day), Crenn from Day 2 to the day before last
dosinyg. dose-corrected R, [dose-corrected ratios of AUCy.; (lust dosing day )/ AUC.q (last dosing day), AUCsu
(last dosing dayYAUCy 2 (Day 1. Cpe (Tast dosing day¥Cos (Day D], Az MRT, .2, CLF. VZ/F (all afier last
dosing)

Pharmacodynamic (PD) endpoints derived from 24-hour serum glucose profile on Day -1 (bascline) and last dosing
day:
AUCa 4 (2lucase) 16h. AUC,.qn, (glucose)’ 240, AUC 001500 (glucose)f6h, incremental AUC, 4, {glucose)

CRITERIA FOR EVALUATION - SAFETY
Adverse evenis (AEs). Clinical laboratory assessments (hacmatology. biochemistry including lipids, fasting plasma
glucose [FPG] and urinalyses). Urinary volume and clectrolyte cxcretion. Vitanins D and By, in serum. Antibodies

against Hraglutide. Body weight, Vital signs (blood pressure and pulse). electrocardiogram (ECG), 24-hour profiles of

calcitonin, Ca*” and PTH., Glucose monitoring,

STATISTICAL METHODS

Pharmacokinetics: Descriptive statistics were presented for the PK endpoints except for b, which included: N,
mean, geometric mean, min, median, max, SD. geometric CV%. For b only N, mean, min, median. max and SD
were presented. Individual plasma liragiutide PK endpoints were Jisted by active dose and subject number. i.e.

excluding placebo-treated subjecis. All PK endpoints except e and G wWere presented as scatter plots of endpoint
versus dose. The PK endpoints AUCq.2a, {last dosing day). C,.c (tast dosing day). Cyeuen (only Days 7. 14 and 21). R,

2. MRT and V/F were transformed using a log ansformation prior to statistical modeling. The remaining PK
endpoints were not analysed further. The mode! for the endpoints could be stated as follows: the response for cach
subject is the sum of an overall mean. a fixed dose effect and a random measurement error. An analysis of variance,

following the above-mentioned modet, was carried out and estimated population means {least square means) for cach

dosc level with corresponding 95% confidence intervals (Cls) were calculated. The Cls for the log-transformed

variables were tramsformed back to get Cls on the original data scale. Contrasts on the log scale were calculated using

the lowest dose as the reference point, corresponding to raies on the original scale.

Pharmacodynamics: Descriptive statistics were presented for the PD endpoints, which included: N, mean, geometric

mean, min, median, max, SD. geometric CV%, Individual endpoints were listed by active dose and subject number.
Furthermore, scatter plots of PD endpoints {AUC.qq, {ziucose)/ 16h. AUC,z4, (glucose)/24h and

AUC 3 461113 (glucose)/6h] versus PK endpoint [AUC,.0q (last dosing day)] or logarithm of PD endpoints versus

logarithin of PX, endpoint were shown for all subjects except subjects who were treated with placebo, The statistical
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modelling of PD endpoints except FPG was similar to the one described for the PK endpomts. The endpoints were log
transformed prior to the statistical analysis and estimation of contrasts with placcbo treatmient as reference was made.
Model for the PD endpoints: the response in each subject is the sum of an overall mean, a fixed dose cffect, a fixed
eroup effect, baseline as a covariate and a random crror. The corresponding PD parameters on Day -1 (baseline) were
used as covarfates in the statistical analysis. No statistical analysis of FPG was performed.

Safetyv: All AEs were listed by subject. including demographic information, treagment group. date and time of onset,
outcome, date and time of outcome, severity, changes 1o the trial product due 1o AE, relation to the trial product,
Medical Dictionary for Regulatory Activities (MedDRA) system organ clags (SOC). MedDRA preferred tenn (PT).
fowest fevel termy (LLT) and term reporied by the Investigator. Laboratory assessments, urinary pH, urinary volume,
urinary eiectrolytes, serum vitamins D and By, vital sings. body weizht and ECG were summarised descriptively by
treaiment group. Antibodies against hraglutide were summarised as frequency table. Sixteen- and 24-hour average
levels derived from 24-hour profiles of serum calcitonin, Ca®™ and PTH were analysed in the same way as PD
endpoints.

Liraglutide was detected in plasma samples from Subject 02 on Days 10 to 16, although this subject was randomised
to receive placebo. Therefore, an additional statistical analysis for PD and safety endpoints was performed without
data from Subject 112 for gssessments after the time of dosing on Day 9,

DEMOGRAPHY OF TRIAL POPULATION

A toral of 24 healthy Japanese male subjects entered the study. They were on average 24.7 (£2.1) years old. had a BMI
0f 21.23 (21 95) kg/my’, with a weight of 63.47 (£5.76) kg and a height of 1.729 (+0.048) m. There was no relevant
difference in the demographic data between the different dose groups.

Pescriptive Statistics of Demographics

N Age [years] Height [m] Weight {kg} BMI {kg/m?]
Placebo 6 23823 1.723 (65.038) G3.42 ¢5.80) 22072313
Constant-dose 6 25.52.0) 1.767 (0.040) 6418 (6.85) 20.52 (1.70)
Exscalation 1 ) 247414 L7027 60.62 {(4.45) 20.75 2.08)
Escalation 2 6 248 2.6) 1717 (0.067) 63.67(6.11) 21.60¢1.77)

PHARMACOKINETIC & PHRMACODYNAMIC RESULTS

» Liraglutide was measurable in plasina from all liraglutide treated subjects and quantifiable from 1 o 24 hours on
Day 1 and from 0 (0 72 hours following the Iast dosing on Day 21, In addition, liraglutide was quantifiable in all
irough plasma samples during the treatment period.

» Liraghstide was detected in the plasma from Subject 02 on Days 10 to 16, although this subject was randomised 0

receive placebo. It is suspecied that liraglutide was administered to the subject once on Day 9 by mistake.

Conllast dosing day) and AUC,,,(Jast dosing day) increased proportionally to the dose administered.

T 112, MRT, CL/F and V/F were approximately constant within the dose range of 5 to 15 pg’ke/day.

R,.s were calculated 1o 1.4—1.6 within the dose range of 510 15 ug

The glucose profiles over time reflecied the meal-related alierations in this healthy population.

Compared to a 24-hour baseline profile of serum glucose on Day —1. the meal-induced increases in glucose levels

after the three-week liraglutide treatment were reduced without any apparent differences for the three liraglutide

freatment groups.

» In the ANCOVA, the liraglutide treatment effect was found in the AUCs of glucose levels compared 1o placebo. A
9-16% difference in derived endpoints of liraglatide 3 ug/kg and {5 pg/kg treatment groups was obtained, while
the analysis did not reveal any significant difference for the 10 pgikg treatment group. The variability of data was
high.

* % ¢ & @

SAFETY RESULTS

» Three TEAEs of mild severity were reported by two subjects during the study. Two TEAEs (rash and alanine
aminotransferasc increased) occurred in placebo ireatmem group. onc TEAE (nasopharyngitis) was reported by a
subject treated with a constant dose of liraglulide. No AE was observed in the two dose escalation groups. No

NDA 22-341 (Liraglutide} OCP Review 229



serious and no significant AE occurred. None of the subjects was withdrawn due 10 an AE and no rescue
medication was necessary, :

» There was no treatment- or dose-related change in safety laboratory parameters, except for an approximately 12
18% decrease in 1otal cholesterol concentrations compared 1o bascline across all treatments.

There was no apparent effect of liraglntide on vital signs across all treatment regimens including placebo.
All subjects showed a normal 12-lead ECG during the trial.

» There was no relevant change in body weight during the 21-day treatment regimen with liraglatide compared to
placebo.

« The only calcium related finding that was observed in this study was a tendency towards a lowering in PTH fevels.
However, this was not accompanied by changes in calcium or phosphorus excretion in the urine, nor consistent
changes in Ca™ levels, suggesting limited significance of the finding.

+ Vitamins D and B, levels did not show any systematic trend during this trial for any treatment.

Assessment of urine volume and urinary elecirolyte excretion did not reveal any relevant change during the 2 1-day
wreatment with liraglutide compared to placebo.

s No liraglutide antibodies were detected in the serum of any subject.

CONCLUSIONS

Safety

» In this study in 24 healthy Japanese male subjects, a constant-dose of 5 ug/kg and stepwise escalated doses of 10
and 15 pg/ke as a three-week treatment regimen were well tolerated.

» Three TEAEs of mild severity were reported by two subjects during the study. Two TEAESs (rash and alanine
aminotransferase increased) occurred in placebo treatment group, one TEAE (nasopharyngitis) was reported by a
subject treated with a constant dose of Hraghutide. No AE was observed in the two dose escalation groups. No
serious and no significant AE occurred. None of the subjects was withdrawn due 10 an AE and no rescue
medication was necessary. )

» There was no treatment- or dose-related change in safety laboratory parameters, except for an approximately 12—
18% decrease in total cholesterol concentrations compared to bascline across all reatments.,

+ The only calcium related finding that was observed in this study was a tendency towards a lowering in PTH levels.
However, this was not accompanied by changes in calcium or phosphorus excretion in urine, or consistent changes
in Ca™ levels, suggesting limited significance of the finding.

» The three-week liraglutide treatment did not reveal any clinically relevant impact on vital signs data. 12-lead ECG.
vitamins D and By, levels, as well as urine vohume and urinary electrolyte excretion data compared to placebo.

» No antibodies against Hraglutide were deiected in the serum of any subject.

Pharmacokinetics

» . Cous and AUC increased proportionally to the dose administered.

* Toox L. CLF, V/F and MRT were approximately constant over the dose range of 3 10 15 pg/kgiday.

s R, were calculated 1o 1.4-1.6 within the dose range of 5 10 135 pgfkg/day.

Pharmacodynamics

» Compared 10 a 24-h baseline profile of serum glucose on Day ~1, the meal-induced increases in glucose levels after
the three-weck liraghutide treatment were reduced without any apparent differences for the three liraglutide
treatment groups.

» Inthe ANCOVA, a 9-16% difference in derived glucose endpoints of liraglutide 3 pg/ke and 135 ug/kg weatment
eraups compared to placebo was obtained. while the analysis did not reveal any significant difference for the
firnghutide 10 ga/kg treatment group compared to placebo.

The trial was conducied in accordance with the Declaration of Helsinki and Good Clinical Practice,
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Reviewers Comments: The study assessments and conclusions appear reasonable.
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4.2.16 Multiple-Dose PKPD Study in Type 2 Japanese (NN2211-1591)

TITLE OF TRIAL

A randomised, double-blind within dose group, single-centre, placebo controlled, paralie] 2-different dose group, 14-
day multiple s.c. doses study 1o assess the salety, pharmacokinetics and pharmacodynamies of Hraglatide (NNC 99-
1170} in subjects with type 2 diabetes

INVESTIGATOR

Shin Irie, MD, PhD, Head of Kyushu Clinical Pharmacology Research Clinie

TRIAL SITE

Kyushu Clinical Pharmacology Research Clinic, 13-16, Jigyo 2-chome. Fukuoka, 810-0064, Japan

PUBLICATIONS

None
TRIAL PERIOD DEVELOPMENT PHASE
03 December 2003 (FSFV) - & March 2004 (1LSLV) Phase 1

OBIECTIVES

Primary objective: .

» To assess the safety after 14-day multiple s.c. doses of liraglutide in Japanese subjects with 1ype 2 diabetes, and
compare the safety at doses 5 pg/kg and 10 padke,

Secondary objectives:

* To assess the pharmacokinetic (PK) profile after multiple s.c. doses of liraglutide in Japanese subjects with type 2
dinbetes.

* To assess the effect of liraglutide on serum insulin and plasma ghucose levels.

METHODOLOGY

This was a single-ventre, randomised. double-blind within dose group, placebo-controlled, multiple-dose (s.¢.),

parallel-group trial in Japanese subjects with type 2 diabeies. The constant-dose group received Sug/kg for two

weeks, whereas the dose-esealation group received $ pgikg for the first week and 10 pg/ky for the second week.

Within each dose group, six subjects received liraghutide and two subjects received placebo (ratio of active : placebo

=6:2). All doses were administered using a NovoPen® I11 injection device. Subjects stayed in the trial site from

Day -3 to post last dosing day (PLDD) 3, 1.2, 72 hours after the last administration of NNC 90-1170 and rewened for

a follow-up visit 7-31 days after last dusing.

NUMBER OF SUBJECTS PLANNED AND ANALYSED

Number of subjects planned: 16 subjects, 8 per treatment group
Number of subjects screened: 17
Number of subjects randomised: 16
Number of subjects exposed: ]

{One subject withdrew for private reasons after randomisation before any exposure to trial product)

Number of subjects completed and analysed: 15 (constant-dose: 6, dose-escalation: 5, placebo: 4 subjects)
Number of withdrawals: 1

DIAGNOSIS AND MAIN CRITERIA FOR INCLUSION

Japanese male and female subjects with type 2 diabetes, aged 20 to 64 years, with a body mass index of > 18.5 and
< 30.0 ke/m?, and with DA, - 0f 6.0 10 9.0%.

TEST PRODUCT, DOSE AND MODE OF ADMINISTRATION, BATCH NUMBER

Test product: Liragluatide (NNC 90-1170) 5 mg/mL. solution, 1.5 mi, Penfill” cartridge, Batch No.: LLDPOOT
Doses: Constant-dose group: 3 pg/kg body weight once daily

Daose-escalation group: 3 ng/kg for seven days followed by 10 pgike body weiglit, both periods once daily

Mode of administration: s.c. administration into a lifted skin fold of the abdominal wall on a line between umbilicus
and the anterior superior tliac spine
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DURATION QF TREATMENT
14 consecutive days.

REFERENCE THERAPY, DOSE AND MODE OF ADMINISTRATION, BATCH NUMBER

Test product: Placebo (liraglutide vehicle) solution 1.5 mE Penfill® cartridge, Bateh No.: LLDP00S

Doses: Caleulated number of clicks to match the 5 or 10 pg/ke doses.

Mode of administration: s.c. administration into a lifted skin fold of the abdominal wall on a line between mmbilicus
and the anterior superior iliac sping

CRITERIA FOR EVALUATION -~ PHARMACOKINETICS AND PHARMACODYNAMICS

Phannacokinetic (PK) variables: Plasma level of liraglutide for 24 hour after the first dosing (Day 1) and for 72 hours
after the last dosing (Day 14).

Pharmacodynamic (P variables: Serum insulin and plasma glucose Jevels for 24 hours at baseline (Day -1) and
after the last dosing (Day 14), fasting plasma ghucose (FPG) from Day -1 through post-ast-dosing-day (PLDDj 3.

CRITERIA FOR EVALUATION - SAFETY

Physical examination, body weight, vital signs (blood pressure and pulse rate), ECG, clinicat laboratory assessment
{haematology and biochemistry including FPG). glucose monitoring and adverse events (AEs), vitamins I and B,
liraglutide antibody, calcitonin, onised caletum, parathyroid hormone (PTH). urinary volume, electrolvie excretion

STATISTICAL METHODS

PK and PD endpoints:

PK endpoints derived from liraglutide proi:lu Were Chus, s boax, s A AUCo 240 o Dy 14); Cray, from Day 2 o the
day of Jast dosing day; R,., such as dose-corrected ratio of AUC) 5/ AUCyoq {Day 14), AUC2u (Day HMYAUCoanm
(Day 13, Cone Day 18V Cos (Day 1% Az, o, MRT, CLF = Dose/AUCqq, Day 14) and Vo JF after last dosing on
Day 14; V, JF=(CLFY,

PD evaluation comprised 01 the following endpoiats:

AUC,. 1 (insulin)? 16 hours: AUCqaq, (insulin)?24 hours: [AUCy, (insulin+AUC g, (insaliny+AUC, 5y, (insulin)y
6 hows; incremental AUCGnsuling {AUC L, aaie 113n); AUCo 6 (glucose)/ 16 hours; AUC a4 (glucose)/24 hours;
[AU (glucoseFAUC g, (glucoseFAUC, Ly (glucose) )6 hours: incremental AUC{glucose) (AUC .z, 100 11
s30); FPG

Pharmacokineties: The statistical analysis for the PK endpoints was based on summary statistics, which, except for
Lo MRCluded: N, mean, geometric mean. min, median, max, SD, geometric CV%. For t. only N, mean, nun,
median. max, and SD were presented. Individual plasma Hraghutide PK endpoints were hsted by active dose and
subject number, i.e. excluding placebo-treated subjects, as an End-of-Text selected listing. All PK endpoints were
presented as scatter plots of endpoint versus dose. The PK endpoints AUC)2n,. Cunse Cranghe R A MRT and V¥
were transformed using a log transtormation prior to statisical modelling. The remaining PK endpoints were not
analysed further. The model for the eudpoints could be stated as follows: The response Tor each subject 1s the sum of
an overall mean, a fixed dose effect and a random measurement error. An analysis of variance, following the above-
meniioned model, was carried out and estimated population means (least square means) for each dose level with
corresponding 93% confidence intervals (CIs) were caleulated. The Cls for the log-transformed variables were
wransformed back w get Cls on the original data scale. Contrasts on the log scale were caleulated using the lowest
dose as the reference poim, corresponding to rates on the original scale. .

Pharmacodynamics: The statistical analysis for the PI) endpoints was based on stmmary statistics, which included:
N, mean. geomelric mean, min, median, max, $D. geometric CV%. Individual endpoints were listed by active dose
and subject number as an End-of-Text selected listing. Purthermore, scatter plots of PD endpoints JAUC,.14/16 hours,
AUCh. 9724 hours and {AUC 5, AUC, g AUC 1136 hours for serum insubin and plasma glucose] versus PK.
endpoint {AUC,.04, (Jast dosing day)] or logarithm of PI) endpoints versus fogarithm of PK endpoint were shown for
all subjects.

The statistical modelling of PD endpoints except FPG was similar to the one described for the PK endpoints. The
endpoints were log transformed prior to the statistical analysis and estimation of contrasts with placebo treatment as
reference was made. Model for the PD endpomts: The response in each subject was the sum of an overall mean. o
fixed dose effect, a fixed group effect, baseline as a covariate and a random error. The corresponding PD parameters

on Dav =1 (baseline) were used as covariates in the statistical analysis. No statistical analysis of FPG was performed,
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Safety: Adverse events with a date of onsel preceding the date of the first administration of study drug that resolved
before that day or that continued into the treatment phase without waorsening in terms of tensity andfor relationship
to study medication was considered as non-treatment emergent adverse events (non-TEAE). All other adverse events

EAE).

were considered and reported as treatment emergent adverse events (T

Adverse events were summarised by dose group. MedDRA (The Medical Dictionary for Regulatory Activities)
system organ ¢lass and preferred term. severity and relation to trial product. and described by summary statistics:
number of subjects with event, percent exposed subjects with event, and number of events. Haematology and
biochemistry data, serum vitamins 1) and By,, urinary electrolytes and volume, ECG, vital signs, body weight and
antibody against liraglutide were summarised by dose group and visittime, and deseribed summary statistics.

Sixteen- and 24-hour average levels derived from 24-hour profilex of serum calcitonin, Ca™ and PTH were analysed

in the same way as PK and PD endpoints,

DEMOGRAPHY OF TRIAL POPULATION
Alogether, nine male and six fomale Japanese subjests with type 2 diabetes were included into the treatment phase of
the study. The following table shows the deseriptive statist

Descriptive statisties of the study population. Mean {(SD)

s of the weated sabjects.

Age [vears]

Height fem]

Weight {kg}

Body Mass Index [ke/m’]

S7.00(6.12)

161.5(9.8)

64.23 (10.73)

24.50 (2.87)

57.00 (6.39)
5400 (7.25)
60.75 (171

162.7(7.8)
1654 (9.4)
155.0 (11.8)

6737 (859)
64.00 (12.24)
59.83 (13.07)

2535 (1.57)
2320 2.57)
24.85 (4.58)

N
Total 15
Constamt dose 6
Dose escalation 5
Placebo
Male 9
Female 6

5733 (6.36)

56.50 (6.28)

167.4(4.2)
152.77¢9.0)

69.94 ( 6.44)
55.67 (16.51)

24.99 (2.68
2377 (3.24)

PHARMACOKINE

TIC AND PHARMACODYNAMIC RESULTS

In Japanese subjects with type 2 diabetes mellitus, dose escalation to 10 ya/ke showed a dose dependent increase
in liraghutide AUCs and Cpag values compared with the constant 5 pg/kg group.
Absorption rate, as indicated by a t,,, of 9 — 12 hours. and elimination rate with a £ of around 14 hours closely
resembled previous PK results,
The accumulation ratios Day 14/Day 1 for AUC and C e of approximately 1.6 to 1.8 were consistent with

climination kinetics and did not show relevant differences between the two liraglutide treatment groups. Three

dose-corrected accumulation ratios (Rye), AUCqr

were comparable in the two tiraglotide treatiment groups.
Liraghutide plasima concentrations generally showed a long plateau phase with small within-individual changes

between at keast eight and 16 hours post-dose.

UC;).:J!L i :‘\1}(:'0_24!1. ;J;‘\_UC,}_WL Day ¥ and Cumx, %/'Cma& Py s

For both liraglutide treatment groups a decrease in FPG concentrations from baseline during the 14 days of
treatment was found, which seemed different from that in placebo group.

In both Jiraghutide treatment groups, the postprandial plasma glucose curve was generally shifted one hour earlier
after 14-day treatment, compared to baseline and placebo group.

Three average plasma glucose level endpomts, AUCy;4/16, AUCq4/24 and AUC 55 4.6011.13/6 (corresponding to
after breakfast, hunch and dinner), in the two liraglutide weatment groups were statistically significantly lower than

the placebo group. while no significant difference was observed in the ineremental AUC,
Three average serwm nsulin level endpoints, AUCa10/16. AUCu207/24 and AUC L sep6001.1300/0 Were statistically

significantly higher in the dose-escalation group. but not in the constant-dose group compared with placebe group.
g6k, 10036 TOr serum insulin in the dose-escalation group was approximately twice to three

The meremental AUC

times as hieh as in the constani-dose group, though statistically significant results were not found.
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SAFETY RE
« Qverall six AEs were reported by four subjects during the study, with three of these six AE

as TEAEs oceurring
in three subjects in the active treatinent groups: one {constipation) in the constant-dose group and two (constipation
and a skin depigmentation in the face) in the dose-escalation group. The skin depigmentation in the face was
considered unlikely related o lraglutide, The two constipations were considered related to treatment with
liraghutide. These symptoms were both of mild severity and lasted for approximately one and three days,
respectively. Tn both cases magnesium oxide was given as rescue treatment. No serious AL occurred; none of the
subjects were withdrawn due to an AL
No vomiting or nausea was reported either in the constant-dose group or in dose-escalation group.

Except for reduced to1al cholesterel and FPG concentrations, both treatment regimens showed no changes in
routine laboratory parameters of hacmatology and biochemistry from baseline 1o post-last-dosing day 1 (PLDD 1).

* Total cholesterol levels were reduced by approximately 20% on PLDD 1 from the baseline in both liraghutide
reatment groups, which seems to be different from the change. in the placebo group. However, there were no
differences between the two livaghutide treatment groups.

o There was no apparent influence of liraglutide on SBP and DBP during the 14-day treatment in both dose
regimens; however, the pulse rate was elevated in the higher dose period with 10 pe/kg (second week) compared
with the lower dose (first week) in dose-escalation group,

» Normal ECG findmgs were recorded for all subjects at each assessment afier screening.

» Body weight was generaily reduced during 14-day weatiment period in both in the two liraglutide weatment groups
and the placebo group. No clear differences were seen among the treatment groups.

o There were no significant differences in either serum caleitonin or ionised caleium, While there was a tendency
towards @ lowering in the lraglotide treatment groups for PTH. there was not statistically significant difference
between treatments for both AUCy 1/ 16 and AUC, 24424, A borderline significant weatment effect was found for
AUC.20,724, carried by the dose-escalation group where a significant lower level of PTH was seen.

» Vitamins D and By, showed normal values from Day —1 to PLDD 1 for all subjects in all treatment groups. No
differences between the two liraglutide treatment groups and placebo group were observed.

* A fendency towards a minor increase in urinary volume was seen in the two liraghutide treatment groups while
urinary volume was slightly decreased in placebo group. No clinically significant changes m urinary caleivm and
phosphors excretion were observed.

s None of the subjects developed hivaglutide antibodies.

CONCLUSIONS

» Overall, 14-day ueatment of liraglutide at doses of 5 and 10 pg/kg was sale and well tolerated in Japanese type 2
diabetic subjects,

o No vomiting or nausea were reported in the dose titration design with the imitial low dose of 5
merement of 5 pgiky in subjects with type 2 diabetes.

» The only calchum related finding that was observed m this study was a tendeney towards a lowering in PTH levels.
However, this was not accompanied by changes in calciom or phosphorous excretion in the urine, or consistent
changes in fonised caleium levels, suggesting limited significance of the finding.

* Dose escalation from 5 10 10 ugska showed a dose dependent increase in hraglutide AUCs and Cypq values, A f00
of 9 — 12 hours and 1 ty» of around 14 hours closely resembled previous PK results,

+ The accumulation ratios Day 14/Day 1 for AUC and Cy of approximately 1.6 to 1.8 were consistent with
elimination kinetics and did not show relevant differences between the two dose groups. The three dose-corrected
accunmulation ratios (R,.) were comparable in the two hragluirle treatment groups,

* The jong plateau concentrations with smull within-individual changes at least between eight and 16 hours post-
dose may be supportive for evening dosing, in order (o achieve more promiment reduction on meal-induced
mereases in ghicose concentrations during the main meal times.

» Liragluide provided significant 24-hour glycaemic control and a decrease in FPG. The postprandial plasma
glucose curve was generally shifted one hour earlier after 14-day treatment. Average meal-related glucose level
was decreased, though meal-related increment in glicose was not different from placebo.

+ Liraglutide significantly increased 24-hour serum insulin in dose-escalation group. Meakrelated insulin secretion
also icreased, though the difference was not statistically significant from placebo.

5 ug/kg and a weekly
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Summary of PK Parameters Day 14:

Parameter Statistics Constant-dose group (N=6)  Dosc-escalation group (N=5)

[ A Median 2.0 12.0
k] MinSuax
Coax s Arith. mean 61133 132024
{pmoliL} SD ) 1062.9 4438.3
Cirough Day 7 Arith. mean 3618.7 40835.4
{pmol/L} SD 11182 820.0
Crough Day 14 Arith. mean 3636.8 8190.0
[pmolL] sD 561.1 17162
AUC . 5 Arith. mean 1190248 237346.2
{lrpmolid.] sb 269782 63093.7
AUC Arith. mean 188838.8 394005.8
[lpmoll.] sD ’ 444345 1002214
tin Geom. mean 13.92 14.44
{h] CV% 11.45 12.88
MRT Arith. mean 25.67 27.78
{h} SD 1.97 4.1l
CL/F Arnth. mean 0.928 0.682
{LA) sh 0.341 0.353
Vo o/F Arith. mean 18.93 14.65
L] D 735 7.98
AUCyr JAUC k200 5 Anth. mean 1.387 1.670
N ) 0.074 0.169
AUC 24 ! AUCo 20, pay s Arnth. mean 1.777 1.798
5D 0.521 0.409
Cinas, »/Cmax. Day 1 Arith. mean 15373 1.698
MY {).360 0.274

Sponsor’s Summary of findings:

Cmax, ss and AUCO0-24h, ss values of liraglutide exposure on Day 14 dose-proportionally
increased with an increase of dose from 5 pg/kg to 10 pg/kg. All observed values of Cmax, ss in
the dose-escalation group were higher than those in the constant-dose group. Median tmax, ss of
9 hours in the 5 pg/kg constant-dose group was achieved 3 hours earlier than in the 10 pg/kg dose
escalation group.

In accordance with the slightly higher dose-related AUC in the dose-escalation group, both CL/F
and the apparent volume of distribution, Vd, ss/F were somewhat lower compared with the
constant dose. group. Elimination kinetics did not differ between the two groups and was
characterized by an average elimination half-life of approximately 14 hours. The mean dose-
corrected accumulation ratio of the last dosing day of approximately 1.6 was also similar between
the two dose groups and well corresponded with the elimination half-life.

Reviewer’s Comments: The study assessments and conclusions appear reasonable.
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4.3 PHARMACOMETRICS REVIEW
OFFICE OF CLINICAL PHARMACOLOGY:
PHARMACOMETRIC REVIEW

1 SUMMARY OF FINDINGS

1.1 Key Review Questions
The purpose of this review is to address the following key questions.

1.1.1 What is the exposure-response relationship for liraglutide in type 2 diabetic
patient population?

The change in HbAlc versus time profile from Phase 3 study showed that the maximal

mean reduction in HbA 1c from baseline is achieved by week 12 (Figure 1), thus allowing

the comparison of week 12 data among Phase 3 and Phase 2 monotherapy trial, the latter

were of 12 to 14-weeks duration.

Figure 1. Time course-of change from baseline in HbAlc from the 52-week Phase 3
confirmatory trial (1573)

0.0 '\ Trial 1573

\S
"

AN

LSMeans for Change in HbA1c (%)

0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52
Weeks
s®®iragiutide 1.2 mg  #=Lliraglutide 1.8 mg  &#4 Active Comparator

Graphically, the response with 0.6 mg was in reasonable proximity to half-the maximal
response (Figure 2). Graphical analysis of pooled dose-response data from Phase 2 and
Phase 3 studies showed that the liraglutide treatment is associated with a dose dependent
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reduction in HbAlc from baseline (see Figure 2). The maximal effect is achieved at 1.2
mg dose with a numerical advantage of 1.8 mg over 1.2 mg with regards to maximal
HbA Ic reduction.

Figure 2. Dose dependent increase in effectiveness of liraglutide based on
Mean(+SE) %change from baseline in HbAlc from 12-week Phase 2 trial (1310), 14-
week Phase 2 trial (1571), and 12-week data from the 52-week Phase 3 confirmatory
" trial (1573) '

10 -
¢ Phase 2 12-week Data (1310)
Phase 2 14-week Data (1571)
® Phase 3 12-week Data (1573)
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Further the graphical evaluation of exposure-response data revealed that %change from
baseline in HbAlc decreased with increasing liraglutide concentration (see Figure 3).
There was a considerable overlap in the exposures for 1.2 mg and 1.8 mg doses.
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Figure 3. Concentration-Response relationship of liraglutide in (a) Phase 2
exploratory (1571) trial and Phase 3 confirmatory (1573) trial PK/PD data

(a) Mean(SE) %change in HbAlc from baseline | (b) Mean(SE) %change in HbAlc from baseline
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The exploratory PK/PD analysis using fasting plasma glucose (FPG) data from Trial
1571 also revealed that the liraglutide concentrations resulting from the doses 0.6 mg and
above exceeded the predicted ECsy value of ~4 nmol/L estimated from the analysis of
liraglutide-FPG relationship. This was consistent with the graphical analysis of dose-
response and exposure-response presented above.

1.1.2 What is the liraglutide dose or exposure-calcitonin relationship (safety) with
regards to effects on Thyroid C-cells in type 2 diabetic patient population?

The mean Calcitonin versus time profile from Phase 3 monotherapy trial showed that
there was a gradual increase in Calcitonin for liraglutide and active comparator.
However, among the liraglutide treatment arms, dose-response was not consistent at all
the time points. Although in general mean Calcitonin levels appeared to be higher for 1.8
mg dose in comparison to 1.2 mg dose, there was considerable overlap in 95% CI at all
time points (Figure 4). Further, the add-on to metformin trial (Study 1572) also did not
reveal a consistent increase in calcitonin levels and dose levels of 0.6, 1.2 and 1.8 mg
were indistinguishable with regards to the serum Calcitonin levels at all the time points
(see Appendix 5.3).
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Figure 4. Time course of Calcitonin from the 52-week Phase 3 confirmatory trial
(1573)

Mean TimeQCourse of Calcitonin in Study 1573
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[Note: The LS mean estimates are from a repeated measurements analysis for normal censored
data with time, treatment, gender and treatment by time interaction as fixed effects and subject as
random effect. Error bars represent 95% confidence intervals around the LS mean. Source:
Sponsor’s Table 3-5 Page 187 Report 2.7.4 Summary of Clinical Safety.pdf]

Further, the graphical evaluation shows a flat relationship between change from baseline
in Calcitonin at week 26 and steady-state liraglutide exposure (see Figure 5).
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Figure 5. Flat steady-state liraglutide AUC-change from baseline in Calcitonin
relationship at week 26 from the 52-week Phase 3 confirmatory trial (1573)

8 -
- b{4)
1 e

- /

«~ e

H o]
1

Change from baseline
Calcitonin (ng/L)
N
I

0 -

2

-4 | 1 | I T T I I ]
100 300 500 700 900

Liraglutide AUCss (nmol*hr/L)

1.1.3 'What is the influence of body weight, gender and race on PK of Liraglutide
in type 2 diabetic patient population?

Body weight was found to be a significant predictor of the apparent clearance of
liraglutide, as shown in Figure 6. The clearance changed from 0.6 L/hr to 1.8 L/h over a
body weight range of 40 to 160 Kg. Body weight also explained 5% points of the inter-
subject variability when applied as covariate on clearance (reduced from 36% to 31%).
Exposures of 160 kg patient with reference to median weight of 90 kg were around 40%
lower and expected Cavg was 9 nmoL/L and 13 nmol/L using 1.2 mg and 1.8 mg dose,
respectively. However, no dose adjustment based on bodyweight is being proposed. (See
exposure-response for further details).
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Figure 6. Liraglutide exposure decreases with increase in body weight
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Females were found to have 34% lower liraglutide clearance than males in the population
However, GENDER only explained 3% point of the inter-individual variability in body-
weight adjusted clearance (reduced from 31% to 28%) and therefore, is not a significant
predictor of the clearance. The effect of race (Blacks versus Others) was not evident
from the data as well and couldn’t be confirmed in reviewer’s analysis (Figure 10).

1.1.4 Should liraglutide dose be adjusted based on body weight?

In patients with body weight 160 kg the expected C,y, 1s around 9 nmoL/L and 13 nmol/L
using 1.2 mg and 1.8 mg dose, respectively. However, the liraglutide concentration-
response (%change from baseline HbA1c) suggests that maximum effect is achieved at or
above 7.nmol/L liraglutide concentration (which is the lowest limit of 2™ quartile) (see
Figure 3). This was consistent for the Phase 3 data where the observed concentrations
resulting from 1.2 mg and 1.8 mg liraglutide doses ranged from 5 nmol/L to 45 nmol/L
(see Figure 3b). Hence, it can be inferred that the proposed doses provide adequate
liraglutide exposures over the body weight range of 40-160 kg, and does not warrant for
any weight based dose adjustment in this population.

1.1.5 Are the labeling claims based on population analysis of liraglutide in type 2
diabetic patient population justified?

Yes, based on the results of the population PK analysis, sponsor’s proposal of no dose

adjustment based on age (elderly population), gender and raceis justified. These

covariates do not affect the liraglutide pharmacokinetics in a clinically meaningful way.

1.2 Recommendations

The sponsor’s proposed doses are acceptable from clinical pharmacology perspective.
The labeling statements based on the population PK analysis as proposed by the sponsor
are acceptable except as noted below in the recommendations.
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1.3 Label Statements

Labeling statements to be removed are shown in red-strilcethrengh-font and suggested
labeling to be included is shown in underline blue font.

Proposed Text:

b(4)

2  PERTINENT REGULATORY BACKGROUND

The sponsor, Novo Nordisk, submitted an original NDA on May 23, 2008 for liraglutide,
a GLP-1 analog intended for treatment as an adjunct therapy to diet and exercise to
mmprove glycemic control in subjects with type 2 diabetes mellitus. Liraglutide is
developed for once-daily administration as:
e  Monotherapy
e Combination therapy with one or more oral antidiabetic drugs (metformin,
sulphonylureas or a thiazolidinedione) when previous therapy does not achieve
adequate glycaemic control.

For all patients the proposed dosing regimen is that liraglutide should be initiated with a
dose of 0.6 mg for at least one week, after which the dose should be increased to 1.2 mg.
Based on clinical response and after at least one week the dose can be increased to 1.8 mg
to achieve maximum efficacy.
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3 RESULTS OF SPONSOR’S ANALYSIS

The phase 3a study, NN2211-1573, was used to capture liraglutide concentration data and
develop a population pharmacokinetic (PK) model. This model was used to explore the
inter-subject variability observed in liraglutide plasma concentrations and to determine if
covariates within the population explain some of this variability. ' The covariate analysis
was performed using forward addition of all covariates that were significant at the 5%
level, and backward elimination of covariates not significant at the 0.1% level. The
covariates assessed were dose, body weight, body mass index (BMI), age, gender, race,
ethnicity and time.

According to sponsor’s analysis:

A one-compartment model with first order absorption and elimination, with the
absorption parameter, Ka, fixed to 0.0704 h"' best described the available
pharmacokinetic data. Both clearance (CL/F) and volume of distribution (Vd/F)
and their variability could be estimated. The CL/F population mean estimate was
0.0126 L/h/kg with a 30.8 % CV and the population mean estimate of Vd/F was
0.373 L/kg with a 106.8 % CV between subjects. However, a covariance
structure on these parameters did not significantly improve the fit or estimation of
variability.

The residual error was best described with a proportional error model and was
estimated to be 40.1 %.

The population mean estimate of CL/F was similar to that obtained from phase 1
data, while the Vd/F population mean estimate was higher than that obtained from
phase 1 data and may be due to misspecification of Ka.

The full covariate model contained both gender and the four races as significant
covariates. The mean population estimates of CL/F for Other Females, Other
Males, Asian Females, Asian Males, Black Females, Black Males, White Females
and White Males were, 0.0098, 0.0150, 0.0102, 0.0158, 0.0098, 0.0116, 0.0116
and 0.0149 L/h/kg, respectively, (CL/F in Other Females, Asian Females, Black
Females, Black Males and White Females were 34.1%, 31.5%, 34.5%, 22.1% and
22.1% lower, respectively, compared to White Males. While the CL/F for Other
Males and Asian Males were 0.7% and 6.04% higher, respectively, compared to
White Males), with a single inter-subject variability on CL/F of 28% CV. The
mean population estimate of Vd/F for both genders and all race groups was 0.378
L/kg, with an inter-subject variability of 92.3% CV. The residual error was
estimated to be 40.1% CV.

The final model was a reduced form of full covariate model, so that only two race
groups remained (Black and Non Black), this, the final model, was found to be
more parsimonious -than the full covariate model containing four race groups.
Neither the estimates of Vd/F or inter-subject variability on CL/F or VA/F
changed as the model was reduced.

The estimated gender difference in CL/F between Blacks and Non Blacks differed
somewhat. The Black Females had a 15% lower CL/F compared with Black
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Males, while Non Black Females had a 23% lower CL/F compared with Non
Black Males. However, Blacks appear to have a lower CL/F in general compared
to Non Blacks, 0.0975 and 0.0116 L/h/kg for Black Females and Black Males,
compared with 0.0115 and 0.015 L/h/kg for Non Black Females and Non Black
Males, respectively. Compared to the CL/F of Non Black Males, the CL/F of Non
Black Females, Black Females and Black Males were 23.3%, 35.0% and 22.7%
lower respectively. The large difference between Black Females and Non Black
Males is a consequence of the additive effect of gender and race.

* Though a statistically significant difference in the population mean estimates of
CL/F between genders and race was found there is a substantial overlap between
the individual values in the groups and the difference in CL/F between males and
females and race appears small in comparison with the over all inter-subject
variability. The mechanism causing the difference in CL/F has not been
discerned.

Please refer to the following link for details on the population analysis report in EDR.
W\CDSESUB1\EVSPROD\NDA022341\0016

Reviewer’s Comments:

Sponsor conducted a well detailed population pharmacokinetic analysis. However,
sponsor used weight normalized dose and concluded in their report that that weight and
BMI did not influence PK when evaluated as covariate. Sponsors inference was
incorrect as use of weight normalization stems from the assumption that weight is an
inherent covariate with a linear relationship. Though, the use of weight normalization of
dose could be a reasonable approach of discerning effect of additional covariates, it does
not permit the estimation of effect size of body weight per se. Sponsors used 6 digit
numerical ID in the input data and NONMEM rounds off the last two digits to nearest
zero, potentially leading to ambiguous IDs in the output table with multiple subjects
having similar IDs. However, the population analysis results were not affected by this
issue. However, the following were noted:

(1) The available data only allowed reasonable estimation of clearance (CL/F) as most of
the data were collected at or around trough (Time after Dose = 24h) and not around the
]—;NGX'

(2) Model consistently under-predicted the higher concentrations in the data set (see
Figure 7) and thus did not adequately estimate the volume of distribution (V/F), due to
the limitations of available data as stated above, though sponsor mentioned that it could
be due to misspecification of absorption rate constant (Ka). In this reviewer’s opinion,
the other reason is that sponsor’s assumption of no accumulation could be incorrect, as
several of these higher concentrations were observed to occur between 20-30 h post-
dose, which is not consistent with the expected peak and trough with 024 h dosing. (For
each of the visit when a sample was collected, the system was reset using EVID=4 in the
dataset forcing no relationship of the observations to the previous event in a subject).

Considering that the sponsor’s themselves acknowledge this limitation and Sfocused their
conclusions around CL and the factors affecting the CL of liraglutide, this issue is not
investigated further and is accepted as a limitation of the model.
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4 REVIEWER’S ANALYSIS

4.1 Introduction

The population pharmacokinetic analysis was repeated with nominal doses to determine
the effect of body weight and other covariates (Gender and Race) on liraglutide
pharmacokinetics as proposed by sponsor in their report.

Additional population pharmacodynamic analysis was conducted using the data from
exploratory Phase 2 trial to assess the exposure-response relationship and how it supports
the Phase 3 dose selection. Graphical analysis of dose and exposure-response with
regards to efficacy (HbAlc reduction) and thyroid related safety (Calcitonin) from Phase
2/3 trials was also conducted. The details of this analysis are presented in section 4.4.2.

4.2 Objectives
Analysis objectives are:

e To determine the influence of weight and other covariates on liraglutide PXK.
4.3 Methods

4.3.1 Data Sets

Reviewer’s population PK analysis was performed using a modified data-set that was
revised to include nominal doses and serial ID numbers instead of 6 digit numerical ID
used by the sponsor. If a subject ID contains >5 digits in the input data, NONMEM will
output 6 digits but rounds off the last two digits to nearest zero, potentially leading to
ambiguous IDs in the output table with multiple subjects having similar IDs. However,
the population analysis results were not affected by this issue.

Exploratory PKPD analysis dataset was created using the liraglutide concentration,
fasting plasma glucose and HbAlc data collected during the 14 week exploratory Phase 2
study where, the liraglutide concentrations at steady-state and the fasting plasma glucose
levels were co-measured at week 0, 2, 4, 6, 8 and 14.

Data sets used are summarized in Table 1.

Table 1. Analysis Data Sets

Study Number Name Link to EDR
NN1129-1573 newfinalv4.csv NA
NN1129-1571 Liragpdr.csv NA

4.3.2 Software

Data-set for the analysis was prepared using SAS v 9.1. NONMEM Version VI was used
for the analysis and run using Wings for NONMEM VI on an IBM Thinkpad laptop
computer T60, equipped with a Compaq Visual Fortran compiler. The diagnostic and
other plots were generated using S-plus script.
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4.3.3 Models

The base model of the sponsor (one-compartment model with first-order absorption and
first-order elimination with IIV on CL and V) was used. Graphical analysis of the base
model output (goodness-of-fit plots and Eta-covariate plots) was used to evaluate the
adequacy of the model and selection of covariates for further evaluation. Allometric
model with centering on median weight was used for evaluating body weight.
Categorical covariates were tested using proportional model.

4.4 Results

4.4.1 Population pharmacokinetics
Structural Model

A one-compartment model with first-order elimination reasonably describes the
population PK of liraglutide after multiple oral administration of s.c. doses of liraglutide
in type 2 diabetic subjects titrated to 1.2 and 1.8 mg doses.

Figure 7. Diagnostic plots from the base model
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Covariate Analysis

Eta-Covariate plots from the base model revealed that body weight, gender and race are
likely predictors of the between-subject variability in the apparent oral clearance of
liraglutide as shown in Figure 8 below, though the body weight distribution differed
slightly between females and males. It was also seen that body weight is correlated with
body mass index (BMI) and gender. Hence body weight was the first covariate tested to
explain the variability in clearance of liraglutide.

Figure 8. Body weight is a significant predictor of liraglutide clearance (Note: From
Base Model)
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Body weight was found to influence the clearance (CL) of liraglutide and CL increased
with body weight. When applied as a covariate, body weight explained 5% points of the
inter-individual variability in clearance (reduced from 36% to 31%) and the final
allometric relationship is presented in the equation below:
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0.79
CL(L/h)= 1.11*(ﬂ)
90

Where, 1.11 L/h is the estimated population clearance at a median body weight (WT) of
90 Kg in the study population.

‘When clearance was adjusted for body weight (as a covariate), relationship of Gender
-was still evident on inter-individual variability (represented by Eta’s in the model) with
CL of liraglutide as shown in Figure 9 below. This was in agreement to the observation
in the sponsor’s analysis

Figure 9. Difference in weight adjusted clearance is apparent by gender but not by
race.
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When applied as a covariate, GENDER further explained 3% points of the inter-
individual variability in clearance (reduced from 31% to 28%) and revealed that females
have 34% lower clearance than males in the population, though there was no biologically
plausible reason for this difference. Moreover, this difference does not appear to be
clinically meaningful considering the concentration-response relationship of liraglutide
(Figure 3b). However, RACE effect on CL, as proposed by sponsor, did not appear
convincing from the graphical analysis due to the fact that difference in body weight
adjusted clearance overlapped between the two groups (see Figure 10) and blacks only
represented 12% of the population to assess any meaningful differences. Further, the
effect of RACE could not be confirmed in the reviewer’s analysis. When applied as a
covariate on weight and gender adjusted clearance, the estimate of relative difference
among the two race groups was 0.3% and covariance step was not executed. The
significance of RACE as an influential covariate was further not supported by the small
increase in OFV of ~0.4 units when this covariate was tested.
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Figure 10. Difference between individual and population predicted clearance is not
apparent for race after adjusting CL for WT and GENDER
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4.4.2 Exploratory PK/PD and Graphical Exposure-Response Analyses
Exploratory PK/PD:

The liraglutide concentration, fasting plasma glucose and HbAlc data collected during
the 14 week exploratory Phase 2 study was utilized to assess the exposure-response
relationship and the effect of covariates. The liraglutide concentrations at steady-state and
the fasting plasma glucose levels were measured at week 0, 2, 4, 6, 8 and 14. Based on
the graphical assessment of data, the following model was used to explore the exposure-
response relationship.

Y = Eo%| 1— Emax * LIRA + ERR(D),
ECso+ LIRA

Where, Eq is FPG when liraglutide concentration is 0, Emax 1s the maximum proportional
change in FPG from Ey, ECsg is the concentration eliciting 50% of the Eyax, LIRA is
liraglutide concentration and ERR(1) is the residual error. The data from week 4 and
onwards was utilized as the response (FPG) data indicated to have achieved steady-state
permitting the use of a direct-response relationship.

The model reasonably described the exposure-response data as evident from the model
diagnostic plots (see Figure 11). The results from the base model showed that Ey was
11.9 mmoV/L (RSE 2.2%) with an inter-subject variability of 17%; (RSE 17%), Emax of
0.35 (RSE 10.3%) with an inter-subject variability of 53% (RSE 278%) and ECsy was
estimated to be 3530 pmol/L (RSE 47%) with an inter-subject variability of 69% (RSE
178%).
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Figure 11. Diagnostic plots from the base PD model
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Although the available data did not permit a very precise estimate of inter-subject
variability in Eyax (RSE 128% on o’emax) and ECso (RSE 178% on ®’gcs), it does
provide reasonable information that the there was around 35% maximum reduction in
FPG, and 50% of this maximal response was achieved with an ECsy of 3530 pmol/L (~4
nmol/L) liraglutide concentration. Exposure-response was also evident from the visual
assessment of mean %change in FPG versus concentration (means of the four quartiles)
from the Phase 2 Trial data, presented in Figure 12 below. The Phase 2 results were,
however, supportive of the Phase 3 dose selection.
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Figure 12. Mean (SE) %change from baseline versus mean liraglutide in each
quartile range (Phase 2)
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The graphical assessment of Ey, Emax and ECso versus covariates (WT, BMI, AGE,
BASE) only revealed Eq and BASE (baseline FPG) correlation as expected, which was
addressed by the mathematical model and hence not explored further. Also the PK/PD
analysis was attempted with HbAlc but was not successful, most likely due to lack of
data as the HbA 1c data was measured only at week 8 and 14.

Some additional plots from the Phase 2 data are presented in Appendix 5.2.

Exposure-Response (Efﬁcacy) Assessment:

The dose-response was analyzed graphically from the pooled data (week 12/14) from
Phase 2 and 3 monotherapy trial. The exposure-response with regards to efficacy
(HbA1c) was also evaluated for Phase 2 and Phase 3 studies.

Exposure-Response (Safety) Assessment:

Liraglutide caused Thyroid C-cell tumors in mice and rats in long-term toxicity studies at
or above equivalent human exposure. This finding was associated with dose dependent
increase in incidence of tumor and an increase in serum Calcitonin levels, which is a
hormone secreted from C-cells. The serum Calcitonin was also measured in the 52 week
monotherapy trial 1573 (including its extension phase) where liraglutide concentration
was also measured for population PK analysis. The serum Calcitonin was also measured
in other efficacy trials as part of thyroid safety investigation following long-term
liraglutide administration. '

The Sponsor compared the Calcitonin data from all trials at week 26 in their analysis as
majority of efficacy trials were of 26 week duration. For the individual studies, the
Calcitonin data was also analyzed using a repeated measurement analysis for normal
censored data, where the logarithm of calcitonin was the (censored) response. The
calcitonin data was characterized by a large percentage of the results being below the
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lower limit of quantification (LLOQ). To obtain a quantitative estimate of the trends over
time and treatment these observations were considered censored results in the sponsor’s
analysis, as the information was only that the observation was less than 0.7 ng/L. This
was incorporated into the statistical model by adding the information into the likelithood
function; in statistical terms the contribution to the likelihood function for the censored
observations corresponds to the distribution function taken at 0.7 ng/L. Separate
estimation and pair-wise comparisons of treatment effect were made at all visits where
calcitonin was measured to enable an evaluation of the trends over time. The statistical
model included an interaction effect between treatment and time to ensure independent
estimates for each time-point. The analyses per time-point were made irrespectively of
whether the interaction effect was statistically significant. This analysis revealed an
overall trend of dose-dependent increase in the serum Calcitonin. In the reviewer’s
analysis, the Calcitonin data from monotherapy trial (1573) was evaluated for dose-
response using the sponsor’s results from repeated measurement analysis. The liraglutide
concentration-response was evaluated for change from baseline in calcitonin at week 26
to determine if it corresponds to the dose-response reported by the sponsor. In addition,
the time-course of serum Calcitonin for the combination trial with metformin (1572) was
also evaluated.
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5 APPENDIX

5.1 Listing of Analyses Codes and Output Files

File Name Description Location in
\\cdsnas\pharmacometrics\
finalv4.xpt Sponsor’s NONMEM data set for NDA22341 Liraglutide\Datasets

population PK analysis

Nonmemformat.sas

Reviewer’s SAS code for dataset
preparation

NDA22341 Liraglutide\Datasets

Newfinalv4.csv

Reviewer’s NONMEM data set for
population PK analysis

NDA22341 Liraglutide\Datasets

Newfinalv5.csv

Reviewer’s NONMEM data set for
graphical exposure-response assessment
with baseline, change from baseline and
%change from baseline in HbAlc at
week 52 information added to
newfinalv4

NDA22341 Liraglutide\Datasets

Liragl.ctl and

Reviewer’s NONMEM base model code

NDA22341 Liraglutide\Controlstream

Lirag2.ctl for population PK analysis
Lirag3.ctl Reviewer’s NONMEM model code for NDA22341 Liraglutide\Controlstream
population PK analysis with WT as
covariate on CL
Liragd.ctl* Reviewer’s NONMEM model code for NDA22341_ Liraglutide\Controlstream
. population PK analysis with WT and ‘
(Final model) GENDER as covariate on CL
Lirag5.ctl Reviewer’s NONMEM model code for NDA22341 Liraglutide\Controlstream
population PK analysis with WT,
GENDER and RACE as covariate on CL
Lirag6.ctl Reviewer’s NONMEM model code for NDA22341 Liraglutide\Controlstream
population PK analysis with WT and )
RACE as covariate on CL
Lirag7.ctl Reviewer’s NONMEM model code for NDA22341 Liraglutide\Controlstream
population PK analysis with WT and
GENDER as covariate on CL (same as
Lirag4.ctl) with response data included
in the output for plotting purpose
LiragN.df NONMEM output files generated by NDA22341 Liraglutide\Output
- Wings for NONMEM for respective
(N=1to7) Contro] stream files
liraN.ssc S-plus script used to generate plot NDA22341 Liraglutide\Plots
N=1t07)
PlotsliragN.pdf S-plus generated plots NDA22341 Liraglutide\Plots
(N=11t07)
Lirapdr.csv Reviewer’s Additional PD analysis NDA22341 Liraglutide\Additional
(PD dataset prepared datset, controlstream, output, s-plus
NDA 22-341 Page 18 0of 22
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using JMP), script and plot files, respectively
lirapd.ctl,

Liragpd.df,
Liragpd.ssc

Liragpd.pdf
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5.2 Exploratory PK/PD Plots from Phase 2 Trial 1571
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(e) Dose-dependent increase in liraglutide | (f) FPG versus time [observed () and model
exposure predicted(«)]
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5.3 Calcitonin time course in Trial 1572

Mean Time-Course of Calcitonin in Study 1572
1.8 mg Liragiutide = == == 1 2mg Liraglutide s = == () 8mg Liraglutide
— e Glimepiride e x e Placebo
1.2+
1.0+
=
2 084
£
<
o
b
L 06
[
(&)
0.4
0.2~ ;
1 1 1 T i 3
10 20 30 40 50 : 60
Time, Weeks

[Note: The LS mean estimates are from a repeated measurements analysis for normal censored
data with time, treatment, gender and treatment by time interaction as fixed effects and subject as
random effect. Error bars represent 95% confidence intervals around the LS mean. Source:
Sponsor’s Table 3-6 Page 188 Report 2.7.4 Summary of Clinical Safety.pdf]
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4.4 OCP FILING MEMO

Ofitce of Chinfeal Pharmacology
New Drug Application Filing and Review Form

General Information About the Submission

Information Information
NDA Number 22-341 Brand Name Victoza® (Proposed)
OCP Division (I, II, III, DCPII Generic Name Liraglutide
v, V)
Medical Division DMEP Drug Class
OCP Reviewer Manoj Khurana, Ph.D. Indication(s) An adjunct therapy to diet and

exercise to improve glycemic control
in subjects with type 2 diabetes.

OCP Pharmacometrics Primary: Manoj Khurana, Dosage Form Injection
Reviewer Ph.D.
Secondary: TBD

OCPB Team Leader Sally Choe, Ph.D. Dosing Regimen Once Daily

Date of Submission May 23, 2008 Route of Subcutaneous
Administration

Estimated Due Date of December 23, 2008 Sponsor NOVO NORDISK

OCP Review

PDUFA Due Date March 23, 2009 Priority Standard
Classification

Division Due Dgte

Clin. Pharm. and Biopharm, Information
“X” if Number of Number of Critical Comments If any
included at | studies studies
filing | submitted reviewed
STUDY TYPE
Table of Contents present X
and sufficient to locate
reports, tables, data, etc.
Tabuiar Listing of All X
Human Studies
HPK Summary X
Labeling X
Reference Bioanalytical and X
Analytical Methods
I._Clinical Pharmacology X T e s e
Mass balance: X 1 1 NN2211-1699"
Isozyme characterization: X 5 5 NN205145, NN206480,
NN206665, NN207147,
NN207312
Blood/plasma ratio:
Plasma protein binding: X 2 2 NN200152, NN201223
Pharmacokinetics (e.g.,
Phase i) -
Healthy Volunteers-
single dose: X 2 2 NN2211-1149" (Dose Escalation)
NN2211-1326 (PKPD in healthy
: Japanese Subjects)
muitiple dose: X 2 2 NN2211-1694, 1551, 1591
(PKPD in healthy Japanese
Subjects)
Patients-
single dose: X 3 3 NN2211-1219, 2063, 1224
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multiple dose:

NN2211-1332
NN2211-1591 (PKPD in T2DM
Japanese Subjects)

Dose proportionality -

fasting / non-fasting single
dose:

NN2211-1189

fasting / non-fasting muitiple
dose:

Drug-drug interaction
studies -

In-vivo effects on primary

drug:
In-vivo effects of primary drug: NN2211- 1330", 1608"
in-vitro: NN980278, NN201224,
NN203029
Subpopulation studies - Lo
ethnicity:
gender:
pediatrics:
geriatrics: NN2211-1327"

renal impairment:

NN2211-1329" (Trial also
included 3 subjects with type 2
diabetes)

hepatic impairment:

NN2211-1328 (Trial also
included 5 subjects with type 2

diabetes)
PD: T A R T
Phase 1: NN2211- 12197, 12247 1589",
1698" 2063"
Phase 2: NN2211-1332°
Phase 3:
PK/PD:

Phase 1 and/or 2, proof of

concept:

NN2211-1644" (TQT)

Phase 3 clinical trial:

Population Analyses -

Data rich:

Data sparse:

NN2211-1573

. Biopharmaceutics

Absolute bioavailability:

NN2211-1149

Relative bioavailability -

solution as reference:

NN2211-1745" (Comparing
different sites of injection)

alternate formulation as
reference:

NN2211-1464 (Pulmonary)

NN2211-1898 ( Intranasal)

Bioequivalence studies -

traditional design; single /
multi dose:

NN2211- 13317, 1636, 16927,
1693*

replicate design; single / multi
dose:

Food-drug interaction
studies:

Dissolution:

(IVIVC):

Bio-wavier request based
on BCS

BCS class
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iil. Other CPB Studies

Genotype/phenotype
studies:

Chronopharmacokinetics

Pediatric development
plan

Literature References

Total Number of Studies 41 39
Filability
“X” if yes Comments
Application filable? X Comments to the Sponsor: Please submit the following datasets to

support the population analysis conducted under NN2211-1573:

* All datasets used for model development and validation should be
submitted as a SAS transport files (*.xpt). A description of each data
item should be provided in a Define.pdf file. Any concentrations
and/or subjects that have been excluded from the analysis should
be flagged and maintained in the datasets.

* Model codes or control streams and output listings should be
provided for all major model building steps, e.g., base structural
model, covariates models, final model, and validation model. These
files should be submitted as ASCII text files with *.txt extension (e.g.:
myfile_ctl.txt, myfile_out.txt).

¢ A model development decision tree and/or table which gives an
overview of modeling steps.

For the population analysis reports we request that you submit, in addition
to the standard model diagnostic plots, individual plots for a
representative number of subjects. Each individual plot should include
observed concentrations, the individual predication line and the population
prediction line. in the report, tables should include model parameter
names and units. For example, oral clearance should be presented as
CL/F (L/h) and not as THETA (1). Also provide in the summary of the
report a description of the clinical application of modeling results.

Submission in Brief:
See the details below.

Reviewer's Comments:

DSI inspection will be requested for the study NN2211-1692 trial site
and its analytical site.

Consult to IRT for review of TQT.

Consult to PM group for the population analysis conducted under NN2211-

1573.

*Studies submitted with Analysis Data sets

NDA 22-341 (Liraglutide) OCP Review Page 3 of 14




Submission in Brief:

Sponsor, Novo Nordisk has submitted the new drug application (NDA) 22-341 for liraglutide.
Liraglutide (Arg34Lys26-(N-e-(y-Glu (N-o-hexadecanoyl)))-GLP-1[7-37]), a new molecular
entity, is once-daily human GLP-1 analogue, in which lysine at position 34 has been replaced
with arginine, and palmitic acid has been attached via a glutamoy! spacer to lysine at position 26.
Liraglutide was discovered and is being developed by Novo Nordisk.

A comprehensive list of completed or ongoing clinical pharmacology and clinical trials is

provided below:

Clinical Pharmacology Trials
{Single-dose fiials)

Healthy subjects:

1142, 1327, 1328% 1320% 1331,
1636, 1662, 1663, 1688, 1745,
1464 {palmenary),
NNO233-1898 (intranasal}

Subjects with fype 2 diabetes:

Therapeutic Exploratory Trials
(Intermediate-term frials)

Subjects with oyps 2 dishetes
1310, 1571, 1499, 333 2072

Jopanese subjects with npe 2 diabetes:

1334

Non-diabetic, obese sublects:
NNRD2D-1807 (nunvs ext}

Ongoing Trials

1708, 17971799

1373 extenzion

1372 extenzion

1700 and 170} {Japarese phase 3a tnals)
NNEE22-1807 {obesity} extens

1219, 1224, 2083

Japaness healthy subjerts.
1326

Therapentic Confirmatory Trials
{Long-term trials)

Clinical Pharmacology Trials
{Short-term frials)

Subjects with gype 2 dighotes:
1573 {32 whs + extension)} #
1572 (26wks + extension) #
1436 {26 wks?
1574 (26 wks}
1697 {26 wks}

Healthy subjacts:
1180*, 1330, 1608, 1644

Sulyeces with iype 2 diabetes:
1332, 1580, 1698

Japanase healthy subjects:
1551 and 1664

Japanase subjects with fype 2
diabetas:
1351

Total: 38 trials excluding ongeing mials G.e. frials where final statistical analyses were mot vet svalable)

*inchaded 5, 3 aud 4 subjects with type 2 diabetes, respectively

#Twao reporis ate available for each of Trialz 1573 and 1572; one covering il dosa from the double-biind main part of the mials and cue
covering all data from double-blind and open-iabel exzension peniod witid 21 Feb 2608, The later reports only describe subjects who
enfered the open-label extension part of the fmial.

Figure 1-1  Grouping of Liraglutide Clinical Trials

The clinical pharmacology program included 26 clinical pharmacology trials. These comprised:
e 19 trials in healthy subjects {(including bioequivalence trials, trials in elderly subjects,
subjects with renal or hepatic impairment and Japanese subjects),
e 7 trials in subjects with type 2 diabetes (including one trial in Japanese subjects).
The program was supported by evidence from five Phase 2 trials, a population pharmacokinetic
analysis from the therapeutic confirmatory Trial 1573, and from ten in vitro studies performed
with human biomaterials, i.e. cells, recombinant enzymes, plasma or plasma proteins.

The pharmacokinetic data demonstrated slow absorption of liraglutide (tmax = 10—13 hours) and
a half-life of approximately 13 hours (10~18 hours), suitable for the intended once daily dosing.
In addition, pharmacokinetics was demonstrated to be dose proportional for both single and
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multiple doses. The absolute bioavailability was demonstrated to be 55% based on intravenous
(i.v.) and subcutaneous (s.c.) administration of 5 ug/kg. The relative bioavailability was slightly
lower in the thigh compared with the abdomen and the upper arm based on s.c. administration of
0.60 mg.

20000

160600

126001

30001

Liraglutide cone. {pmol/L.)

4000

0 S ;
i 24 32 48
Time since dosing (hours)
Dose {ug'kg): samg 1 2% s Q50 ews 500 808 1000
s 1250 4 1500 e 1730 =ee 2000

Mean Plasma Liraglutide Profiles following Single-dose Administration in
Healthy Subjects — Trial 1149

Investigation of the metabolism of liraglutide in healthy subjects (Trial 1699) indicated
that liraglutide is endogenously metabolised and that neither renal nor biliary excretion are major
routes of clearance.. The effect of liraglutide to slow gastric emptying did not affect the
absorption of orally administered medical products to any clinically significant degree. At steady
state concentrations, liraglutide did not alter the rate and extend of absorption of orally
administered paracetamol, atorvastitin, griseofulvin, lisinopril, digoxin and oral contraceptives
(ethinylestradiol and levonorgestrel) to a clinically relevant degree.

Mode of action trials in subjects with type 2 diabetes demonstrated glucose lowering as
well as insulin secretion effects of liraglutide after a single s.c. dose (10 pg/kg). Furthermore, at a
s.c. dose of 7.5 pg/kg, liraglutide did not impair glucagon response nor the general
hypoglycaemic counterregulation response and liraglutide was no longer insulinotropic at
hypoglycaemic plasma glucose concentrations. It has been shown, that liraglutide provides 24-
hour glycaemic control and restores B-cell responsiveness to increasing blood glucose
concentrations.

The six reported Phase 2 trials showed significant effects on glycaemic control (measured
by HbAlc and fasting serum glucose) after 5-14 weeks of treatment. In addition, the trials
showed that treatment with liraglutide was associated with weight loss. The Japanese Phase 2 trial
(Trial 1334) showed similar results on glycaemic control, whereas no effect was seen on body
weight. Preliminary results from the ongoing Phase 3a trials with completed clinical phase
showed robust effects on glycaemic control (measured by HbAlc and fasting plasma glucose)
after 6 months of treatment with liraglutide in various treatment regimens with liraglutide doses
of 0.6 mg, 1.2 mg or 1.8 mg per day in combination with sulphonylureas, metformin or

NDA 22-341 (Liraglutide) OCP Review Page S of 14



thiazolidinediones in subjects with type 2 diabetes. Results from the Phase 3a trials confirmed the
weight loss observed in the Phase 2 trials.
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Office of Chinical Fharmacology
New Drug Application Filing and Review Form

General Information About the Submission

Information Information
NDA Number 22-341 Brand Name Victoza® (Proposed)
OCP Division (I, II, III, DCPII Generic Name Liraglutide
v, V)
Medical Division DMEP Drug Class
OCP Reviewer Manoj Khurana, Ph.D. Indication(s) An adjunct therapy to diet and
exercise to improve glycemic control
in subjects with type 2 diabetes.
OCP Pharmacometrics Primary: Manoj Khurana, Dosage Form Injection
Reviewer Ph.D.
Secondary: TBD
OCPB Team Leader Sally Choe, Ph.D. Dosing Regimen Once Daily
Date of Submission May 23, 2008 Route of Subcutaneous
Administration
Estimated Due Date of December 23, 2008 Sponsor NOVO NORDISK
OCP Review
PDUFA Due Date March 23, 2009 Priority Standard
Classification
Division Due Date

Clin. Pharm. and Biopharm. Information
“X” if Number of Number of Critical Comments If any
included at | studies studies
filing submitted reviewed
STUDY TYPE
Table of Contents present X
and sufficient to locate
reports, tables, data, etc.
Tabular Listing of All X
Human Studies
HPK Summary X
Labeling X
Reference Bioanalytical and X
Analytical Methods
I. Clinical Pharmacology 2 X i : i o R R e
Mass balance: X 1 1 NN2211-1699"
Isozyme characterization: X 5 5 NN205145, NN206480,
: - NN206665, NN207147,
NN207312
Blood/plasma ratio:
Plasma protein binding: X 2 . 2 NN260152, NN201223
Pharmacokinetics (e.g.,
Phase ) -
Healthy Volunteers- .
single dose: X 2 2 NN2211%-1149° (Dose Escalation)
NN2211-1326 (PKPD in healthy
- Japanese Subjecis)
multiple dose: X 2 2 NN2211-1694, 1551, 1591
(PKPD in healthy Japanese
Subjects)
Patients-
single dose: X 3 3 NN2211-1219, 2063, 1224
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multiple dose:

NN2211-1332
NN2211-1591 (PKPD in T2DM

Dose proportionality -

Japanese Subjects)

fasting / non-fasting single
dose:

NN2211-1189

fasting / non-fasting multiple
dose:

Drug-drug interaction
studies -

In-vivo effects on primary

drug:
In-vivo effects of primary drug: NN2211- 1330#, 1608%
In-vitro: NN980278, NN201224,
NN203029
Subpopulation studies - i :
ethnicity:
gender:
pediatrics:
geriatrics: NN2211-1327"

renal impairment:

NN2211-1329" (Trial also
included 3 subjects with type 2
diabetes) .

hepatic impairment:

NN2211-1328" (Trial also
included 5 subjects with type 2
diabetes)

PD: 1o L e

Phase 1 NN2211- 12197, 12247 1589%,
, 1698" 2063"

Phase 2 NN2211-1332"
Phase 3:

PK/PD: S L

Phase 1 and/or 2, proof of NN2211-1644" (TQT)

concept:

Phase 3 clinical trial: _

Population Analyses -

Data rich: ]

Data sparse:

NN2211-1573

. Biopharmaceutics

Absolute bioavailability:

NN2211-1149

Relative bioavaitability -

solution as reference:

NN2211-1745" (Comparing
different sites of injection)

alternate formulation as
reference:

NN2211-1464 (Pulmonary)

Bioequivalence studies -

NN2211-1888 ( Intranasal)

traditional design; single /
multi dose:

NN2211- 13317, 1636", 1692",
1693"

replicate design; sihgle / multi
dose:

Food-drug interaction
studies:

Dissolution:

(IVIVC):

Bio-wavier request based
on BCS

BCS class
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lil. Other CPB Studies

Genotype/phenotype
studies:

Chronopharmacokinetics

Pediatric development
plan

Literature References

Total Number of Studies 41 39
Filability
“X” if yes Comments
Application filable? X Comments to the Sponsor: Please submit the following datasets to

support the population analysis conducted under NN2211-1573:

e Al datasets used for model development and validation should be
submitted as a SAS transport files (*.xpt). A description of each data
item should be provided in a Define.pdf file. Any concentrations
and/or subjects that have been excluded from the analysis should
be flagged and maintained in the datasets.

*  Model codes or control streams and output listings should be
provided for all major model building steps, e.g., base structural
model, covariates models, final model, and validation model. These
files should be submitted as ASCII text files with *.txt extension (e.g.:
myfile_ctl.txt, myfile_out.txt).

¢ A model development decision tree and/or table which gives an
overview of modeling steps.

For the population analysis reports we request that you submit, in addition
to the standard mode! diagnostic plots, individual plots for a
representative number of subjects. Each individual plot should include
observed concentrations, the individual predication line and the population
prediction line. In the report, tables should include model parameter
names and units. For example, oral clearance should be presented as
CL/F (L/h) and not as THETA (1). Also provide in the summary of the
report a description of the clinical application of modeling results.

Submission in Brief:
See the details below.

Reviewer's Comments:

DSI inspection will be requested for the study NN2211-1692 trial site
and its analytical site.

Consult to IRT for review of TQT.

Consulit to PM group for the population analysis conducted under NN2211-

1573.

*Studies submitted with Analysis Data sets
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Submission in Brief:

Sponsor, Novo Nordisk has submitted the new drug application (NDA) 22-341 for liraglutide.
Liraglutide (Arg34Lys26-(N-e-(y-Glu (N-a-hexadecanoyl)))-GLP-1{7-37]), a new molecular
entity, is once-daily human GLP-1 analogue, in which lysine at position 34 has been replaced
with arginine, and palmitic acid has been attached via a glutamoyl spacer to lysine at position 26.
Liraglutide was discovered and is being developed by Novo Nordisk.

A comprehensive list of completed or ongoing clinical pharmacology and clinical trials is

provided below:

~ Clinical Pharmacelogy Trials
{Single-dose frials)

Healthy subjects:

1149, 1327, 1328% 1329%,

1636, 1662, 1683, 16282, 17

1464 (puimonary),

NNO233-1898 Gamanasal}

Subjects with tipe 2 diabetes:
1219, 1224 2083

Japaiese healthy subjecis:
1326

Therapentic Exploratory Trials
(Intermediate-ferm frials)

Subjects with sype 2 diabetes:
1310, 1371, 1499, £333, 2072

Japamese subjects with fpe 2 diabstes:
1334

Non-dinberic, ohese subjecis:
NNB922-1807 {munus ext}

Ongoing Trials

1796, 17971799

1573 extenzion

1572 extenzion

1700 mnd 1701 {Japatese phaze 3a tals)
NNBO22-1807 {obesify} extension

Clinical Pharmacology Trials
{Short-term frials)

Therapeutic Confirmatory Trials
{Long-term irials}

Heglthy subjecis: Subjecis with fype 2 diabares:

1186% 1330, 1608, 1834 1573 {32 wks + extension} #
i ' 1572 126 wks + extension’ %

Subgects with fyps 2 diabstss: 1436 {26 ks

1332, 1580 14668 1574 26 wks)

Japanese healty subjects: 1697 (26 wks)

1531 and 1694

Japanese suljects with fyps 2

diabetas:

1391

Total: 38 trials excluding ongoing irials {i.e. irials where final statistical snalyses were not yet available}

*included 3, 3 mxd 4 subjects with type 2 diabetes, respectively

# Two reporis ate available for each of Trials 1373 and 1572; one coveniung a8 data from the double-biind matn past of the trials and one
covering all datz ffom donble-blind and open-label exrenston period vmtil 21 Feb 2008, The latter reports only describe subjects who
entered the open-label extension part of the mal.

Figure 1-1  Grouping of Liraglutide Clinical Trials

The clinical pharmacology program included 26 clinical pharmacology trials. These comprised:
e 19 trials in healthy subjects (including bioequivalence trials, trials in elderly subjects,
subjects with renal or hepatic impairment and Japanese subjects),
e 7 trials in subjects with type 2 diabetes (including one trial in Japanese subjects).
The program was supported by evidence from five Phase 2 trials, a population pharmacokinetic
analysis from the therapeutic confirmatory Trial 1573, and from ten in vitro studies performed
with human biomaterials, i.e. cells, recombinant enzymes, plasma or plasma proteins.

The pharmacokinetic data demonstrated slow absorption of liraglutide (tmax = 10—13 hours) and

a half-life of approximately 13 hours (10—18 hours), suitable for the intended once daily dosing.
In addition, pharmacokinetics was demonstrated to be dose proportional for both single and
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multiple doses. The absolute bioavailability was demonstrated to be 55% based on intravenous
(i.v.) and subcutaneous (s.c.) administration of 5 pg/kg. The relative bioavailability was slightly
lower in the thigh compared with the abdomen and the upper arm based on s.c. administration of
0.60 mg.

20000
= 16000
= 120001
=
B 80001
&
£ 4000

Time since dosing (hours)

Dose {ug/ke): soe 125 ewe 250 sen 500 808 10.00
—ee 1250 4+ 1500 wwe 1750 eee 20,00

Mean Plasma Liraglutide Profiles following Single-dose Administration in
Healthy Subjects — Trial 1149

Investigation of the metabolism of liraglutide in healthy subjects (Trial 1699) indicated
that liraglutide is endogenously metabolised and that neither renal nor biliary excretion are major
routes of clearance. The effect of liraglutide to slow gastric emptying did not affect the
absorption of orally administered medical products to any clinically significant degree. At steady
state concentrations, liraglutide did not alter the rate and extend of absorption of orally
administered paracetamol, atorvastitin, griseofulvin, lisinopril, digoxin and oral contraceptives
(ethinylestradiol and levonorgestrel) to a clinically relevant degree.

Mode of action trials in subjects with type 2 diabetes demonstrated glucose lowering as
well as insulin secretion effects of liraglutide after a single s.c. dose (10 pg/kg). Furthermore, at a
s.c. dose of 7.5 pg/kg, liraglutide did not impair glucagon response nor the general
hypoglycaemic counterregulation response and liraglutide was no longer insulinotropic at
hypoglycaemic plasma glucose concentrations. It has been shown, that liraglutide provides 24-
hour glycaemic control and restores P-cell responsiveness to increasing blood glucose
concentrations.

The six reported Phase 2 trials showed significant effects on glycaemic control (measured
by HbAlc and fasting serum glucose) after 5-14 weeks of treatment. In addition, the trials
showed that treatment with liraglutide was associated with weight loss. The Japanese Phase 2 trial
(Trial 1334) showed similar results on glycaemic control, whereas no effect was seen on body
weight. Preliminary results from the ongoing Phase 3a trials with completed clinical phase
showed robust effects on glycaemic control (measured by HbAlc and fasting plasma glucose)
after 6 months of treatment with liraglutide in various treatment regimens with liraglutide doses
of 0.6 mg, 1.2 mg or 1.8 mg per day in combination with sulphonylureas, metformin or
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thiazolidinediones in subjects with type 2 diabetes. Results from the Phase 3a trials confirmed the
weight loss observed in the Phase 2 trials.

APPEARS THIS WAY
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MEMORANDUM

DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service .
Food and Drug Administration
Center for Drug Evaluation and Research
Division of Drug Marketing, Advertising, and Communications

*PRE-DECISIONAL AGENCY MEMO**

Date: October 26, 2009

To: John Bishai — Regulatory Project Manager
Division of Metabolism and Endocrinology Products (DMEP)

From: Sam Skariah — Regulatory Review Officer
Kendra Jones — Regulatory Review Officer
Division of Drug Marketing, Advertising, and Communications (DDMAC)

Subject: DDMAC draft labeling comments
- NDA #22-341 Victoza (liraglutide [rDNA origin] injection) solution

DDMAC has reviewed the proposed product labeling (Pl) and MedGuide for Victoza
* (liraglutide [rDNA origin] injection) solution (Victoza) submitted for consult on October 5,
2009.

The following comments are provided regarding the October 5, 2009 version of the
proposed Pl, located in the eRoom.

Thank you for the opportunity to comment on this label.
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Department of Health and Human Services
Public Health Service

Food and Drug Administration

Center for Drug Evaluation and Research

Office of Surveillance and Epidemiology

Date: October 20, 2009

To: Mary Parks, MD Director
Division of Metabolism and Endocrinology Products

Thru: Carlos M. Mena-Grillasca, R.Ph., Team Leader
Denise Toyer, PharmD, Deputy Director
Carol Holquist, R.Ph., Director
Division of Medication Error Prevention and Analysis

From: Walter Fava, R.Ph., Safety Evaluator

Division of Medication Error Prevention and Analysis
Subject: Label and Labeling Review
Drug Name(s): Victoza (Liraglutide) Injection

18 mg/3 mL multiple dose prefilled.pen

Application Type/Number: IND: 061040

NDA: 022341
Applicant/sponsor: Novo Nordisk, Inc.
OSE RCM #: 2009-1336

***This document contains proprietary and confidential information that should not be
released to the public***
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1 INTRODUCTION

This review is written in response to a request from the Division of Metabolism and Endocrinology
Products to assess the labels and labeling of Victoza (Liraglutide), to identify areas that could lead to
medication errors.

2 REGULATORY HISTORY

The Applicant originally submitted labels and labeling and workmg samples of b(4)
OMEPA expressed our concerns with this proposal and the

potential for confusion and medication errors that might arise. On August 24, 2009 DMEPA met with the

Division of Metabolism and Endocrinology Products (DMEP) to recommend that the Applicant market

only one prefilled pen capable of delivering all three doses (0.6 mg, 1.2 mg, and 1.8 mg). DMEP

concurred with our recommendation. On August 26, 2009, DMEP communicated these safety concerns to

the Applicant and requested that the Applicant market only one multi-dose pen that delivers the three

doses. On August 28, 2009, the Applicant agreed to market only the multi-dose pen that delivers all three

doses as recommended.

3 MATERIALS REVIEWED

The Division of Medication Error Prevention and Analysis (DMEPA) used principles of Human Factors
and Failure Mode and Effects Analysis (FMEA) in our evaluation of the labels and labeling submitted.
For this product the Applicant submitted revised labels and labeling for DMEPA review on September
30, 2009. Revised physician insert labeling was submitted on September 4, 2009. The Applicant also
submitted a Usability Study on August 11, 2009 (see Appendix A for images):

¢ Retail Pen Labels (‘0.6/1.2/1.8 mg’)

e Retail Carton Labeling (‘0.6/1.2/1.8 mg’)

e Pen Labels for Physician Samples (‘0.6/1.2/1.8 mg’)

e Carton Labeling for Physician Samples (‘0.6/1.2/1.8 mg’)

e Medication Guide and Patient Instructions for Use (no image)
e Prescribing Information (no image)

e Usability Study (no image)

A working model of the pen was also provided by the Applicant and was used in our evaluation of the
labels and labeling. The retail multidose pen will be available in two pens per carton and three pens per
carton packaging configurations. The physician sample pen will be packaged one pen per carton.

Our evaluation noted areas where information in the labels and labeling can be improved upon to provide
increased readability and minimize the potential for confusion. We provide our recommendations in
Section 4.

4 RECOMMENDATIONS

We request the following recommendations be communicated to the Applicant prior to approval.

4.1 COMMENTS TO THE DI1VISION
A. Pen Design



During the October 7, 2009 wrap-up meeting, we discussed with the Division that the pen design
does not have a lock-out mechanism to prevent patients/caregivers from administering doses
other than 0.6 mg, 1.2 mg, and 1.8 mg. After considering that the instructions for use explain
how to dial prescribed doses correctly, and the fact that the pen does not deliver doses greater
than 1.8 mg per dose, the Division did not believe this to be a substantial safety issue.

Package Insert Labeling

1.

Remove all trailing zeros throughout the package insert. Trailing zeros are listed as a
dangerous dose designation on the Institute of Medicine’s ‘List of Error-Prone Abbreviations,
Symbols, and Dose Designations’, because they can lead to ten-fold dosing errors if the
decimal is not seen (e.g. revise Section 8.1, “...1.0 mg/kg/day liraglutide...” to read

‘...1 mg/kg/day liraglutide...”). When placed in the approved labeling of products, this
terminology tends to used by practitioners in prescribing. In June 2006, FDA launched an
educational campaign with ISMP to educate healthcare practitioners not to use dangerous
abbreviations or dose designations in their prescribing. As part of this campaign, FDA agreed
not to allow such dangerous abbreviations and dose designations in the approved labeling of
products because these carry over to prescribing habits. Thus, DMEPA requests the Division
not allow such abbreviations be approved as part of labeling.

. Revise the abbreviation, ‘sc’ used throughout the labeling to read ‘subcutaneous’ to clearly

identify the route of administration being referenced. The abbreviation ‘sc’ is also listed on
ISMP’s ‘List of Error-Prone Abbreviations, Symbols, and Dose Designations’, because it can
be mistaken as ‘SI.’ (sublingual).

. Revise all sections of labeling where dose statements are presented without units of measure

(e.g., revise statement in Section 12.2, ¢...1.8, 1.2, and 0.6 mg Victoza treatment...” to include
the units with the presentation of the strength ...1.8 mg, 1.2 mg, and 0.6 mg treatment...’).

. Revise Section 3, ‘Dosage Forms and Strengths’ to include a statement, ‘Each pen delivers

30 doses of 0.6 mg, 15 doses of 1.2 mg, or 10 doses of 1.8 mg’.

. Delete all references to 0.6/1.2/1.8 mg, as this presentation omits units of measure and does

not clearly convey dosing information.

. Relocate the statement in Section 16, ‘How Supplied/Storage Handling” which reads, ‘Each

Victoza pen is for use by a single patient. A Victoza pen should never be shared between
patients even if the needle is changed’ to Sections 2 and 5, ‘Dosage and Administration’ and
“Warnings and Precautions’ respectively.

. Section 16, ‘How Supplied/Storage Handling’ revise the presentation of the packaging

configuration to read:

“Victoza is a sterile injectable solution packaged in the following pen delivery systems
available as:

Two pens per carton (NDC 0169-4060-12)

e 3 mL disposable multiple dose prefilled pen containing 18 mg liraglutide (6 mg/mL),
each pen providing 30 doses of 0.6 mg, or 15 doses of 1.2 mg, or 10 doses of 1.8 mg.

Three pens per carton (NDC 0169-4060-13)

e 3 mL disposable multiple dose prefilled pen containing 18 mg liraglutide (6 mg/mL),
each pen providing 30 doses of 0.6 mg, or 15 doses of 1.2 mg, or 10 doses of 1.8 mg.



Patient Instructions for Use and Medication Guide

The following comments were forwarded to the Division of Risk Management Patient Labeling
Team to be incorporated into their final review of the Patient Instructions for Use and Medication
Guide:

1. Patient Instructions for Use

a. Increase the size of the graphic image of the pen in the introduction section. As currently
presented, the graphic is small and uses small font to label each pen component, making it
difficult to read. Also, increase the font size used to label each pen part to make each
labeled part easier to identify.

b. Include terminology identifying the threaded cartridge tip where the needle is attached to
the pen in the diagram of the labeled pen parts.

2. Medication Guide

a. Begin section entitled, ‘Delivering the Dose’, with the first sentence reading, ‘Use injection
technique shown by your healthcare professional’.

b. Revise instruction # 1 under ‘Delivering the Dose’ to read, ‘Press down on the center of the
dose button to inject and keep the dose button pressed down until 0 mg in the dose display
window lines up with the pointer’.

¢. Revise instructions under ‘Delivering the Dose’ reminding patients not to cover the dose
display window with their fingers while injecting their dose so that they can see when the
dose counter reaches ‘0.

d. Revise the instruction, ‘Unscrew the needle’ to explain to patients/caregivers how to safely
unscrew the needle.

e. Include instructions in the section entitled, ‘How should I store Victoza’ telling patients to
write down the start date or expiration date since the product is only good for 30 days after
initial use.

4.2 COMMENTS TO THE APPLICANT

A.

Pen Label (Retail and Physician Samples)
1. Include a statement on the principle display panel that the pen is for single patient use only.

2. Include the total drug content statement, 18 mg/3 mL (6 mg/mL)’ following the dosage form
statement in accordance with USP requirements.

3. Revise the dose statement, ‘0.6/1.2/1.8 mg’ appearing to the right of the proprietary name to
read, ‘Pen delivers doses of 0.6 mg, 1.2 mg or 1.8 mg’, and relocate this statement to appear
on the principle display panel after the total drug content and concentration statement. As
currently presented, ‘0.6/1.2/1.8 mg’ lacks the units of measure following each dose and may
be misinterpreted to mean that the pen 1s a combination product that contains three different
active ingredients.

4. If space permits, revise the statement on the retail pen label, ‘Each prefilled pen contains
6 mg/mL and will deliver 10 doses of 1.8 mg’, to read ‘Each prefilled pen contains 6 mg/mL
and will deliver 30 doses of 0.6 mg or 15 doses of 1.2 mg or 10 doses of 1.8 mg’. Likewise
revise the corresponding statement on the physician sample label accordingly.
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EXECUTIVE SUMMARY

Liraglutide injection is an analogue of glucagon-like peptide (GLP-1) with 97% amino
acid homology to human GLP-1, indicated for treatment of type 2 diabetes mellitus. The
drug’s sponsor, Novo Nordisk, is currently seeking approval of a new drug application
for liraglutide, but concern exists about a potential safety problem because of an increase
in C-cell tumors of the thyroid gland found during the preclinical test phase in mice and
rats. In addition, an increased frequency of C-cell hyperplasia, a dose-related trend in
calcitonin levels (a biomarker of medullary thyroid cancer), and a numerical imbalance in
papillary thyroid cancer were found in patients exposed to liraglutide during phase 3
clinical trials. As a result, Novo Nordisk has proposed to conduct postmarketing studies
to determine if patients exposed to liraglutide have increased frequencies of medullary
thyroid cancer (MTC) and protocols have been submitted to the FDA.

The protocol entitled “Medullary Thyroid Carcinoma Surveillance Study: a Case-Series
Registry” was sent by the Division of Metabolic and Endocrine Products (DMEP) to the
Division of Epidemiology for review. A synopsis of the study and a critique follow in
the text below. In brief, the researchers propose to identify MTC cases from established
cancer registries and comprehensive cancer centers for inclusion in an MTC case series
registry. They also plan to monitor the incidence of MTC for a —— period after
liraglutide marketing, compare it with the national (background) incidence, and
interview cases about possible risk factors including liraglutide exposure.

Some limitations and concerns include the following:

e the contractor and staff are not identified and experience performing
similar studies are not provided,

e nonparticipation of cancer registries, patients, and physicians could
seriously limit sample size and missing reports of MTC associated with
liraglutide exposure would underestimate risk;

e difficulty may be encountered in detecting and interpreting changes in
MTC national background incidence;

e identifying deceased patients and obtaining exposure information from
proxies may be problematic;

¢ absence of controls could lead to difficulty interpreting results;
e data collected may not be representative of MTC cases; and
e no commitment is made to publish the results.

The protocol should acknowledge these i)roblems and, where remediable, offer possible
solutions. Some recommendations are provided in the text below. -

The most important limitation of this MTC case series registry might be nonparticipation
of cancer registries, patients, and physicians leading to missing cases and possible
underascertainment of liraglutide risk. Missing cases in the MTC case series registry

b(4)
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might be supplemented by timely reporting of MTC in liraglutide-exposed patients to the
FDA’s Adverse Event Reporting System (AERS) and case reports in the medical
literature. Consequently, the product information and the Medication Guide should
prominently display the FDA’s MedWatch contact information.

Of note, a similar “case series study established to monitor at least 40% of osteosarcomas
occurring annually in men and women older than 40 years old who reside in the United
States” (1) to detect an association of osteosarcoma with teripatide (Forteo), apparently
has not detected any cases, although two cases of osteosarcoma following teripatide
exposure have been reported in the medical literature (1, 2). The first case involved a
“postmenopausal woman in her 70s with a complex past medical history” initially
reported to a Lilly sales representative (2). The second teripatide-exposed osteosarcoma
case was a 67-year-old man with a history of radiation therapy who used teripatide two
months before his diagnosis of osteosarcoma, according to clinicians at the University of
Texas M.D. Anderson Cancer Center (1). The two cases were among the “more than
430,000 persons who have received teripatide for treatment of severe osteoporosis” (1).

1 BACKGROUND

Glucagon-like peptide (GLP-1) is an incretin hormone secreted by the L-cells in the
lower gut which stimulates endogenous insulin secretion in a physiologic, glucose- .
dependent manner. Liraglutide is an analogue of GLP-1 with 97% amino acid homology
to human GLP-1. This injectable drug, indicated for treatment of type 2 diabetes
mellitus, stimulates insulin secretion, lowers inappropriately high glucagon secretion in a
glucose-dependent manner, and improves beta-cell function.

The new drug application for liraglutide injection is currently being reviewed in the
Division of Metabolic and Endocrine Drug Products (DMEP). Concern exists about a
potential safety problem because of an increase in C-cell tumors of the thyroid gland
found during the preclinical test phase in mice and rats. In addition, according fo a
review by Karen Mahoney, M.D., DMEP, an increased frequency of C-cell hyperplasia,
a dose-related trend in calcitonin levels (a biomarker of medullary thyroid cancer), and a
numerical imbalance in papillary thyroid cancer were found in patients exposed to
liraglutide during phase 3 clinical trials. Furthermore, a small increase in major
cardiovascular events occurred with liraglutide compared to placebo. Dr. Mahoney also
noted imbalances not favoring liraglutide for gastrointestinal adverse events, pancreatitis,
serious neoplasm events (besides nonmalignant neoplasms and papillary thyroid), thyroid
neoplasms, serious hypoglycemic events, injection site reactions, immunogenicity events
including urticaria, hepatobiliary events, increased heart rate, animal fetal anomalies, and
nonserious adverse events of dizziness and fatigue. She also noted liraglutide antibody
formation with possible predispostion to infections and musculoskeletal pain, slowing of
gastric emptying with pharmacokinetic effects on other drugs, and a potential for
medication errors and off-label use/abuse. Dr. Mahoney does not recommend approval at
this time.

In response to these adverse events, Novo Nordisk stated that, “Several potential rare
safety signals described in the liraglutide new drug application may require further
assessment through post marketing surveillance of a large patient group,” and the



company submitted to the FDA a risk evaluation and mitigation strategy (REMS). Also
appended were two protocols to evaluate the post-marketing safety of liraglutide.

One protocol involved a prospective active surveillance program to monitor the annual
incidence of medullary thyroid cancer (MTC) and to establish a registry of incident MTC
cases in adults in the U.S. to characterize their medical histories and risk factors including
history of treatment with liraglutide.

DMEP sent a consult request to the Division of Epidemiology, Office of Surveillance and
Epidemiology, to evaluate this protocol. A synopsis of the study and its evaluation
follow.

2 MATERIALS REVIEWED

The protocol entitled “Medullary Thyroid Carcinoma Surveillance Study: a Case-Series
Registry” was reviewed. ‘

3 RESULTS
3.1 Synopsis of study

This protocol describes plans for an active surveillance program and case-series registry

to identify incident cases of MTC that occur in the U.S. and describe the characteristics

of those cases. This post-approval active surveillance program for MTC will be

established to further evaluate whether there is an association between treatment with

liraglutide and the occurrence of MTC in humans. The study will be conducted for up to b(@l
—— after the approval of liraglutide. The protocol states that there are two

objectives:

¢ To systematically monitor the annual incidence of MTC in the U.S.
through the North American Association of Central Cancer Registries
(NAACCR) to identify any possible increase related to the introduction of
liraglutide into the U.S. market

® To establish a registry of incident cases of MTC in adults in the U.S. in
order to characterize their medical histories and possible risk factors,
including history of liraglutide

Although not specifically stated in the protocol, it appears that the MTC surveillance
program and case-series registry will be conducted under a contract to- — b ( 4 }

Cases will be identified from state/regional population-based cancer registries through the
NAACCR. Cancer registries that have an average of at least 10 reported cases of MTC
per year and meet the NAACCR’s standards for data collection and timeliness will be
invited to participate in the surveillance program. In areas where a population-based
registry is unable or unwilling to participate, comprehensive cancer center registries may
be directly invited to participate. According to the protocol, 40 states have longitudinal
MTC data and at least 14 states will be asked to participate in the MTC case series
registry, representing a total of 1789 (75.3%) of the 2375 MTC cases reported historically
from 2001-2005.



NAACCR monitors the annual incidence rates of various cancer sites including MTC,
and incidence rates from 2001 until the time of the U.S. market introduction of liraglutide
will serve as a baseline. Based on a personal communication from the NAACCR, the
protocol reported that the age-adjusted rate of MTC for the period 2001 through 2005 in
the U.S. was 0.2 per 100,000. Annual rates from all population-based cancer registries
included in NAACCR will be documented for the 10-year period after liraglutide
approval. Trends by age and gender will be examined to identify any possible increases.

MTC cases will be identified using the specific histologic criteria for classification of
MTC based on the International Classification of Diseases for Oncology, 3™ edition
(ICD-0-3) codes.

Each participating cancer registry will be asked to identify all cases of MTC that occur as
soon as possible after diagnosis (based on the registry’s specific standard operating
procedures). A contract will be established with each cancer registry willing to
participate in the MTC case series registry and compensation will be provided to each
cancer registry for identifying the patients and physicians to be recruited. Each
participating registry or cancer center will be required to obtain Institutional Review
Board or Ethics Committee approval of the protocol prior to inclusion of cases in the
MTC registry. ‘

Protocols for recruiting patients into the MTC case series registry will be developed
based on the requirements of the reporting cancer registry. There are two scenarios that
each participating cancer registry or cancer center can use for recruiting patients: direct
invitation of patients or recruitment through the diagnosing physician. In cancer
registries that allow direct patient contact, the participating cancer registry will be asked
to send a written invitation to the patient to participate in the MTC case series registry
and contact the patient directly to explain the study and to request consent to release
his/her name to a Study Coordinating Center (SCC). The patient’s physician as indicated
in the cancer registry would then be notified of the MTC registry as a courtesy.

After patient informed consent is obtained by the cancer registry staff, patient identifying
data will be transferred to the SCC staff who will contact the patient by telephone, further
explain the study, and confirm his/her consent to participate. Data provided by the cancer
registry about the incident MTC case will include demographic information, clinical data
about the cancer, and vital status including date of death, if deceased. The telephone
interview will be conducted by a trained interviewer using a standard questionnaire to
obtain additional information from the patient (or his/her proxy) including: additional
demographic factors, family history of cancer (including history of MEN 2A or MEN 2B,
history of familial MTC, history of RET proto-oncogene mutations), results of RET
proto-oncogene testing, comorbid conditions (type 2 diabetes mellitus, previous history
of cancer), diabetes medication exposures (including liraglutide and other GLP-1
agonists) with dose and duration of use, other medication exposures, events leading to
diagnosis (e.g., calcitronin screening, thyroid nodule, thyroid ultrasound, thyroid scan,
fine needle aspiration, surveillance related to family history), radiation exposures,
lifestyle factors such as smoking and alcohol use, environmental exposures from
occupational history and radioiodine exposure, and nuclear fallout.



If the patient is unable to provide sufficient medical history and risk factor data, he/she
will be asked to identify his/her primary care physician and oncologist and a release of
information form will be sent to the patient to allow the SCC to contact the physician(s)
and obtain information. If the patient is unable to participate in the phone interview,
he/she will be asked to indicate a family member or caregiver familiar with his/her
medical history who may be contacted to participate. Patients who complete the
interview will be compensated with a payment of $25.

For state or regional cancer registries that are unable to directly contact a patient, the
patient’s physician identified in the cancer registry records will be asked to provide the
required information for the MTC case series registry or to directly recruit the patient.
The cancer registry will send a written invitation to the physician to participate. Ifthe
physician agrees, he/she will be provided with a written invitation to send to the patient
asking him/her to call the SCC and enroll in the study. -

If the physician is unwilling to contact the patient, he/she will be asked to provide the
required data directly without specific patient identifiers. The SCC will send data
collection forms to the physician requesting the patient’s initials, gender, and year of
birth. Alternatively, the physican will be directed to the study website for entry of data
online. :

If allowed by the cancer registry, the physician will be contacted to complete a data
collection form for any patient who is deceased.

Incident MTC cases will come from each reporting NAACCR registry or comprehensive
cancer center supplied in the NAACCR format. According to the protocol, the basic
NAACCR dataset will be provided for each case so that the characteristics of patients not
included in the MTC case series registry (those who do not consent to the interview) can
be compared with those who are included.

Using data supplied by NAACCR for 2001 through 2005, and assuming the 14 areas
having large numbers of cases of MTC continue to have them, then approximately 358
patients will be identified per year for posible inclusion in the MTC registry. However,
the actual number of participating patients is expected to be “somewhat smaller.”

The demographic and clinical characteristics of all identified cases of MTC will be
summarized using descriptive statistics. Characteristics of cases included in the MTC
case series registry will be compared to those not included. Comparisons will be done
within the originating cancer registry and the overall NAACCR database.

The hypothesis of intensified screening for identification of MTC cases will be explored
in the analysis.

Descriptive statistics will be used to characterize potential risk factors, including drug
exposures, radiation exposure, lifestyle factors, environmental exposures and other
characteristics (including family history of MEN syndromes or familial MTC history).
For patients with diabetes, liraglutide exposure will be characterized by dose and duration
prior to the diagnosis of MTC.

The MTC case series registry will be approved by the required central or local
Institutional Review Board (IRB) prior to any registry activities being initiated bya
reporting cancer registry.



A registry data monitoring committee will be established to review the data from the
MTC registry over time amd make recommendations to Novo Nordisk regarding its
conduct. The Data Monitoring Committee in consultation with Novo Nordisk and the
FDA will be responsible for making the determination to initiate a case-control study if
warranted.

Data on the progress of the study will be provided to the FDA at 12 months after the
approval of liraglutide and annually. The reports will include an evaluation of the
effectiveness of surveillance in meeting the objective of successfully obtaining data for a
substantial proportion of the incident cases of MTC in adults in the U.S. A final study
report will be provided to the FDA within 6 months of completion of the study.

3.2 Reviewer's comments

1) Contractor and staff not identified and previous experience with similar studies not b 4)
provided (

The protocol used ~ stationary with the acronym -~ at the top of each page, but it
did not state what organization and staff will conduct the study and the staff’s
qualifications. From an internet search, it seems likely that -
- a contractor used by pharmaceutical companies to perform epidemiological
research. Protocols should include the name of the contractor and staff credentials and
mention any previous experience with similar studies.

Of note, a similar “case series study established to monitor at least 40% of osteosarcomas
occurring annually in men and women older than 40 years old who reside in the United
States™ (1) to detect an association of osteosarcoma with teripatide (Forteo), apparently
has not detected any cases, although two cases of osteosarcoma following teripatide
exposure have been reported in the medical literature (1, 2). The first case involved a
“postmenopausal woman in her 70s with a complex past medical history” initially
reported to a Lilly sales representative (2). The second teripatide-exposed osteosarcoma
case was a 67-year-old man with a history of radiation therapy who used teripatide two
months before his diagnosis of osteosarcoma, according to clinicians at the University of
Texas M.D. Anderson Cancer Center (1). The two cases were among the “more than
430,000 persons who have received teripatide for treatment of severe osteoporosis” (1).

2) Participation of cancer registries and comprehensive cancer center registries

The study’s objective, to define the incidence of MTC in the U.S., would be seriously
compromised if there is poor participation of cancer registries and comprehensive cancer
center registries. The protocol states that cancer registries that have at least 10 reported
cases of MTC per year and meet the NAACCR standards for data collection and
timeliness will be invited to participate. It also stated that in areas where a population-
based registry is unable or unwilling to participate, comprehensive cancer center
registries may be directly invited to participate. At least 14 states will be asked to
participate in the MTC case series registry, representing a total of 1789 (75.3%) of the
.2375 cases reported historically from 2001-2005. If even a few of the 14 states refuse
participation, the rate might drop to around 50%. '

The protocol does not state whether similar case series registries have been undertaken
previously using NAACCR data, and what the participation rate was or can be expected



to be. This information should have been included in the protocol. If this is the first time
that the NAACCR is engaging in this type of study, this should have been stated.

Sensitivity analyses showing various participation rates should have been presented.

The protocol states that compensation will be provided to each registry for the work
involved in identifying and recruiting patients and physicians. The question arises
whether the compensation will be incentive enough to enhance cancer registry
participation rates. Pilot testing might be performed to determine if the amount offered
will be enough to enhance participation.

3) Participation of patients

This study and its objectives will be significantly compromised if there is poor
enrollment/participation of patients. Many studies do not achieve desired participation
rates when patients are contacted for consent to enroll in a study and to provide and
release personal medical information over the telephone. The protocol should have stated
the number of telephone call back attempts (with varying times of day) that will be made
before the patient is counted as a non-respondent.

The protocol should have stated the expected range of patient participation rates and the
resulting sample sizes. Patients will be offered an incentive of $25 to complete the
telephone interview. Pilot testing might be performed to determine if the amount offered
~ is enough to enhance participation.

4) Participation of physicians

In situations where a state or regional cancer registry is unable to directly contact a
patient, the cancer registry staff will ask the patient’s physician identified in their records
to provide the desired patient information for the MTC case series registry or to directly
recruit the patient. If physicians fail to recruit patients or provide patient information, the
study will be seriously compromised.

When allowed by the cancer reporting registry, physicians will be contacted to complete
a data collection form for any patient who is deceased. The protocol should state what
proportion of cancer registries will allow this contact, and provide a range for the
expected participation rate in completing the data collection form.

5) Sample size, missing reports, and reporting to AERS

Sample size might be low since, as stated above, it will depend on the joint participation
of cancer registries, physicians, and patients. Sensitivity analyses showing various
assumptions for participation rates, relative risks, and latency periods for the
development of MTC should have been presented.

Because MTC is rare, missing even a couple of cases of MTC in liraglutide-exposed
patients could lead to serious underascertainment of risk.

Missing cases in the MTC case series registry might be supplemented by timely reporting
of MTC in liraglutide-exposed patients to the FDA’s Adverse Event Reporting System
(AERS). Consequently, the product information and the Medication Guide should
prominently display the FDA’s MedWatch contact information.
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6) Possible difficulty in detecting a change in MTC incidence and interpretation of any
change

If liraglutide use is relatively low, it may not be possible to detect a change in MTC
incidence even if the drug causes MTC.

Furthermore, if the national (background) incidence of MTC changes during the study
period compared with the baseline period, it may be difficult to determine that the change
is due to liraglutide. The protocol should acknowledge problems with the interpretation
of ecological data.

7) Lag time between diagnosis and cancer registry registration

From data accumulated by the NAACCR, the protocol should have stated what the
average lag time is between the date of diagnosis and the reporting of MTC to the cancer
registry. '

8) Detection of double counting of patients ‘

Since there might be overlap between data accumulated by NAACCR and

comprehensive cancer center registries, the cancer registry and Study Coordinating
Center staffs should be aware of, and try to avoid, any double counting of patients.

9) Identifying deceased patients and obtaining exposure information

The protocol should state if patients diagnosed with MTC at death are included in the
cancer registries. If possible, the proportion of patients diagnosed at death with MTC
should be provided.

Obtaining anti-diabetic exposure information about deceased patients may be difficult,
and misclassification of exposure is a potential problem.

10) Collecting additional data on thyroid conditions

The Study Coordinating Center will collect additional demographic data, medical history,
and exposure information by telephoning the patient or his/her proxy. In addition to the
list of information requested, I suggest that history of other thyroid conditions be added
including hypothyroidism and hyperthyroidism. I also suggest that weight and height
information be added to the list of lifestyle factors.

The protocol should specifically state if all anti-diabetic medications including insulin
will be requested from the patient and his/her proxy.

The protocol should state the relevant time period for data collection (e.g., ever
antidiabetic use, use in the past five years, etc.).

11) Use of proxies to obtain data and probability of missing information

Unless the proxy is the spouse of the patient with MTC, he/she is unlikely to know the
answers for much of the information requested. Consequently, use of proxies is likely to
be associated with more missing and lower quality data.

12) Interpretation of data due to absence of controls

Since no control data will be collected, causality assessment will likely be problematic.
The Data Monitoring Committee, in consultation with Novo Nordisk and the FDA, will
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decide if a case-control study is warranted. In anticipation of the need for such a study,
the protocol should state what controls might be appropriate.

13) Representativeness of data

Since the data on MTC will not be a total count of cases nor a scientific sample from
cancer registries, they may not be a reliable estimate of the incidence of MTC in the U.S.
The protocol should acknowledge this. Performing demographic comparisons between
cases included and not included may help determine the representativeness of those
included.

14) Publication of data

The protocol states that a final study report will be provided to the FDA within 6 months
of the completion of the study.

Novo Nordisk and should commit to a plan to publish the data to make
publicly available more information on MTC incidence and potential etiology as well as
procedural and methodological issues involved in setting up a case series registry for a
rare event.

4 SUMMARY

Because of an increase in C-cell tumors of the thyroid gland in mice and rats during the b(4 }
liraglutide preclinical test phase, and an increased frequency of C-cell hyperplasia, a

dose-related trend in calcitonin levels, and a numerical imbalance in papillary thyroid

cancer in patients exposed to liraglutide injection during phase 3 clinical trials, Novo

Nordisk has proposed to conduct postmarketing studies to determine if patients exposed

to liraglutide have increased frequencies of MTC. As a result, the protocol entitled

“Medullary Thyroid Carcinoma Surveillance Study: a Case-Series Registry” was

reviewed.

In brief, the researchers plan to identify MTC cases from established cancer registries and
comprehensive cancer centers for inclusion in an MTC case series registry. They also

plan to monitor the incidence of MTC for a ' ——— period after liraglutide marketing, W}
compare it with the national (background) incidence, and interview cases about possible

risk factors including liraglutide exposure.

A number of limitations are provided in the text above. The most important limitation of
this MTC case series registry might be nonparticipation of cancer registries, patients, and
physicians leading to missing cases and possible underascertainment of liraglutide risk.

Missing cases in the MTC case series registry might be supplemented by timely reporting
of MTC in liraglutide-exposed patients to the FDA’s Adverse Event Reporting System
(AERS). Consequently, the product information and the Medication Guide should
prominently display the FDA’s MedWatch contact information.
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EXECUTIVE SUMMARY

Liraglutide is a human glucagon-like peptide-1 (GLP-1) receptor agonist developed as a
treatment for type 2 diabetes mellitus. Following its launch in the U.S., Novo Nordisk
plans active adverse drug event surveillance by comparing liraglutide with other anti-
diabetic agents using the i3 Aperio database. The company also plans to use the database
for longitudinal follow-up to five years of patients éxposed to liraglutide and comparison
drugs for specific outcomes including the primary outcome, thyroid cancer, and
secondary outcomes, pancreatitis, serious hypoglycemia, and cardiovascular diagnoses.

The protocol that presents the company’s plans was reviewed and a number of issues
were identified and are discussed in detail below. The most important include: difficulty
interpreting results when only drugs within the same class are compared,
misclassification of outcomes, possible inadequate sample size and statistical power,
incomplete mortality data, possible selection bias, misclassification of exposures, the
absence of a specific ICD code for medullary thryoid cancer necessitating access to
medical and histological records to determine the type of cancer, possible inability to
obtain medical records for validation purposes, missing information about potentially
important confounders, and difficulty interpreting multiple tests of significance.

The most important limitation is likely to be an insufficient sample size and statistical
power to adequately evaluate an association between liraglutide and the primary
outcome, thyroid cancer and particularly the more lethal and rarer medullary thyroid
cancer. v

In general, after several years of operation, the i3 Aperio database is not known for its
ability to identify new serious adverse drug events. Epidemiologists within FDA who
have used the i3 Aperio database have not found it to be particularly useful in this
respect.

1 BACKGROUND

Glucagon-like peptide (GLP-1) is an incretin hormone secreted by the L-cells in the
lower gut which stimulates endogenous insulin secretion in a physiologic, glucose-
dependent manner, and liraglutide is an analogue of GLP-1 with 97% amino acid
homology to human GLP-1. This injectable drug stimulates insulin secretion and lowers
inappropriately high glucagon secretion in a glucose-dependent manner and improves
beta-cell function. It is developed for treatment of type 2 diabetes mellitus.

The new drug application for liraglutide injection is currently being reviewed in the
Division of Metabolic and Endocrine Drug Products (DMEP). Concern exists about a
potential safety problem because of an increase in C-cell tumors of the thyroid gland
found during the preclinical test phase in mice and rats. In addition, according to a
review by Karen Mahoney, M.D., DMEP, an increased frequency of C-cell hyperplasia,
a dose-related trend in calcitonin levels (a biomarker of medullary thyroid cancer, the



human equivalent of C-cell carcinoma in rodents), and a numerical imbalance in papillary
thyroid cancer were found in patients exposed to liraglutide during phase 3 clinical trials.
Furthermore, a small increase in major cardiovascular events occurred with liraglutide
compared to placebo. Dr. Mahoney also noted imbalances not favoring liraglutide for
gastrointestinal adverse events, pancreatitis, serious neoplasm events (besides
nonmalignant neoplasms and papillary thyroid), thyroid neoplasms, serious
hypoglycemic events, injection site reactions, immunogenicity events including urticaria,
hepatobiliary events, increased heart rate, animal fetal anomalies, and nonserious adverse
events of dizziness and fatigue. She also noted liraglutide antibody formation with
possible predispostion to infections and musculoskeletal pain, slowing of gastric
emptying with pharmacokinetic effects on other drugs, and a potential for medication
errors and off-label use/abuse. Dr. Mahoney does not recommend approval at this time.

In response to the adverse events observed in liraglutide clinical trials, Novo Nordisk
stated that, “Several potential rare safety signals described in the liraglutide new drug
application may require further assessment through post marketing surveillance of a large
patient group” and the company submitted to the FDA a risk evaluation and mitigation
strategy (REMS). Also appended were two protocols to evaluate the post-marketing
safety of liraglutide.

One protocol involved a prospective cohort study of adult diabetic patients using a large
healthcare database from a U.S. managed care population. According the company, the
aim of the study is “to describe and monitor the safety profile of liraglutide and compare
incidence of adverse events with other similar anti-diabetic medications.” The study will
commence after the drug’s market approval in the U.S. and will use data of the i3 Aperio
system. It is planned to continue for five years.

DMEP sent a consult request to the Division of Epidemiology, Office of Surveillance and
Epidemiology, to evaluate this protocol. A synopsis of the study and its evaluation
follow.

2 MATERIALS REVIEWED

The protocol entitled “A Health Care Database Study Using i3 Aperio to Evaluate Safety
of Liraglutide” (trial ID: NN2211-3784) was reviewed.

3 RESULTS
3.1 Synopsis of study

This safety surveillance study. will use the i3 Aperio database to compare liraglutide with
other anti-diabetic drugs for a wide range of safety outcomes

The primary outcome of interest is:
e thyroid cancer
Secondary outcomes include:
e serious hypoglycemia that results in medical care

* pancreatitis



* macro-vascular conditions (myocardial infarction, ischemic heart disease,
coronary artery bypass grafting, PTCA, other surgeries, lower limb
amputation, stroke, and heart failure)

* micro-vascular conditions (blindness, retinopathy, nephropathy,
neuropathy, peripheral vascular disease) and

e thyroid events

The i3 Aperio data originate from the Ingenix National Health Informatics (NHI)
database, a proprietary data environment with longitudinal health care information
containing claims and health plan enrollment data dating back to 1993 that offers
linkages among patient and physician survey data, pharmacy and medical claims, medical
record data, socioeconomic measures, and clinical laboratory results. For year 2006, data
relating to more than 14 million individuals with both medical and pharmacy benefit
coverage are available. The patient population is geographically diverse across the
United States and is updated frequently.

For the NHI, medical claims data are collected from all available health care sites
(inpatient hospital, outpatient hospital, emergency room, physician’s office, surgery
center, etc.) for virtually all types of provided services, including specialty, preventive,
and office-based treatments. Each facility service record contains information on up to
nine diagnoses recorded with the the International Classification of Diseases, Ninth
Revision (ICD-9-CM) diagnosis codes, and up to six procedures recorded with ICD-9-
CM procedure codes, Current Procedural Terminology (CPT), or Health Care Financing
Administration (HCFA) Common Procedure Coding System (HCPCS) codes. The NHI
data do not include drugs administered in a hospital.

Each individual provider service record contains information on up to four diagnoses
recorded with ICD-9-CM codes, and one procedure code recorded using CPT or HCPCS
codes. Incorporation of medical claims data in the NHI database requires about six
months to capture 95% of the data.

Pharmacy service claims are typically submitted electronically by the pharmacy at the
time prescriptions are filled. Pharmacy claims data are included in the NHI database
within approximately six weeks of payment of the underlying claim.

Laboratory test results are available “for subpopulations of the research database.”
Results included are typically from “blood-borne tests.” Standard Logical Observation
Identifier Names and Codes (LOINC) are used to define specific tests and results.

The main inclusion criteria for study subjects will be health plan membership with
pharmacy benefit, >18 years old, and a diagnosis of type 2 diabetes “treated with one or
more oral antidiabetic drugs” for the previous three months using any of the following
drugs or combinations: liraglutide, metformin, exenatide, sulfonylureas, sitagliptin,
rosiglitazone, and pioglitazone. Subjects will be required to have six months of
continuous health plan enrollment before the date of their first pharmacy claim for an
antidiabetic drug to allow time to evaluate baseline conditions of study subjects.

Data accrual will start after liraglutide appro‘val in the U.S. and health plan members
receive dispensings of the drug. Follow-up will be for at least three years with options of



extending to five years or more. The frequency of generating interim reports will be
determined after consultation with regulatory agencies. For the i3 Aperio system, the
shortest interval for generating interim reports is every three months.

Claims data will be extracted from NHI by Drug Safety staff for the study population and
will be prepared for the i3 Aperio format and loaded into the i3 Aperio data system.
Through a comprehensive level subscription, de-identified data sets will be transferred to
Novo Nordisk for further analysis.

All patients exposed to liraglutide meeting the inclusion criteria will be included. The
protocol states that “Approximately 5,000 active subjects exposed to liraglutide in the
database per year and approximately 25,000 subjects exposed to liraglutide in 5 years are
expected.” Subjects exposed to metformin, exenatide, sulfonylureas, sitagliptin,
rosiglitazone, and pioglitazone are already in the database. Based on propensity score
matching, the same numbers exposed to these comparators will be included in 1:1 ratio.
So the total sample size will be approximately 150,000 in 5 years.”

Data used for propensity score matching that may be associated with the decision to
prescribe therapy with liraglutide as opposed to a comparator drug include age, sex,
geographic region, measures of health care utilization, inpatient or physician diagnosis
codes, procedures performed, and categories of drugs dispensed during the six months
before the date of drug initiation. The comparison cohorts will be liraglutide versus each
of the following: exenatide, sitagliptin, metformin, rosiglitazone or pioglitazone, and a
sulfonylurea. For study subjects in each comparison, a propensity score is then estimated
for each member of the liraglutide or comparator initiator cohort using a logistic
regression model with group status (liraglutide or comparator) as the outcome and all
identified predictors of therapy as independent variables. Further details of the
propensity score matching and analysis process are provided within the protocol.

The six months before drug initiation including the drug initiation date itself comprise the
baseline period. The two cohorts (liraglutide initiators and comparator initiators) are
followed indefinitiely as long as the patient is an active health plan member regardless of
persistency in antidiabetic drug and switching between different antidiabetic agents.
Outcome events occur after baseline from one day through the entire open-ended follow-
up period after the drug initiation date. Treatment-emergent events are defined as those
not found for the same patient during the baseline period. Patients’ claims are followed
for one year or until the end date of the current claims data or until the disenrollment date
whichever is earliest.

With a subscription to i3Aperio, Novo Nordisk will have access to a standard set of
baseline and outcome tables. The tables and analytic tools are accessed through a web-
based interface (www.i3aperio.com) and controlled through account specific user names
and passwords. For each outcome event, the magnitude of the difference in frequency of
the event between liraglutide and comparator initiator cohorts stratified by baseline
attributes will be presented in the tables as a relative risk estimate with nominal 95%
confidence bounds. According to the protocol, “Poisson regression analysis, Kaplan-
Meier estimation, and Cox proportional hazards regression analysis will be conducted to
estimate adjusted rates, relative risks, cumulative hazards, and hazard ratios.”



The i3 Aperio system also presents a score that summarizes the magnitude and statistical
uncertainty of the association between the event and the drug exposure (liraglutide or
comparator). Scores are defined as zero if the number of patients with the emergent code
is equal to the expected number (based on the total number of events and the total number
of liraglutide and comparator drug initiators). Scores are a positive value if the event is
more frequent in the liraglutide cohort than the comparator cohort, and a negative value if
the event is more frequent in the comparator cohort than in the liraglutide cohort.

In addition to the standard analyses, a stratified analysis can be conducted based on user-

defined baseline attributes (e.g., age, sex, geographical region, baseline diagnosis,

procedures, and therapeutic drug class). Users also may restrict emergent diagnoses,

procedures, and dispensed drug classes to the events that occurred during intervals (1-7

days, 8-29 days, 30-89 days, and 90-365 days) from the first dispensing of the drug of
interest.

For 25 or fewer events, the web-based i3 Aperio system allows the user to view the de-
identified claims history of specific patients to provide further clinical perspective. In
addition, the i3 Drug Safety staff has developed “a robust process™ to obtain medical
records for review from medical care providers after ethical review by an Institutional
Review Board for privacy protection considerations. However, a separate contract is
needed to conduct medical record reviews.

Novo Nordisk will communicate results to the FDA and regulatory authorities “at agreed
time intervals.” The protocol also states that Novo Nordisk commits to communicating
or otherwise making available for public dislosure (publication in a scientific journal,
abstract submission with a poster or oral presentation at a scientific meeting, etc.) of
results of studies regardless of outcome.

3.2 Reviewer's comments
1) Interpretation of results when comparing only drugs within a class

To determine a drug’s unique profile of adverse events, it is useful to not only compare
drugs within the same therapeutic class, but also to compare those that are not within the
same therapeutic class. Drugs within the same therapeutic class often have similar
adverse event profiles and, therefore, no important adverse event differences are found;
however, differences are more likely found when comparing drugs that are not in the
same therapeutic class. Therefore, one cannot conclude that a drug does not have an
adverse event based on a comparison with other drugs in the same class, but only that no
large differences exist among the drugs in frequencies of the adverse event. As a result, it
would be useful if the i3 Aperio system also allowed for.comparison of liraglutide with
other chronically used drugs outside its therapeutic class (e.g., antihypertensives or
cholesterol-lowering drugs).

2) Rule out or provisional diagnoses and misclassification of outcome

While i3 Aperio might be useful as a safety surveillance tool, it would not provide
definitive results because it is expected that a large proportion of diagnoses will be “rule
out” or provisional diagnoses with misclassification of outcomes. A recent study by i3
Drug Safety staff that concerned validation by medical records of acute pancreatitis
diagnosis codes indicated that the predictive value positive was 49% (1). In the i3 Aperio



 study, the primary outcome of interest, thyroid cancer, and most secondary outcomes
including pancreatitis, myocardial infarction, ischemic heart disease, stroke, heart failure,
retinopathy, nephropathy, neuropathy, and peripheral vascular disease would require
validation by medical records.

3) Absence of ICD code for medullary thyroid cancer

There is no International Classification of Diseases (ICD) code specific for medullary
thyroid cancer. Consequently, any thyroid cancers that are identified in this study would
require that medical and histological records be obtained to identify the type of cancer.
This should be stated explicitly in the protocol.

4) “Thyroid events” as an outcome

The protocol should specify what “thyroid events,” in addition to thyroid cancer, are of
interest and would be analyzed using i3 Aperio.

5) Sample size and statistical power

The protocol states that “Approximately 5,000 active subjects exposed to liraglutide in
the database per year and approximately 25,000 subjects exposed to liraglutide in 5 years
are expected.” Subjects exposed to metformin, exenatide, sulfonylureas, sitagliptin,
rosiglitazone, and pioglitazone are already in the database. Based on propensity score
matching, the same numbers exposed to these comparators will be included in 1:1 ratio.
So the total sample size will be approximately 150,000 in 5 years.”

The protocol does not provide any basis for its estimation of 5,000 subjects exposed to
liraglutide per year, 25,000 over 5 years, and the sample size for all anti-diabetics of
150,000 in 5 years. The company should provide some basis for its exposure estimates.
Also, it should provide estimates of the range of exposure to liraglutide and perform
calculations using these ranges to estimate statistical power for the ability to detect
differences in drugs for thyroid cancer incidence. Based on the National Cancer
Institute’s Surveillance, Epidemiology, and End Results (SEER) data for 2002-2006 (2),
the age-adjusted annual incidence rate of invasive thyroid cancer for all ages, both sexes,
and all races was 9.6 per 100,000 population, and for individuals < 65 years old, it was
8.7 per 100,000 population, or about 1 per 11,500 population (2). Furthermore,
medullary thyroid cancer, the human equivalent of C-cell carcinoma in rodents and the
greatest concern because of its case-fatality rate, accounts for a fairly small proportion of
thyroid cancer overall, estimated at 1.6% to 5%. According to a separate protocol
submitted by Novo Nordisk concerning active surveillance of medullary thyroid cancer
with a personal communication from the North American Association of Central Cancer
Registries, the age-adjusted rate in the U.S. for the period 2001 through 2005 was 0.2 per
100,000. Consequently, unless exposure to liraglutide and the risk of thyroid cancer in
liraglutide-exposed patients is high and the latency period for thyroid cancer is relatively
short, very few cases of thyroid cancer and probably no cases of medullary thyroid cancer
will be identified over the five-year study period.

Besides thyroid cancer, other rare outcomes also would be unlikely to be detected.

6) Representativeness and generalizability of the findings



Since i3 Aperio uses data from the Ingenix National Health Informatics (NHI) database
of medical claims from mostly employed individuals who are generally < 65 years of age,
the findings would be most applicable to this group.

7) Lack of complete mortality data

Deaths that occurred in a hospital affiliated with Ingenix NHI would result in a claim in
the database; however, if a death occurred outside of an affiliated hospital (as often is the
case) and without the plan’s coverage, no claim would be filed and neither the fact of
death nor the cause of death would be identified in the NHI or in the i3 Aperio systems.
The sponsor might be able to remedy this by accessing the Nation] Death Index of the
National Center for Health Statistics to identify the fact and causes of death of included
patients, especially those who are lost to follow-up.

8) Inclusion/exclusion of patients taking insulin

Although the protocol states that type 2 diabetes subjects who are >18 years of age and
treated with one of more oral antidiabetic drugs for the last 3 months and satisfy the
enrollment criteria can be included in the study, it does not specify if patients who use
insulin concomitantly with the study drugs will be included or excluded. A statement
should be made regarding whether concomitant insulin will be an inclusion or exclusion
criterion, and, if included, how concomitant insulin use data will be analyzed (e.g., by
stratification or adjustment).

9) Selection bias and injectable antidiabetic agents

In analyses, liraglutide, an injectable antidiabetic agent, will be compared 1:1 with mostly
oral antidiabetic agents. Since it’s likely that persons using an injectable product have
more serious diabetes, analyses should be presented to show that propensity score
matching takes account of increased severity of diabetes in liraglutide-exposed patients
ie., by comparing the drugs at baseline and after propensity score matching. Also, the
analyses should provide the number of patients that were not able to be matched and were
excluded from the analyses.

10) “Intent to treat analysis” and exposure misclassification .

The protocol states that “Although patients may switch from one drug to the other after
the first dispensing of a drug of interest, the principle of intent to treat analysis will be

- followed, such that each patient is assigned to a cohort according to the first dispensing of
a drug of interest.” Further it states that “The two cohorts (liraglutide and comparator
initiators) are followed indefinitely as long as the patient is an active health plan member,
regardless of persistency in antidiabetic drug and switching between different antidiabetic
drugs.” Consequently, since discontinuation and switching of antidiabetic agents is
expected, exposure misclassification over time is likely, resulting in problems with
interpretation of positive findings.

The protocol should discuss the rationale for an intent to treat analysis as compared with
a time to event analysis that takes discontinuation, switching, and duration of medication
use into account.

11) Possible inability to obtain medical records for validation purposes
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Although the protocol states that i3 Drug Safety staff has been successful in obtaining
medical records to validate diagnoses, it does not state what their usual success rate is.
This should have been stated, since in some studies the rate of obtaining medical records
has been as low as 50%.

12) Lack of information on testing for balance following propensity score matching

The i3 Aperio system should show statistically significant differences between liraglutide
and the comparator drug at baseline and after propensity score matching to show the
effect of the matching process. The number of individuals who could not be matched and
remain outside of the analyses should be provided.

13) Missing information for potentially important confounders

The protocol acknowledges that “given the potentially wide range of outcomes of interest
to be evaluated, there may be important confounders for certain outcomes that may not be
measured and adequately controlled for in the design and analysis.” Important
confounders that would be likely missing over time in claims data include cigarette
smoking, body mass index, alcohol use, illegal drug use, non-prescription drug use, etc.

14) Latency of claims data

While pharmacy claims data are included in the database within about six weeks of
payment of the underlying claim and laboratory tests are generally added within six
weeks of the test, six months is required to capture 95% of medical claims data. Since
the study is planned to be ongoing for five years, this does not appear to be an important
limitation.

15) Difficulty interpreting multiple tests of significance

Because a wide range of outcomes will be compared between liraglutide and comparator
drugs, a number of outcomes may achieve statistical significance based on chance alone.
Consequently, acknowledgment of this issue should be made in the protocol’s methods
section. '

16) “Track record” of the i3 Aperio database

In general, after several years of operation, the i3 Aperio database is not known for its
ability to identify new serious adverse drug events. Using i3 Aperio as a search term in
PubMed, I was able to find only two published studies in which i3 Aperio was used (3,4),
and in both studies adverse events were not identified or confirmed. Epidemiologists
who have used the i3 Aperio database at the FDA for exploratory analyses stated that
they have not found it to be particularly useful in this respect.

4 SUMMARY

Following the launch of liraglutide in the U.S., Novo Nordisk plans active adverse drug
event surveillance by comparing liraglutide with other anti-diabetic agents using the i3
Aperio database. The company also plans to use the database for longitudinal follow-up
to five years of patients exposed to liraglutide and comparison drugs for specific
outcomes such as thyroid cancer, pancreatitis, serious hypoglycemia, and cardiovascular .
diagnoses.
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The protocol that details their plans was reviewed and a number of issues are discussed in
detail above. The most important include: difficulty interpreting results when only drugs
within the same class are compared, misclassification of outcomes, possible inadequate
sample size and statistical power, incomplete mortality data, possible selection bias,
misclassification of exposures, the absence of a specific ICD code for medullary thryoid
cancer necessitating access to medical and histological records to determine the type of
cancer, possible inability to obtain medical records for validation purposes, missing
information about potentially important confounders, and difficulty interpreting mulitiple
tests of significance.

The most important limitation is likely to be an insufficient sample size and statistical
power to adequately evaluate an association between liraglutide and the primary
outcome, thyroid cancer, and particularly the more lethal and rarer medullary thyroid
cancet.

In general, after several years of operation, the i3 Aperio database is not known for its
ability to identify new serious adverse drug events. Epidemiologists who have used the
i3 Aperio database at the FDA for exploratory data analyses have not found it to be
particularly useful in this respect.

Diane Wysowski, Ph.D.

cc: RyanD/PhamQ/Green L/Avigan M/DPV1
EganA/BishaiJ/MahoneyKM/JoffeH/ColmanE/ParksM/DMEP
WrightM/WysowskiD/ZornbegG/VegaA/lyasuS/DEPI/OSE
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