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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 tomaintain 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

staffpresent during the collection.”



The Sponsor’s Response:
1) The firm’ 5 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 ofBA 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:

0 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 D81 during inspection.

0 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—H (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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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 results), is not

completely objective and may introduce bias. Please provide us yourjustification 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 thefollowing:

(a) A by-study summary ofthe percentage ofduplicate values in the analytical standards

(Calibration and QC) as well as test samples thatfall into above mentioned criteria (i.e.

where single values were reported instead of means) and the percent of analytical runs

affected.

(b) Listing ofsubject IDsfor each studyfor which these criteria were used. ”



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

run acceptance criteria set by ' ’F“ 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 rationalefor 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 ~r---~. . Thus, exclusion of
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 bestfitfor 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 iml Comparison between Formulations (Final Permutation 4 / Formulation 4) m

Primary Endpoints — Trial 1692

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

0 In this reviewer ’s opinion, overall, the use ofuniform criteria for data review is a

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).

0 In this reviewer ’s opinion, the justification in support ofretaining single values is

not clear as to how the retention ofcentral 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

 

to

HIM

W)



close to nominal value is to get the best fit for the calibration curve, then this

objective is not biasfree. 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 ofcalibration standards and QCs. The objective ofcalibration

standards and QCs is to capture the analytical performance ofassay on any given

day using the known concentrations.

0 This reviewer agrees with the conclusion that the results of the pivotal BE study

were not afiected by the further exclusion ofdata based on single determinations

in the calibration/QC standards. For other clinical pharmacology studies 6—] 7%

of samples were aflected 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.] Recommendation

The Office of Clinical Pharmacology/Division of Clinical Pharmacology 2 (OCP/DCP-Z) 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 25m March, 2009. Attendees included Dr.
Chandrahas Sahajwalla, Dr. lsam 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 ofNew Drugs.

1.2 Phase IV Commitments

None

1.3 Summary oflmportant Clinical Pharmacology Findings

Novo Nordisk is seeking an approval of VictozaTM (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:

0 Monotherapy

- 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—l (GLP-l) analog with 97% homology to human

GLP-l that binds to and activates the GLP-1 receptor. The GLP-1 receptor is the target for native

GLP-l, which is an endogenous incretin hormone that potentiates the glucose—dependent insulin

secretion from the pancreatic beta cells. Unlike GLP-l, 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—IV 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)

0 combination with metformin (Trial 1572)

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

o combination with a TZD (rosiglitazone) and metforrnin (Trial 1574)

0 combination with an SU (glirnepiride) and rnetforrnin (Trial 1697)

The five long-term therapeutic confirmatory trials were all randomized, double-blind, double-

dumrny (including liraglutide and/0r 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 biornaterials, 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 pharrnacometric 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 59% and 55% (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-l 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—l/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 tmax 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 ug/kg (equivalent to 1.8 mg

dose based on 90 kg median weight in Phase 3 trial). There was slight accumulation (RA of 1.4-

1.5) after multiple once daily subcutaneous administrations. On average the absolute

bioavailability ofliraglutide 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 so. 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 regulatOiy concern as

described in lCH E14 guidance.

Body weight, Age, BM], Gender and Race: Liraglutide AUC0_, 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 1 0), these differences are not clinically meaningful to warrant a dose-adjustment.

Renal and Hepatic lmpairment: No dose adjustment is proposed for renal and hepatic impairment

subjects. Overall on average, the AUCOM 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 AUC0_co 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 1 10% in upper arm versus thigh based on primary parameter AUG)... as

well as Cmax and AUC0_,. 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 theeffect 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 III),

and Digoxin (Class IV) 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 (AUCW). However, the

levonorgestrel AUCOM was 18% higher during liraglutide treatment. Cmax was 12% and 13%

lower for ethinylestradiol and levonorgestrel, respectively, during liraglutide treatment.

 

   
 

Co-administered Drug
  

Atorvastatin

(40 mg)

Digoxin

(1 mg) '

(20 mg)
Griseofulvin

(500 mg)

Ethinylestradiol

(0.03 mg)

Levonorgestrel

(0.15 mg)

<—+ No change

 

  

 
  

 

 
 Co-administered 
 
 

 

 After 7 hr

 
 

 

 After 7 hr
 

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 endpoints AUC0_‘ and Cmax. 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 NN221 1-

1692) was audited by the Division of Scientific Investigation (DSl). There were serious

deficiencies identified during the audit, and based on the conclusions of D8] 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 BS] 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 ”R 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-l (GLP—l) analog with 97% homology to human

GLP-l that binds to and activates the GLP-1 receptor. The GLP-1 receptor is the target for native

GLP-l, 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-l can help to

compensate for this defect as GLP-l has been shown to reduce hyperglycaemia in subjects with

type 2 diabetes. Studies with native GLP-l have shown that the primary mechanisms of action
are to:

0 stimulate insulin secretion and decrease glucagon secretion in a physiological and

glucose dependent manner

0 delay gastric emptying

0 reduce appetite

These properties make GLP-l a suitable candidate for the treatment of type 2 diabetes. However,

due to the very short half-life of native GLP-l (t‘/z <l.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-IV (DPP-IV).

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—lV enzyme both resulting in a long plasma half-life in

contrast to the short half-life of the endogenous GLP-l.

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-l 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—l 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 P13-

kinase leading to exocytosis of insulin-containing granules and activation of mitogenic pathways.
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Figure l GLP-1 receptor activated signaling pathways in pancreatic beta—cells.

Liraglutide’s mechanism of action, being a GLP-l analog, is also proposed to be multifocal and

mediated via a specific interaction with GLP-l 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:

0 Monotherapy

0 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 Arg34-GLP-l analogue substituted on the E-amino group of the lysine in position

26 with a Glu-spaced palmitic acid. The structural formula is Arg34Ly526—(N-Ery-Glu (N-oc-
hexadecanoyl)))—GLP-l [7-37]. The molecular formula of liraglutide is C172H265N43051. 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 0 30 37

Hz" fl)@96990‘939690096(9'09N 9000333000669 €00"

/W5“
0 NH

G Iu-spacer g/0

HO NH

CHgAAAAMMO
Palm [tic 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-fllled pen in the

following presentations:

/
 

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

Quantity per lnL Function Reference to
standards

Active substance

Liraglutide Active chug substance Novo Nordisk AI'S

Disodium phosphate, 1.42 mg Pb. Etna. USP
(lihydrate
Phenol

pmpylenegm

Name of ingredients

  
   

  

  
  

 

 

   
 

 

 

 

  
 

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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Figure3 Mean plasma concentration time profile of liraglutide after single rising s.c.
doses (1.25 to 20 ug/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
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56975 45773 1.1

450776 411611 111 1164623 58426

523224 477591__—104999 80834 

bFirst 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 ug/kg.

 
  

   
 
     

  

(3) Dose Proportionality in Liraglutide Cm,“ (b) Dose Proportionality in Liraglutide AUCMM
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Figure 4 Dose Proportional Increase in Liraglutide Cmax and AUC0_inf

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. The
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pharmacokinetic parameters of liraglutide after single 5.0. administration of 0.7 mg dose are

summarized in Table 3, and the concentration-time profile is shown in Fig. 5 below:

gooog F4 0 Final F4

 
Nominal Time (hours)

Figure 5 Plasma concentration-time profile of liraglutide after oral administration.

Table 3 Pharmacokinetic parameters of liraglutide after single 0.7 mg 5.0. dose in pivotal
BE study using Formulation 4 (Phase 3) and Final formulation 4 (to—be-

marketed)

Original Analysis Updated Analysis
' £7; a 2.11 ‘

 
Original Analysis Updated Analysis2 as»; 7»; _ _ x Ed

 
mv
ti: 
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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...ax 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 5.0.
administration. '

Multiple Once Daily Doses:

Mean plasma concentrations increased with an increase in dose both following single (Day 1) and

multiple (Day 1 1) once daily administration of liraglutide. The results suggested a slight

accumulation ofliraglutide following multiple dose once daily so. administration, as indicated by
the accumulation index that ranged betwenl .4 — 1.5 based on ratio of AUC0_24.on Day 1 1 and Day
1.

 
 

 

  

 

Table4 Mean liraglutide pharmacokinetic parameters after single dose (on Day 1) and

multiple once daily s.c. dose

E30362 Day 1 {Jay 11n
{pg/kg) Parameter Mean SD Mean SD

7.55 AUG (h-nmol/l) 149 22 216 54

AUCgvzd (l‘l-nmo],/.},} 86 32 138 32

AUCE}>24,;layl.1/AUCclAyl ' - O . 9 O . 1
RM: .. - 1.4 0.3

CW (nmol/l) 6 3 8 2

tamx {31} .34 7 10 O

Cl/f (mi/min/kg) 0.20 0.03 — —

vz/f (l/kg) 0.22 0.06 ~ -

7»... (11.1) 0.0561 0.0067 0.0558 0.0008
t:.* {h} 12.4 M 12.4 w

10'! AUC {h'nmol/l) 2‘16 43 351 60
AUCg-L’é {hvmnoi/‘ll 138 26 225 33

Aime.“fiawuiAUCqu - -— D . 9 0 . 07
RM - ~ 1.5 0:14

C...” lnmol/l} 8 1 ll 2

tmx (h) l2 0 11 l

Cl/f (ml/min/kg) 0.16 0.133

v./f (l/‘kgl 0.17} 3.93 — —
k: “1‘13 0.05111 {1.0056 0.0500 0 0055

CE," (11} 12.3 - 12.8 -

12.5% AUG {h-nmol/l) 254 2'5 361 122

ALICE.“ (h-nmol/l) 1‘32 46 247 80

AUCKJ-‘E-I,<}\z;:lll)?"gcdayl * — l . O 0 . 2
RM. ~ - 1.4 0.2

Cum; (nmol/l} 9 3 14 4

tan-m (h) 11 l 10 2

Cl/f (ml/Inih/kg) 0.19 0.06 w —

V=,"'f (l/kg) 6.19 0.05 « —

7;: (biz) O 0598 0.0040 0.0536 0.0029

cg in: 1.1.6 ~ 12.9 - 

N equals 4 unless otherwise indicated. *) Harmonic mean. 5!) Day I I. mean ofthree.
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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-l 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 ug/kg liraglutide (NNC 90-1 170) 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 NN22l 1-2063).

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. AUC(40_220) is the area under ISR curve in the interval from 40 to 220
minutes, and it was calculated using the trapezoidal method (ISR 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:

0 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.

0 AUC of glucagon concentration over the 40-220 minutes time interval, which was

calculated in a similar way to that of AUC(40_220) of ISR.

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

The results showed that:

0 The average response to liraglutide treatment showed a restoration of Cpeptide levels to

those approximating normal individuals. Liraglutide significantly increased the AUC(4o_

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 liraglutide improves beta-cell

responsiveness to increasing blood glucose concentrations in subjects with type 2

diabetes. AUCMMZO) 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.

0 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 AUC(40_220) for glucagon were not significantly different between placebo treatment,

liraglutide treatment, and healthy individuals.

0 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 Cmax for liraglutide was 5.9 nmol/L. The

mean Tmax for liraglutide was 13.1 hours.
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Figure 6 Mean plasma glucose profile for placebo treated, liraglutide treated and healthy

subjects (control). 
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Figure 7 Mean Insulin secretion rate versus plasma glucose profile for placebo treated,

liraglutide (NNC 90-1 170) 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 MVC 90—1 1 A) Healthy
(N = .10) (N = 10) (N = 10)

( iilolfliiiii*kg) ()molz’miifika) ()11101hll11fkk51)    
Mean (SD) 667.6 (336.39) 1129.7 (473.94) 1206.9 (314.23)

Median 592.0 1077.2 ' 1 1833

Min. ~ Max. WM

p-valuc vs. NNC 90~l 170 < 0.001 0.487W

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
ug/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-h0ur 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 Mean 24 hour Profiles for Plasma Glucose (a) and insulin (b).

Table 6 Statistical Analysis of 24-hour plasma glucose

Liraglutide PBO Liraglutide-PBO

24-hour glucose concentration, AUG — 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

a

0.0140
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(a) Liraglutide suppresses 24 hour post-prandial plasma glucagon
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b) Liraglutide significantly increases first-phase insulin during hyperglycemic clamp
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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
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Liraglutide PBO Liraglutida

Fasting Gluoagon concentration, RUG ~ pg/mL*h
N 13 13 25
Mean (S.E.M.) 92,84 ( 7.24) 94.47 { 8.57) —1 Q7 ( 3.32)
Min — Max _._——————————~——-

93% C.I. { ~9.18 , 8.45‘
p-value 0.5858

Zéwhour Gluoagon concentration, AUG “ pg/mL*h
N 23 3,3 26
Mean {S.E.M.) 2179.1 (118.0) 2371.2 (135.0) «197.3 (82.98)Min - Max

95% C.I. [—3?§.9 ; —14.68§*
p-vaiue U 0367

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

Liraglutide PBQ Liraglutide—PBO

Insulin concentration, AUC ~ pmol/L*h
N 13 13 26
Mean (S.E.M ) 55.45 ( 9.93) 34.26 ( 6.40) 20.97 ( 6.43)
Min — Max ———~———————_———‘—-—————————_.__
95% C.I. [ 6.81 ; 35.13]*
p—value 0.0076

Insulin concentration, Incremental AUC — pmol/L*h
N 13 13 26
Mean §S.E.M.) 30.15 { 9.05) 7.32 ( 2.85) 22.83 ( 6.87)
Min - Max M

95% C.I. [ 7.70 , 37.95]*
p—value O 0068 .

Insulin concentration, Max — pmol/EJ
N 13 13 26
Mean (S.E.M.) 262.62 (47.51) 166.46 (32.43) 95.43 (28.93)Min — Max

95% C.I. [31.76 ,- 159.10]*
p—value ' 0.0071

Glucose concentration, Max - mmol/L
N 13 13 26
Mean (S.E.M.) 17.18 ( 0.57) 18.32 ( 1.22) ~1.l3 ( 1.03)
Min ~ Max E*—_______
95% C.I. [ —3.40 ; 1.15]
p—value 0.2986

M4)

 

9130 = Placebo. The StatistiCS are obtained from a mixed mode].
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:

0 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).

0 Fasting value of pro-insulin was statistically significantly lower after l-iraglutide treatment
than after placebo.
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0 No statistically significant difference could be demonstrated for free fatty acids, insulin

secretion rate (lSR), fasting glucose (p=0.0782), and AUC(O-24) or fasting values of
insulin and C-peptide.

(2) Hyperglycaemic clamp:

0 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).

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

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

0 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:

0 B—cell function (insulin secretion, ISECHOMA) was statistically significantly increased after
treatment with liraglutide, whereas no statistically significant differences were seen

between treatments for insulin resistance (IRESHOMA) or insulin sensitivity (ISBN).
0 No statistically significant differences were found between the two treatments with

regard to gastric emptying rate.

0 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-l’s mode of action, and hence disturbance of the

hypoglycaemic counter-regulation under the influence of GLP—l could be expected. Since
liraglutide is believed to have a mode of action similar to GLP—l, 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 ofthe 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 so. close of 7.5 pig/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 ls 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 l4C-liraglutide after so. administration
in rats resulted in the excretion of ~ 70% 14C02 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 IV (DPP—IV) or neutral endopeptidase (NEP), both known to

be important in the metabolism of native GLP-l. Liraglutide was metabolized by DPP—IV and

NEP in similar positions in the peptide as observed for native GLP—l. The metabolite profile of

[3H]-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 [3H]—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 [3H]—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 ofliraglutide, 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 2
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 ([3111]) 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

3H HN O

memo [LyszsArgwl-GLP-l
3H

Figure 1 l 0 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 “/2 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 [3H]-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

0 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 rep1esented <9% and <5% (respectively) of the total exposure (2-24 h).

0 No unchanged lilaglutide was detectedin 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 U] 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 ofliraglutide (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 lCH 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.

Tab1e9 Point Estimates and the 90% CIs Corresponding to the Largest Upper Bounds for

Liraglutide (1.8 mg and 1.2 mg) and the Largest Lower Bound for Moxifloxacin

Time (hour) AAQTcl (ms) 90% C 1 (ms)

Liraélutide 12 mg ~1 7 (—43 9)
Moxifioxacin 400 mg* 12. 4

 

 

 

  

   
 

   
   

IQb.)
(8.9, 15.9)

*Muhiple endpoint adjustmentis not applied. The 31;0051 10“e1 bound after Bonferroni adjustment for 4
timepoinis is 3’6 ms.

The relationship between AAQTcI and liraglutide concentrations is visualized in Figure 13 with

no evident exposure-response relationship.
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Figure 13 AA QTcI vs. Liraglutide Concentration
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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 l4—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 HbAlc reduction.

(3)

0-0; Trial .1573

 3'3 m

_'. oLSMeansforChangeinHbA1c(%)  
415‘

i <5 é 4i ~é '8'701'2 1’4 1'6 18 50 23 211 22338 31332 £43632: 454:2 411’s 4E0 52
Weeks .

”0Liraglutide 1.2 mg r2‘wet-3r"-Lirajgluticka 1.8 mg [WAcfive 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(iSE) %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 EDso

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

EC50 value of ~4 nmol/L estimated from the exploratory analysis of liraglutide-FPO 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 (%change from baseline HbAl c) suggests that maximum effect is achieved at or above

7 nmol/L liraglutide concentration (which is the lowest limit of 2nd 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) %change in HbAIcfl0n1 baseline versus

mean lira lutide 0 each uartile ran e (Phase 2)
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Figure 15 Exposure-response relationship of liraglutide in (a) Phase 2 exploratory and (b)

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%

CI at all time points (Fig. 163). 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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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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Figure 17 Flat liraglutide exposure-change from baseline in Calcitonin relationship at week
26 from the 52—week Phase 3 confirmatory trial (1573).

2.3 Intrinsic Factors

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

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 ofthe 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. 182,
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(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 ofAge on body weight adjusted (b) No eflect ofBMI on body weight adjusted

 
 

clearance clearance
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Figure 19 No effect onge 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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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

 

 

  Estimated Creatininc

Clearance ('mL/min)

Description

Normai renal function

Mild renal impairment >50—SSO mLfmin

>30-SSO niUmin

S30 mLi'min

 
 

  
>80 111Lr’min

  
 
 

 

  
 
 

 Moderate renal impairment

 Severe renal impainnem 

 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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(a) N0 trend apparent in Liraglutide Cmax with

Table ll Pharmacokinetic parameters of liraglutide in healthy
impaired subjects

and renally

 I‘v’lildx’Nc-rma‘; Moderateftéozmal Severe/22.10 rnsai End stage Iséozrra-

Original Analysis

0 . 67 C . 8 6 Q . "’3
0 . 53 C “7‘3 0 . 5"?
O . 85 ? O . 94 

  0.65 - 31 8.71
0.51 ' 65 0.55
0.23 l 3?: 9.272

fu, all three concentrations
Estimate 0.81 1.37 0.60
Lower 90% 0.49 0.85 0.35

Upper 90% 1.34 2.21 1.02
 

fu = fraction of unbound liraglutide

 

1:;3.?
3.53
3.9

0.87
0.48
1.55

Based on the updated analysis, overall the average AUG)...0 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).

degree of renal impairment 0f renal impairment

Cmax(nmoltL)

20

.n 0"

_\ o 
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(C) N0 trend apparent in Liraglutz'de CL/F With (6!) Fraction urzbound across various treatments
 

  
degree 0f renal impairment PK anatyslsieaslsqueres means and 95% CI—lraction unbound

1'4 1.6000
1.3 {Slim}

F. 1.2 2-4333‘“ ..>
S 1" 1.2000 :
3’ 1 g new
8 0 9 2 E0000
5 ' a 0.9000

5.3 0'3 5 0,3000 .
U 0.7 5 0.7000 _.'5 0.6000 L

0‘6 .3 0.5900 ,,
0.5 0.4000
0,4 0.3800 '-

. 0.3000 "

Heatthy Mild Moderate Severe End Stage 0.1600 ‘
GROUP None Mild Moderate Severe End Stage

Renal group
Commutation: " .. 1000 ' . ' 10000 ' tOOGOG ' ' All

Figure 21 Liraglutide pharmacokinetic profile in healthy and renal impairment subjects

Based on these findings:

0 It cannot be concluded that reduced renal function has an impact on the liraglutide
pharmacokinetics.

0 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 Scared for Observed Findings 

Ascitcs L tttodet'atc
Scrum biliruhin (“moi/L) . ._ 34.2 — 51.3 >51.3

Scrum albumin (gs/L) ] >35 28 m 35 ’ <281 Prolonged l’rothromhin time j <4 4 — 6' >6

  
  

 

*Gradc (1: normal consciousness. personality. neurological examination. clcctro cucepltalogmm.
*Grade 1: restless. sleep disturbed. irritablefagitated. tremor. impaired handwriting, S cps waves.
*Grade 2: lethargic. little-disoriented. inappropriate, astcrixis, ataxia. slow triphasic waves.
$13de 3: sonatolcnt. stttporous. place-disoriented. hyperactive reflexes. rigidity. slower waves.
*Gradc 4: ttttrousablc coma. no personaiityibehaviour, deccrcbrate, slow 2-3 cps delta activity.
5Paticms with encephalopathy grade 3 and 4 are cxciuded.

Conversion from points to groups of different degrees of hepatic impairment:
Cltilct~Pagh Grade A. mild hepatic impairment (5-6 points)

Child-Pugh Grade 13. t'nodcmtc hepatic impairment (7—9 points)
Child—Pugh Grade C‘. severe hepatic itttpairment (3045 points)
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The impact of hepatic impairment on relevant pharmacokinetic parameters of liraglutide is

depicted below in Figure 22. 

(a) Cmm. showed a decreasing trend with severity of (b) A UC0_,,,/-also showed a decreasing trend with
hepatic impairment severity ofhepatic 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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Tablel3 Statistical comparison of AUCO_jnf of liraglutide in healthy and hepatic

impairment subjects
 

Hepatic group

Ml. L CE," No rmal Mode rate fNorma l Severe; Normal  

Original Analysis

AUC

  

 

Estimate 0 8? [3.56
C: 6-3 0.39
L 25 0.31

Updated Analysis

3113!“;
89 5 ~86 0.58
5? C 612 0.46

i at) 25 (3.85   

Results showed that:

Equivalence with respect to AUC(0—00) 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(0-00) 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 AUCW, and does appear to

explain the observed difference in clearance in severe hepatic impairment. Since the drug

is highly protein bound, ~l .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 ofliraglutide were administered 5.0. 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 ofinjection site on liraglutide pharmacokinetics after single 0.6 mg SC
administration in thigh, abdomen, and upper am using formulation 4

Thigh / Abdomen apps: arm / Abdomen Epper arm 5 Thigh

Original Analysis

AUC (Cl-ii.4

.i'i

.93

.19".30Li)M: _>~.>c. Ctr\Jto onmIn"
{.9
3.8
" 9(firth! HHD—a

Updated Analysis

SAGE: (O-inf)

E5L;¥Qa; . .1")
” .01

.23.    wrap» 

9000 ~ Abdomen

8000

A7000  
\

0 10 20 so 40 50 so

Nominal Time (hours)

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 1 1 1% in upper arm versus thigh based

on primary parameter AUCom as well as Cmax and AUC04. There was no effect on tmax. 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.] What is the CYP inhibition potential of Liraglutide?

The potential inhibitory effect of liraglutide (NNC 90—1170) on the important human drug
metabolising cytochrome P4505 was examined in vitro using human liver microsomes. The
model substrate activities determined and the isoforms which these assessed were as follows:

ethoxyresorufm-0--deethy1a5e (CYP1A2), coumarin 7--hydroxylase (CYP2A6), paclitaxel 60L-
hydroxylase (CYP2C8), tolbutamide 4-hydroxy1ase (CYP2C9), S—mephenytoin 4——hydroxy1ase
(CYP2C19), bufuralol 1- hydroxylase (CYP2D6), p-nitrophenol hydroxylase (CYPZEI) and
testosterone 6B-hydroxy1ase (CYP3A4). The summary of estimated IC50 values for liraglutide
for human drug metabolizing cytochrome P4505 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 01—100 MM 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 >> 1000M for the investigated CYP isoforms.

 

 

 

Table 15 In vitro CYP enzyme inhibition potential of liraglutide

CYP CYP substrate ‘ Concentration 1C5.”

V H (143%) (yM)
1A2 7—filhoxyresorufin 0.5 > i 00
2A6 Coumarin 5 >100
2C8 Paciitaxcl 8 ‘> 100

2C9 Tolbutamidc 1 50 > 100

2C 19 ' S—Mephenytoi‘n 100 > 100
2D6 'Bufuraloi 25 >100

215 1 p-Nitrophenoi 1.00 > 1 00
 

Spon501 concluded that liraglutide at concentrations up to 100 LAM did not inhibit or only very
slight inhibited all the human cytochrome P4505 studied (CYP1A2, CYP2A6, CYP2C8,
CYP2C9,CYP2D6,CYP2C19,CYP2E1 and CYP3A4). Thus, liraglutide15 not expected to cause
any drug-drug interactions related to inhibition of cytochrome P4505 and we agree to sponsor’s
conclusions.

2.4.2.2 What is the effect of Liraglutide co-administration 0n 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
 

 

 

 

Part B: Randomized, Liraglutide/

Study Design Co-administered Dose 1 ' Dosing Duration N
Drug_

Part A: Randomized,_l Liraglutide/ _l 0.6 , 1.2 and Weekly increasing doses 40/42
double-blinded, LPlacebo l_1.8 mg_
placebo-controlled, Atorvastatin 40 mg Single at steady state of 40/42two-way cross—over i placebo/liraglutide 1.8 mg
trial Lisinopril 20 mg Single at steady state of 40/42

lacebo/liraglutide 1.8 mg
_l 0.6 , 1.2 and Weekly increasing doses 27/28
 

 

    double—blinded, Placebo J 1.8 m_g
placebo-controlled, Griseofulvin 500 mg Single at steady state of 27/28two—way cross—over L Elacebo/liraglutide 1.8 mgtrial ITDigoxin 1 mg Single at steady state of 27/28

J _placebo/liraglutide 1.8 m 

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.

 
r a Atorvastatin b Lisino rilP

:‘.§;’mL nglm;20 129

16%25
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9.. "6' .. a...” ‘23...“ £4. 30,, 36 42 ds 54 so 66 12 0 is"... “.24 5'5 35 42...... it; ....54 W69
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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  

liraglecidefplacebe 

Eflcimate
Lower 90% 2‘ 4
fipper 90% 1' i'

N
Estimate
Lower 9G8 E‘ €*
” "r 90%

 

iiragiutidaiplacehe 

atorvastatin

Cmax éngfui)

lieenogrii

Cmax ingmei Estimaie
Lower 9st
Us er 90%
  

 

~ griseofulvin

EEC

digoxin

AUClG—72hi

N
Estimate
Lower 96% limit
Upper 90% iimit

N
Estimate
Lower 90% .m

 

griseofulvin

Cmax

digoxin
Cmax

N
Estimaze
Lower 90%
Upper 98%

i»!
Escimase
10146 x 993%  06,0 ‘0~J(X3‘1 (11:04.3 .4st
awasaw

Spper 90% PH; ”  

 
  

0 Single concomitant administration of atorvastatin (40 mg) at steady—state of liraglutide

(1.8 mg) resulted in equivalent AUCOwoo as the 90% CI for the estimated ratio of AUC0_00

(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 Cmax or t./,.

Cmax was 38% lower, t-/, was 17% shorter and tmax appeared approximately 1.25 h later at

liraglutide steady state conditions compared to during placebo treatment.

0 Single concomitant administration of griseofulvin (500 mg) at steady-state of liraglutide

(1.8 mg) resulted in equivalent AUCOM as the 90% CI for the estimated ratio of AUCo_00

(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 Cmax, which was

37% higher at liraglutide steady state conditions compared to during placebo treatment.

0 For single administration of lisinopril (20 mg), equivalence was not demonstrated for

AUCW, when the drug was given at liraglutide steady state conditions compared to

during placebo treatment. The AUCOM for lisinopril was 15% smaller at liraglutide

treatment than during placebo [estimated ratio 0.85 (90% CI (0.75; O.97])]. The

equivalence was also not demonstrated for Cmax or Vz/F. Cmax was 27% lower and V/F

was 16% larger. The tmax appeared approximately 2 h later at liraglutide steady state

conditions compared to during placebo treatment. Equivalence was demonstrated for t‘/2.

- For single administration of digoxin (1 mg), equivalence was not demonstrated for AUC0_

7%, respectively, when the drug was given at liraglutide steady state conditions compared

to during placebo treatment. The AUCMZh for digoxin was 16% smaller at liraglutide

treatment compared to during placebo [estimated ratio 0.84 (90% Cl (0.72; 0.98)]. For
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digoxin, equivalence was also not demonstrated for AUCOJ, or Cmax. The AUCOM was

21% lower and Cmax was 31% lower when digoxin was given at liraglutide steady state

conditions compared to during placebo treatment. The tmax for digoxin appeared

approximately 1.1 h later at liraglutide steady state conditions compared to during
placebo treatment.

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

H

98%

7%

 
Nominal time from start of measurement (hours)

Treatment —- Liraglutide -'-- Placebo

Figure 25 Effects of Liraglutide on the gastric pH

Paracetamol

Study design for the DDl 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
controlled, double—blind, Placebo

two—period cross—over trial
Paracetamol 1

Liraglutide: Weekly 17/18

increments of0.6 mg (0.6,

1.2 and 1.8 m/da

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 T Secondary
1.  

Liragiutiée 1.6 rgffiacebo 1‘5 mg 
 

.2

.10
03mm mmxn

1
i3“
1‘.    
 

 
J

Administration of paracetamol at tmax of liraglutide at steady state on the 1.8 mg dose level
showed equivalence on the primary endpoints AUCOm and AUCO.4gomin, reflecting the overall
exposure of paracetamol. The analysis of Cmax of paracetamol did not demonstrate equivalence.
Cmax was about 31% lower afier liraglutide treatment compared with placebo indicating a
delayed rate of initial absorption thus representing a delay in gastric emptying. Tmax 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 15min.

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 ofGl 1
(BCS Permeability Reduction in GI Motility on Motility Change on PK

CLASS; PK |__
Paracetamol High solubility and J, Cmax, unchanged AUC 31%»L Cmax, unchanged
(Class 1) permeability and tmax J AUC and tmax
Atorvastatin Low solubility and T Cmax, delayed tmax, 38%J/ Cmax, unchanged
(Class II) 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] , J
Griseofulvin Low solubility and T Cmax, delayed tmax, 37% T in Cmax,
(Class 11) 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
entrance into the small

intestine]

Lisinopril High solubility and unchanged AUC, i in Cmax 27%t Cmax, delayed
(Classlll) Low permeability and delayed tmax [intestinal tmax (2 li), 15m AUC

permeability is rate limiting] [no intestinal transit

time prolongation]
Digoxin Low solubility and whether solubility or Cmax (31%) and
(Class IV) permeability permeability is the rate delayed tmax (1.125 h),

. limiting step in the overall [intestinal permeability
absorption is rate limiting], 16%~L

AUC [no intestinal
transit time-

p_rolongation]

 
 
 

Oral Contraceptive (levonorgestrel and ethinylestradiol)

Study design for the DDI evaluation for oral contraceptive is summarized in the Table 21 below:

NDA 22-341 (Liraglutide) OCP Review 45



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 21/21
and levongestrel

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 Cmax and tmax.

(A) Ethinylestradiol

lmL

pg 70%

 
Planned time (hours)

Treatment —- liraglutide - - - - placebo
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(B) Levonorgestrel
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Figure 27 Mean Plasma ethinylestradiol (A) and levonorgestrel (B) following single dose

administration of oral contraceptive (Neovletta; 0.03mg ethinylestradiol, 0.15 mg levonorgestrel)

The effect of liraglutide on the primary PK parameter (AUCM) of ethinylestradiol and

levonorgestrel is summarized in Table 21. AUCOM 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
 

liraglut ide/pl acebo 

ethinylestradiol
AUCGW N 21

Estimate 1 .057
Lower 90% limit: 0.988
Upper 90% limit 1 .131

levonorgastrel
AUme 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 AUC0_

w as the 90% CI for the estimated ratio of AUCMo (liraglutide/placebo treatment) was within the
pre—specifled limits for equivalence, i.e. within 0.80 to 1.25.

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

90% CI for the estimated ratio of AUCOM (liraglutide/placebo treatment) was outside the pre-
specified limits for equivalence. The estimated ratio of AUCOm (liraglutide/placebo treatment)
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was 1.18 and the 90% C1 was 1.04 to 1.34; i.e. the levonorgestrel AUCo_no was 18% higher during
liraglutide treatment.

2.5 General Biopharmaceutics

2.5.1 What is absolute bioavailability and disposition of Liraglutide?

On average the absolute bioavailability ofliraglutide is around 55% following s.c. dose. This was

assessed from the comparison of AUCs from an IV dose ofS pig/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 afier intravenous administration

Dose AUCOm AUQH

iigs’kg pmol’kh/L p11101*h.:"L

5 Mean 215674 211251

  SD 425 19 405.20

*Harinonic mean '

 
 

 

 

Table 24 Absolute bioavailability (%) of liraglutide after subcutaneous administration

Dose Subject AUC AUCW F

iLg/kg pmol’khi’L p11101*11:’L %

5 34162111 134076 117244 5.5

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?

Throughout 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«W
”M

————'-———‘—""' ‘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 NN221 l-l33l. 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 NN2211—1328, 1329, and 1334 (phase 1
and 2).WM

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 m . 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 NN2211—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 (i2) 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 [AL
(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 NN221 1—1692) from original submission
 

 

 

Trial Estimatefi0% Cl]_
ID Formulation Relative Relative Relative Difference Tmax

N (M/F) (Dose) AUCO-oo AUCO-t Cmax JhL
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)

pH 7.9 vs. pH 7.7 0.94 [0.90; 0.98] 0.93 [0.89; 0.98] 0.93 [0.88; 1.00] -0.75 {—2.00; 0.25]
pH 8.5 vs. pH 7.7 1.02 [0.98; 1.07] 1.02 [0.97;].07] 1.02 [0.96; 1.09] —0.50 [-2.00; 1.00]

1693 Formulation 4vs. 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, 5.0.)

Based on the statistical analyses

' Liraglutide formulation 4 and liraglutide final formulation 4 were bioequivalent with
respect to the primary endpoints AUC0_t and Cmax.

' 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 (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
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:

0 The mean (n=2) of the back-calculated calibrators shall be within i20% 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 i30% of the nominal values

0 - A maximum of3 calibration levels may be rejected

0 No single calibrator determination can be excluded unless the mean of the double
determination is outside ::30% (<129 pmol/L) or i20% (2129 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

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

Acceptance criteria — QC samples:

0 Maximally one mean QC sample from each QC level may have an inaccuracy greater
than i20% 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 i20% from the target values

0 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

 Updated Analysis 
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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 AUCO.‘ and me.

2.6 Analytical

2.6.] 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-l/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—l (GLP-l) was eliminated by

degradation of native GLP-l 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 11)

Range pmolJL NN990090

Recovery Within the limits of m ' NN990090

Dilution. linearity Diiution - , - within the limits of NN990090

Intermediary precision ’o NNF)90t)90
Sensitivity LLOQ = l8 pmoli‘L NN990090

Limit odeetcction = 3 ptnoli’L
Stability Frozen samples for 2 years NN99()092

“A“ NN99009I

Interference Presence of antibodies againsr GLP- lz‘iiraglutide NN99009l 
Occurrence of . in samples 

LLOQ: 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’MA cross-validation

was performed to transfer the assay from Novo Nordisk A/S to
 

Antibodies against GLP-l were shown to interfere with the ELISA assay. However, only very

few subjects in the phase 2 and 3 trials had GLP-I/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 a—‘_.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.] Initial PK and Tolerability Study in Healthy Subjects

Single Dose (NN221 1-1149):

  
 

Title of Trial A randomised, double-blind, placebo-controlled, dose
escalation trial of singie doses ofNNC 90-] $70 to assess
tolerability, pharmacokinetics, pharmacodynamics and
absolute bioavailability in health male subjects

Davao men: Phase .—
Generic-Name M
M_

Medeval LtdTrial Site

  
 

 
 

 
 

 

 

 

 
 

 
 

 Skelton House

Manchester Science Park

Lloyd Street North

Manchester M15 68H

  
 

 
 

 

  

Tsfial Comieted 20 December 1999

Health Care Development  

 

 
 

 Novo Nordisk A/S

Novo Allé ,

2880 Basvaerd, Denmark

Grethe .lakobson, MSG, Novo Nordisk Az’S

 

 
 

 
 

  
International Trial
Manaoer

  International Clinical

Trial Manager

Locai Trial. Maaa er

Report Writer-

Boldil Elbmnd, MD> Novo Nordisk A/S

      Michaela Vie-l, Novo Nordisk

Soreu Larsen, MSC, Novo Nordisk AIS  

 
Title of Study: A randomized, double—blind, placebo-controlled, dose escalation trial of single
doses ofNNC 90-1 170 to assess tolerability, pharmacokinetics, pharmacodynamics and absolute
bioavailability in healthy male subjects

Objective:
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Primary Objectives:

0 To assess the safety and tolerability (maximum tolerated dose) after ascending 8 s.c.
single doses from 1.25 pig/kg up to 20 ug/kg ofNNC 90-1 170 and after a single i.v. dose
of Sug/kg.

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

Secondary Objectives:

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

0 To evaluate the effect of NNC 90—1 170 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 jig/kg up to 20 ug/kg with
subjects receiving the dose level 5 pig/kg s.c. in addition received, after a wash—out of at least 7
days, a single i.v. dose of 5 pig/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 ug/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 1 1 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 AUCM and the secondary endpoints Cmax, tmax, l2 and Vz/F (Vz following i.v.) were
derived from the 48-hour plasma profiles. Except for tmax, all parameters following 5.0.
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 (Cl) were calculated. tmax was
subjected to non-parametric analysis using Wilcoxon test. Dose proportionality was assessed for
AUCOM and Cmax by performing regression analysis on log transformed parameter and log-
transformed dose. An estimate of the slope of the regression line and corresponding 95% Cl were
calculated and dose proportionality was assumed if the slope was not statistically significantly
different from unity.

Pharmacokinetic:

NNC 90-1170 Pharmacokinetics

'Illustrated below are mean plasma concentration time profiles following 8 5.0. doses ofNNC 90-
l 170 as well as following a 1—hour i.v. infusion and so. administration of5 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 Cmax and AUCOM for doses between 2.5 and 20 ug/kg, but not when
data from the 1.25 jig/kg dose level are included.

Results of dose proportionality assessment for Cmax and AUCM,
using data from all dose levels
‘_"‘*_—"_"—‘-T"-'_"-—'“—"-—*‘—"_"‘—'_‘—'_—"_'

             

Parameter Siope* Lower Upper p-value
95% CI 95%(2:

Cara}: 1.283 1.168 1.399 0.00002

AUCWM 1.263 1.153 1.374 0.00003  

*Slope is different from unity based on 95% CI and p-value.

Results of dose proportionality assessment for C"MIX and AUCMo

excluding individual Cum and A'UCom from the 1.25 gig/kg dos-e
 

  

levei

Parameter Slope* Lower Upper p-value
95% CI 95%(31

‘wETt-S“ U “rd???“ ?9’33" 1W
AUCQM 1.091 0.943 1.239 0.181
  

*‘Slope is not significantly different from unity based on 95% CIand 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 ug/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—1 170. 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 jig/kg NNC 90-1 170 and two following placebo.

Sponsor’s Conclusions:

0 The absorption of NNC 90—1170 following s.c. administration was slow reaching a

maximum approximately 9—12 hours post—dosing.

o The increase in Cmax and AUCOM of NNC 90-1170 was dose-proportional in the

investigated dose range of 2.5-20 jig/kg 5.0., but not when including data from the 1.25
ug/kg dose level.

0 The absolute bioavailability ofs.c. NNC 90-1 170 was calculated to be 55% at 5 ug/kg.

0 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.

0 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 AUCO-9, Glucose/9). However, there was no

trend towards a difference in subjects receiving IVGTT.

0 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.

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

0 In general, diuresis was not significantly affected by NNC 90—1 170, compared to placebo,
at any ofthe dose levels.

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

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

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

- Hence, a single 3.0. dose of 17.5 pig/kg was the maximum tolerated dose ofNNC 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, tm)
are reasonable from a clinical pharmacology perspective.
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Single and Multiple Dose (NN2211-1189):

 
 

  
  

 
  

  
 

  'l‘l'l‘LE 017 TRIAL

A Randomised Double-inlaid i)laceho-Controlled, Dose Escalation, ’arallel-Group. Single and

Multiple Dose Trial ol‘NNC 90—1170 in I-lealthy Volunteers and Patients with Type 2 Diabetes to
Assess Ttiilerahilitv‘ l’harmacokinetics and l3harmacodynamics
INVESTIGATOR

Paul Rolan, Ml)" FRACP‘ lilil’M
TRIAL SITE

Mcdcval Ltd. Shelton House, Manchester Science Park, Lloyd Street North, Manchester M] 5 68“,
UK

l’l? BLICA'I’l ONS

None
TRIAL PERIOD

4 August 1999 till 23 December 1.999

OBJECTIVES

Healthy Volunteers and 73719 2 Diabciic Patients:

n Yo assess the safety and roller-ability after single and multiple s.c. doses of NNC‘ 90—l l 70 in
healthy volunteers and in patients with Type 2 diabetes

Secondary Objectives

0 To assess the multiple dose phartnacokinetics ot‘NNC 90-1, 170

v To evaluate the effect ofNNC 90-1 170 on diuresis and Iept‘in plasma cmtcentraticms in all

subjects at all dose levels

 

 

 

 
  
  
  
  
  
  
  
 

  
  

  

  
 

 

  
 
 

 l)E\"ELO?Z\-1EN'3‘ PHASE
Phase I
 

0 To assess the effect ol‘NNC' 90-l l70 on calorie. intake and evaluate changes in body mass index

and weight

0 "to assess antibody production against NNC 90-11%; and lgl?) levels thllowing NNC 90-1170
{we 2 Diabetic Patients:

0 To assess the. phannacodynantics of NNC 90-1 170 in ifypc 2 diabetic patients only, by

measuring plasma glucose. glucagou and insulin profiles on Days LS, 8 and l l, and performing
an lVG'l‘Tm expected Cu1M ofNNC 90-l 170 on Day 0 (baseline), Says 5 and ll.

Heriilhy Vhltmfcvrs:

0 To asaess the effect ol’NNC 90*] 170 on insulin and glucose levels in healthy volunteers. 
 
 

 

  
  

  
  
  
   
 

  
  
 

  

METHODOLOGY

This was a single—centre, randomised within dose group, double—blind, placebo-controlled, parallel-

groups dose-escalation trial, with initial single, and subsequent multiple sc closes ol‘NNC 90»? 170 to
subiects at five levels (1.25.. 5, 7.5, It) and E25 ttg’kg). 'i‘welve subiects were to be enrolled at each dose
level. divided into 6 healthy volunteers and 6 Type 2 diabetic patients, randomised within the group at an

activcgplacebo ratio 0172: 1. [Each subject was allocated to one dose level only At each dose level NNC
9(l-l l‘70fplacebo were administered as single and multiple s,c. doses. Following single dose
zulministration on Day L initiation ot‘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

(lVG’l'l‘) was perforated on Day 0 at each dose level, when no (hug was administered, and subsequent
l'VCj’l‘Ts were )erformed 9 hours following closing on Days; 5 and l l.
NIEMBER OF SUBJECTS PLANNED AND ANALYSED
Health; Voitmlwrs:

Thirty (30) subjects were enrolled in the study, 6 at each dose level (4 active and 2 placebo). Three

subjects on active treatment Were \\-'i.tl1tlra\x.-'n due to adverse events following the start of repeated
once daily administrution (Days 5-1 1). Only data From subjects cloned and exposed to trial product

on all study Days 1 and 5-11 were included in the phannacokinctic and pharmaeodynamic statistical
analysis. All subjects were included in the safety analvsis
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731:9 2 Diabetic Patients:

Four subjects wcre eurollcd in the study. 3 at the 1.25 ugr’kg dose level (2 active and 1 placebo) and
1 at the 5 pgfkg dose level (placebo). Three rather than 6 patients were included at the 1.25 pgz’kg

dose level doc to recruitment difficulties. One subject on active and another on placebo at the 1.25
pgikg dose level were withdrawn due to adverse events and hyperglycacmia, respectively. Data
frontal] patients were included in the safety analysis and from the remaining 1 patient on the 1.25
ttgjkg and another on the 5 ttgi‘kg dose levels in the pltartnacokinctic analysis. Data was not
suh'cctcd to any statistical analysis.
DIAGNOSIS AND MAIN CRITERIA FOR INCLt'SION

Healthy male and female volunteers of any ethnic origin aged lit—45 years. inclusive, and male and
female sulfects diagnosed \vith.'.'1'v 3e 2 diabetes ol’an = ethnic origin aired 40 — 70 vears inclusive.
TEST PRODUCT. DOSE AND 330.915 OF ADMINISTRATION, BATCH NUMBER

NNC 90—1170, 5 rttgfinl provided in 1.5 ml .E’enl'i'ill’l: cartridges for subcutaneous injection of i.»
7.5.10und 12.5 tic/kc dose levels. Batch No. M7901.
DURA'UON 0F TREATMENT

Subjects received single (Day I) and repeated once daily s.c administration (Days 5-11) ot‘eithcr

NNC 90—1 l 70 or matching placebo and were lbllowcd—up between 1—2 weeks after dosing for check—
up. In addition, '1'ype 2 diabetic patients received IVG'I'T over 2 hours on Day 0, when no drug was
administered. and starting approximately 9 hours post—dosing on Days 5 and 1 l.
REFERENCE 'l‘llliilhfl’Y, DOSE AND MODE OI" Al).\ilNlS'1‘K-\'I‘I(')N, BA'I‘C‘I-Ii‘ NUMBER

NNC 90-1 170 injection medium: provided in 1.5 ml l’enlrillé’ cartridges for subcutaneous injection.
Batch No. 317903.
CRITERIA FOR EVALUATiON -- EFFKCACY

Healthy Volunteers

0 Eighty-{our (84) hour NNC 90—] HO profiles following closing on Zl‘.)a_vs l and t1.

0 24—hour glucose and insulin profiles following closing on Days 1 and 1 l.

a 16-hour lcptin profiles following closing on Days 1, 4 and 10.

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

 

7377:? 3 Diabetic Patients

Eighty-four (84) hour NNC 90-1. 170 profiles following dosing on'1')ays l and I l.

16-hour glucose. glucagon and insulin profiles lbilowing dosing on Days 1, 5, 8 and 1t.

16-hour leptin profiles following closing. on Days 1. 4 and 1.0.

2~hour glucose, glucagon and insulin profiles on Day’t) (basetine)a11d Days 5 and l 1 following

receiving IV(3351‘ between 9 and 1 1 hours post-dosing.
Dailv caloric intake on all study davs and body weight on Days 0 and 14.

CRITERIA FOR EVALUA’HON ~ SAFETY

Blood glucose measurements, adverse events. clinical laboratory tests (haematology biochemistry.
urinalysis), physical examination. vital signs including temperature, blood pressure. pulse. ECG, 24—
1mm diuresis (Days l. 4 and l l) and antibody levels against NNC 90—1 170 in alt pliarmacokinctic
sam ales.
S'I’A'I‘IS‘I‘ICAL httt’t‘ttotm

0 NNC 90-1 170 Phammcokiuetics

Non—ccnnpartmental analysis was performed and the primary endpoints AUCm,‘ and AUCW, the
secondary endpoints me tum and in, and the accumulation ratio (szziAIECt-Mmy; ,i’AUC‘GM) were

derived following dosing on Days 1 and 11. i
For healthy volunteers only, AUC‘U,34, AUCWW, Cum, M and Rac were logarithmically translbrmed
prior to analysis and then subjected to ANOVA. Following back.—l‘ranstormation, estimated ls—means

for each dose level with corresponding 95% Cl were calculated. ”I“,mx was subjected to non-
parametric analysis and median values were obtained. Dose proportionality was assessed for AUCO.

3.3, AUCO.m and Cum, excluding data from the 1.25 ug/kg dose level. and an estimate of the slope of

the regresnion line and corresponding 95% Cl Were calculated. Dose proptmionality was seen if the
slope was not statistically significantly different from unity. Linearity in the pharmacokinctics was

assessed statistically for the ratio ot’AUCM m Hr’AUCMm 1 . using two—sided Mast, where the nut]
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hypothesis was that the ratio should not be stutisiicnlly significantly different from unity.

’ P1111rmncodynamics
Healthy I'blunlcars

24hour prohlcs 01 glucose and insulin on Days 1 and l l were subjected to nonconipmnncnnil
211121115315 11,16 AUCn.~1\'21111€s11111)21\s l and 11 were included111 the st211islic21l analysis 1111111111111.1
loL1~{1'21nslonnmirm. .A compznison beiween 21} the 210111 1911' healed healdw volunteers 21nd 1110

1:1:“11195111111111111'1plnL‘Lim 11'L1211L11 ones for l)211s 1 and 11 SLpznatL'lv 21nd LombinLd nod 11) l)21vl12132111151
D21 11 11 1v21sp‘L1'l'on11eLl.A11 ANOVA was Lanied out 211111leit1121tLL1 lSmeans 12111119 11111121th dose

191el with Loanpondmu 950’211 C1 was 211L11l211ed.

Hen/r111 12122211212125 221ml Tun:7.1)1'1111211': Patients

10111411111 the Al.1C0. 111‘112111115 011 Days 1 4 211111 10111211. included111 111L StaIEStiCt’tl following log-

11'211151011112111011 A compaiison between the activelv heated 11621111111 1'oluntLers and the COI‘t‘esponding
plaLLbo ErLatLd ones 1121:; madL. [11L Da1'4 111111111: sen'Ld 215 the 1121sL1111c the 171011139 011 D2115 l and
10 rcptc~iantLd respectivclv 1hL singlL and multiple dose effect. A11 ANOVA 1121» 1221111811 out and

estimated 15-means ratios 1'01 1:211:11 dose 1L1Ll 111111 Lo1rL1~pond1n<w 95/(1 CI were 122111111ated.

1'37)? 2 Diabwit' Patients

16-1111111'profiles ofglncngon. glucose and insulin on Days 1, 5. 8. and 1 1 and profiles between 9 and
1 1 hours 011 Days 0. 5 211111 1 l, innnediately following glucose challenge. were subjected to non—
L'L1111partnlci1tul analysis. ALEC9.;62111(1 AUCp.“ were computed and average glucose, insulin and
glucagon levels on Days 1, 5. 8. and 11 were calculated as AUCMI 16 21nd 11111321125 0, 5 21111} ll 21.;
A UC‘M 1.g111r<1se"2 -

0 Diuresis

'llle 24 11 diuresis on Dams 1 4 and .1 1 11011111621 .1113] 11111111113ch WLI'L' subjeL‘ILd to 2111 ANOVA and
estimde (lit1C1CHCL‘11n 15-111821113 for 2211:11 11038 iL1'L1 111111 c111“1Lspon(linL1 95°11 CI 11L1'L calculde

0 (.7111111'11111111111'211nd B11111 “31.113111

The 11211.11; 0‘110110 intake was calLulated for 21115111111! days. 1311111! 11112111112215 compzued 110111131211
active and plaoLbo 2152111 overall and 11' 1.111111 each close 1111'1:1,

Due to the 51112111111111]be ofpatients anosed to NNC 90-1 1?0 (121121 ”01111331161113 wue not subiLctecl
11:1 any 01 the above statistic-211 analysn;
EFFICACY RESULTS

0 N\C 90-1170 Pharmacokinet‘ics

llll1strated belowan mean [1121311121 concentration time profiles follow111g single and repeatLd once
(121in SC 21111111111311'1111011 oi NNCC90-l 1711 10110211111); volunteers. Mean-4' SD pharnnxcokincnc
parametus (only AUC, Al-C1121, Cum, tum. 111111 1..) followingthe 7.5, 10 and 12.5 11131115: doses are
511111.111211'1502'1 below:
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12.5 ”pg/kg

254 1L 9

(3%,. (mnol fl)

"‘l'mrmmiic mean.

The statistic: i analysis showed a dose-proportional increase: in (3,,m , AUCn.3.;Z‘ll‘ld AUCM following
single and repeated once daily SC administration of doses between 5-125 gigr’kg to heaitliy
subjects. There was smztli, but statistically significant, accumulation ($951445) ol‘NNC 904170

tbliowing repeated once ciaily udministmtiom except for the 5 itgfkg dose level. The ratio Ctisteady-

state AU (_‘._—,‘3,;VDU:;1;..='A _. Day] was not statistically significant from unity ([3:0096), indicating
linear pharmacokirtetics 01' NNC 90-1 170 following repeated SC administration.

Data were available from just two Type 2 diabetic patients, but they sccmed to be in accordance with

what was observed for the healthy subjects.

iy 1

Concentration(pmollL)  
”$3:
36

Time (hr)

Day 1.1
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Concentration(pmol/L)
 

Time (hr)

0 Pharmacotlynamic Endpoints

Hcall/1y Subjects

0 Them \» ?as a slight. but inconclusive. increase in insulin A{.lC‘O_3,‘ and subsequently a decrease in
glucose .AUC‘O.34 with an increase in exposure to NNC 90-1170 (Le, an increase in Al.§(;‘o.24 for
NNC 90-} HO) tbllowing both single and multiple 5c. administration.

Statistically, there was no significant trend towards a difference between active trcatment and
placebo in glucose AUCoQtt, except. lower Al.§Co.g.itbt' the 10 ttgfkg dose level. Within dose level
comparison showed no trends towards a difference except a higher insulin Al..tC?0_34 tollowing
active treatment for the l2i5 ttgi‘ltg dose level on Day 1 only.

Statistically, there was no overall significant trend towards a difference between active treatment
and placebo in insulin Al. N 34‘ except lower .-\.[.IC‘Q_34 for the 12.5 png dose level and
contradictory higher A1,;C().3;gf()l'll]€ S ttgfkg dose level. Wititin dose level comparison, there

was no significant trend towards a difference between active treatment and placebo in AUCM,
following single (Day l) and multiple (Day 1 1) 3c. dosing. except on Day 1 for the I25 ttgr’kg
close level. where AUCMJ wa$ lower lollowing active treatment and on Day 1 l for the 5 lug! g

dose level where ARCH.” was higher lbllowing active treatment.

For leptin, there was no overall trend towards an effect except. statistically significantly lower
A110,“; following active treatment for the 12.5 ttgt’kg dose level. There was no statistically

significant trend towards a difference between active treatment and placebo except on Day ll) for
the 12.5 tigf’kg dose level where Al.ng_m for active treatment was significantly lower than

placebo.

There was no overall statistically significant difference between active and placebo in body

weight. llowaver. there was an overall trend towards an increase in body weight following active
treatment for the it) rig/kg dose level only (p=0.002), with a statisti ‘ally significant trend towards
higher body weight following active treatment on Days 0 and l4.

The above finding in healthy subjects should be viewed with great caution due to the. small
number of subjects receiving either active treatment or placebo at each dose level.
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type 2 (liabclic patients

0 No conclusion could be drawn regarding insulin, glucose, glucagon and Ecptin due to limited data
obtained in this population.

 
 
 

 

 

 SAFETY RESULTS
. Adverse Events

A higher proportion of the subjects had AEs lollowing NNC 90-1 170 {9l ”12») than placebo (75%).
Most A135 were central and peripheral nervous .‘ *stcm disorders (dizziness and headache) follow-ring
both active treatment and placebo and decreased appetite and somnolence. mainly 'l‘ollot-ving. active
treatment. 'l’hirtcen ot‘the 22 subjects on active treatment at all dose levels experienced
gastrointestinal system disorders. mainly decreased appetite and nausea. as compared to 5 ofthe l2
placebo subjects. The vast majority of all adverse events were of mild intensity with probable or
possible relation to \NC 90-1 l7t’), particularly nausea . there were two severe adverse events, one

case ot’hyperglycaeinia in a Type 2 diabetic patient lbllowing 1.25 {lg/kg NNC 90-1 170 and another
of pharyngitis in a healthy subject following 7.5 ttgi’kg NNC 90-l I70.

 

   
  
  
  

  
 Four subjects were withdrawn due to Allis, all occurring during the multiple dose. phase 01' the study

(Days S-l I): one healthy subject with mild-to-modcrate dizziness and one 'l‘ype 2 diabetic patient
with severe hyperglycaemia and polydipsia at the £25 ttgikg dose level, one healthy subject with
mild nausea. dizziness, headache, appetite decrease and dry mouth at the 3’5 ugikg dose level and
another with moderate nausea and diarrhoea at the 10 itgz’kg dose level. All subjects withdrawn
were receiving active treatment. None of the adverse events were serious and the randomisation was

not broken due to these AEs related withdrawals. One 'l‘ype 2 diabetic patient receiving; placebo at
the 1.25 ttgt’kg dose level was withdrawn be ‘ausc ofhyperglycaemia. Subjects either recovered or
were with mild intensity ol’AlEs when they were discharged from the clinical unit. There were no
deaths in the study.
9 Clinical Laboratory Tests .

There was no indi *ation of an impact of'NN 90-1 170 on haenu‘ttology. biochemistry and urinalysis.
- Vital Signs, Physical Examination and ECG

There were no changes in vital signs. including 13?, pulse, temperature and respiratory rate. There
were no changes of clinical significance in physical examination findings. As judged by the
investigator there were no changes ol‘elini ‘al signili “mice in ECG evaluation.-
' Diuresis

Overall, there was a general trend towards lower diuresis following active treatment.
0 Antibodies against NN( 90-li70

All samples from healthy volunteers and Type 2 diabetic patients were tested negative for antibodies
to NNC 90—1170 lollowing single or r~ waited so. administration ot‘NNC90—l 17 at all dose levels.
CONCLUSIONS

0 Neither the safety, tolerability, pharmacokinetics nor pharmacodynamies ol‘NNC 90—1 l7() could

be assessed in ".l'ypc 2 diabetic patients due to the small number ofpatients enrolled in the study.

 
  

  
  

  
  
  

  
  
  

  
  
  
  
  
  

  
 0 there were 4 All-related withdrawals due to trial product. all occurring during the. multiple dose

phase of the study (Days 5—} 1). One h mlt‘lty subject due to ntild~to~moderate dizziness and one

Type 2 diabetic patient due tosevcre liyperglyeaemia and polydipsia, both at the 1.25 pgfkg

dose level. One healthy subject experienced mild central and peripheral nerves system disorders

at the 7.5 ugikg dose level and another moderate nausea and diarrhoea at the 10 ttgi’kg dose
level.

 
 

  
  
 0 Based upon adverse Alia. clinical laboratory results, vital signs, physical examination, ECG,

diuresis and antibodies against trial product. the. safety of; -C 90—] 170 lbliowing single and

repeated once daily s.c. administration was acceptable in healthy subjects.
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 The tolerabiiity ol‘NNC 90-1 l7t} in healthy subjects was difficult to assess due to variation in
adverse events between the examined dose levels.  c A dose proportional exposure \ tas demonstrated for AUC and Cum in healthy subjects,

indicating that linear kinetics applies in the dose range studied, with a slightly significant
accumulation ol‘NNC 90-l170 tbllowing once daily s.c repeated at'lntitnstratimi. Only limited
data were available from Type 2 diabetic patients, but they seemed to be in accordance with
what was observed for healthy subjects.

 
 

  
  
 G Overail, there was no statistically significant difference between active treatment and placebo

for body weight in healthy subjects.
 

  
 0 The statistical analysis showed no conclusive trend towards an effect ofNNC' 90-1 NO on

insulin glucose and leptin levels in healthy volunteers. ln ’l‘ypc 2 diabetic patients there. were a
smail number ofsubjccts at each dose level and thus no conclusion could be made on any ol’the
)lmrtnacmlynamic effects ofNNC 90—1 170 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:

/ . 83(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 [3H]-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 [3H]-lirag1utide in whole blood versus plasma.
- To assess the safety ofliraglutide after a single s.c. injection of [31-1]—1irag1utide.

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 trial investigating the liraglutide metabolite profile in

plasma, urine and feces in healthy subjects given [3H]-lirag1utide. 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 ([3H]) 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 of5 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 [3H] 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. 1f 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/mz.
Table 1 below shows the demographics of the enrolled patients.

Investigational Product and Dose Selection:

The maximum radiation dose of [3H]—1iraglutide to be given in this trial was calculated to be 325
uCi which, given the specific radioactivity of the radiolabelled 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 [3H]—liraglutide and
unlabelled compound was required.

Labeled and Unlabeled Liraglutide

The following trial products were supplied by Novo Nordisk A/S, Denmark:
' [3H]—Lirag1utide (47 ug/mL, 828 uCi/mL) at pH 8.15 in liraglutide 3 mL Penfill®

injection medium.

I Unlabelled liraglutide (6.0 mg/mL) at pH 8.15 in pre-filled 3 mL Penfill® cartridges for
3.0. injection.

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

 

 Trial Product Concentration Batch Number Expiry Date
[3Hj-Liraglutide Radiochemical: 828 trCTifnaL 29\VW' 14 December 2006

Chemicai: 47 tigme

Liraglutide 6.0 mgme RQ50575 '29 Evlareh 200.7
 

NDA 22-341 (Liraglutide) OCP Review 93



The final formulation of the trial product was manufactured at the trial site by mixing labeled and

unlabeled liraglutide injection solutions followed by sterile ”g” of the mixture. The final

formulation was injected 5.0. by a standard syringe and needle no later than 4 h after sterile\—

Table 1: Baseline Demographics of Study Population.
 

Sex (M (%3)
Males 7 ( 100%)

Ethnic Origin (Isl (%))
White 5 (71.4%)
Black or African American 1 (14.3%)
Asian 1 (14.3%)

N
Mean ‘ 56.
SD 4.
Median 57.
Min 47.
Max 60.

(3000de
He '1 ght ( m)

N
Mean
SD
Median
Min
Max l—‘l—“l—‘CKH .3:

We '1 ght 1'; kg)
N
Mean
SD
Median
Min
Max

«.1

4.

03014 mpmHtow-z «Jar—51321115.]v

BMI {kg/n12 )
N V
Mean 2 4 ,
SD IL .
Median 24 .
Min 2 2 .
Max ' 2 7 .

DxlU'lxleml
 

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 .M Analysis 3H-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 59% and
55% 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. U1 (Rt 3.4 min) was
detected in all subjects, U2 (Rt 4.2 min) was detected in 5 of7 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 1 1.5%

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 excreted as volatile components (13.7% in urine and
1.1% in feces).
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Pharmacokinetics Results:

The mean plasma concentration time profile ofliraglutide is shown in Figure-4.

Figure 4: Mean Plasma profile of liraglutide by formulation—linear scale
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The summary of pharmacokinetic parameters of liraglutide is presented below in Table-3

Table 3: Summary of Pharmacokinetic Parameter of Liraglutide.
 
AUCipmc:l*h/L) t1, 2 (h)

N ' '4' . 0 N 7 V 0
Mean 311122.41 Mean 15.6
SD 6176’? V 8 SD 2 V 1
Geometric Mean 306036 V 7 Harmonic Mean 15 .4
CV ~ 19 V 9 {TV 13 V 5
Median 320162 V 8 Median 15 .4
Min ' Min
Max ' Max

AUCiO—t) (pn101*}1;’L} CUP-:th}
N '1‘ . (I N 7 . 000
Mean 282364 V 2 Mean 0.682
SD 62811.2 SD 6.128
Geometric Mean 277314 . 2 Geometric Mean 0 . 671
(5.7 22.2 ' CV 18.775
Median 2925 5-941 Median 0.636
Min Min
may. Max

Cmc-ax (pmolfLII 'Jz,’F(L)
N 7 . 0 N 7 . 000
Mean 1 JSSS . 6 Mean 15 . 568
SD 3202.2 SD 4V242
Geometric: Mean 1023 3 . 8 Geometric Mean 15 V 02?
CV 30.3 CV 27.251
Median 1007-7 . D Median 1'5 . 310
Min _‘ _‘ ‘ ' Min
Max -—'—_’ Ma}: ______

tmaxih)
N 7. 0
Mean 11 . 7
SD 1. D
Geometric Mean 11 . 7
CV 8V1
Median 11 V 0
Min '

Max ‘ ’4 
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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

O 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 59% and 55% (respectively) of the total exposure (2-24 h).

0 No unchanged liraglutide was detected in urine or feces.
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0 1n urine three metabolites U1, 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.

0 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

0 1n excreta continuously collected until Day 14, 26.3% of the total radioactivity was
excreted in urine and feces.

0 Excretion of non—volatile radioactivity (liraglutide-related radioactivity) by urine and
feces was 1 1.5% ofthe total radioactivity (6.4% and 5.1%, respectively).

0 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

'0 Time to maximum liraglutide plasma concentration (tmax) was 11.7 h and W2 was
estimated to 15.4 h.

Distribution of Liraglutide in Blood versus Plasma

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

Safety Conclusions

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

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

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

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

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

Overall Conclusions

0 The radioactivity excretion profiles indicate that the metabolic fate and clearance of

Liraglutide is similar to that oflarge peptides

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

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

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

0 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 2 95%) could not be obtained. Also study revealed the existence of

some minor metabolites of liraglutide whose identities are unknown.

Am" ”is raw
w swam
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4.2.3 Single-Dose PD Study (NN2211-2063)

'I‘l't‘L'r-l 0F TRIAL

NNC 90-1 E70 Mechanism of Action: A Double—blind. Randomized. Single-center. Piacebo

Controlied. Crossover Study to Examine Beta-cell Responsiveness to Graded Glucose infusion in

Subjects with 'i' rpe 2 Diabetes
INVES'I‘IGATOR

Jeffrcv B. Halter

TRIAL srrr;

University of Michigan
Turner Geriatric Clinic

Department ol‘Internai Medicine
1500 '13. Medical Center Drive

Ann Arbor MI 48 10943920

PUBMCA’i‘IONS None

TRIAL PERIOD ' DEVELOPA-‘EEN'I‘ PHASE

'27 Februani 2001 — 30 October 2001 Phase I

OBJECTIVES

Primary Objective

- To assess the effect ofNNC 90~l 170, compared to placebo. on beta-cell responsiyencss 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 90-1l70»

treated subjects with type 2 diabetes with beta-cell responsiveness to the same conditions in a
control erou of heaithv volunteers of similar age and Bis/Ii.

METHODOLOGY

The trial was a double-blind, randomized. sittgloccnter,placebo-condoned. two period crossover

trial to evaluate beta-celi responsiveness to graded glucose infusion in subjects with type 2 diabetes.

A single—dose of NNC 90-1 £70 (7.5 rig/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 intervai between

dosing periods. A control group of healthy voiunt‘eers of similar age and BMI was included. This

control great) did not receive any trial medication. and only received the graded giucose infusion

during Period 1.

 

 

Subjects with type 2 diabetes on prior oral anti-diabetic a gent (OAD) monotherapy had prior

treatment discontinued before dosing in each of the study periods: one week prior for subjects on

insuiin secretogogues and one day prior for subjects on all other OAIDs. The medication was

restarted two days after ali 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 tug/(ti. (5 inntoilL), 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 alt subjects received a graded glucose infusion

procedure (with a test dose of placebo or NNC90-l 170 for type 2 diabetes subject‘s. no test substance

for healthy subjects). For subjects with type 2 diabetes. visit 3 occurred 343 weeks later, when

another graded glucose infusion procedure was perforated accompanied by a test dose of piace’bo or

NNCQO-l 170. 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 01? SUBJECTS PLANNED AND ANALYZED

Planned: up to 15 subjects with type 2 diabetes. up to 15 healthy subjects.

Evalnable subjects required: 10 with type 2 diabetes. 10 healthy subjects.
Enrolled and analyzed: 10 subjects with tV e 2 diabetes. 10 healthy subiects.
macxosrs AND MAIN (‘RITERL‘X FOR INCLFSION

The subjects with type 2 diabetes can be either newly diagnosed with at least two months on diet or
on CAD inonotlierapy for at least three months. Subjects with type 2 diabetes will have a screening

HbA“; < 12% with afasiing, plasma glucose (FPG) S 216 ingr‘dl. the day prior to Visits 2 and 3 (for
subjects with a screening liIbA;c > 9 and <- 12%). Ali subjects will be aged __ 18 and g 75 years and

will have a BMI .124 to g35 kginf.
TEST PRODUCT, DOSE AS!) 3101)}: OF ADMINISTRA'I‘ION. BATCH Ntmnna

N'NC 90—1 E70 injection SingimL 1.5 mL Penfill® cartridge: Batch number: 317010

Subjects with type 2 diabetes were to receive a single-dose ot‘NNC 90st [70 (7.5 ttgjkg) or placebo,

in random order, administered by subcutaneous injection.

 
DU RAT). 0N OF 'i‘RlilA’l‘h'i. 1%)”?

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 5.
weeks to 11 weeks. The duration of the trial for the healthy volunteers from screening to the last
follow—11 safety visit was from 2 to 6 weeks.

REFERENCE’1‘HERAPY.DOS£ AND MODE 0}? ADMINIS'I’RA'HON, BATCH NUMBER

NNC 9()—1i70 iniection vehicle 1.5 mL Penfili® cartritlee; Batch number: 31 ?05()
(.E'R'i'l‘iiRIA FOR EVALUA'1‘10N — EFI-‘KiACY'

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

Primary endpoints:

0 AGO of Insulin Secretion Rate (18R) over the 90—2 16 ingz‘dL glucose interyal (40-220 minutes);

18R was derived from the Capeptide concentration profile.

Secondary endpoints:

0 Siope of the mean 1SR versus mean glucose dose response relationship
0 ABC ofgiucagon concentration over the 40-220 minutes time interval.
- insulin Clearance: Mean l’SR divided by mean serum insulin concentration.
PHARA‘IACOKINFirm I“.\~'AI..1.‘A'1‘I()N

o NNC 90-1170 Iasnta concentrations
(ttti't‘ERIA FOR EVALUAHON — SAFETY

The safety assessments include:
Adverse events

Safety laboratories (biochemistry and hematology)

Physical examination

Vital signs
ECG

Hypoglycemic episodes

0TH ER EVALUATICNS

0 Proinsuiin. leptin. epinephrine. norepineln‘ine. triglycerides, free fatty acids. cortisol. and growth
hormone.

NDA 22—341 (Liraglutide) OCP Review ' 102



S’I‘A’l‘l’S’l‘ICAl- Mart-Ions

AUC of ISR and glucagon concentration over the 40-220 minutes time interval was analyzed using

analysis ofvariance (ANOVA) for the crossover design based on log-transformed data. lrtsutin

clearance was analyzed using. ANOVA for the crossover design based on log—transformed data. The

slope of the SR vs. glucose was tabulated and graphically presented for NNC 90-l 170 and placebo

subjects. All these parameters were also summarized for healthy subjects as a reference.

Frequencies of hypoglycemic episodes and subjects with hypoglycemia were tabulated.

The frequency of shifts 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 baseline data were summarized overall for laboratory data. Scatter

plot of end of study vs. baseline data were displayed.

Treaintent-emergent adverse events (TEAES) were defined as adverse events occurring during. the

time from the first dose of study treatment up to times 7 days after study treatment was terminated.
nnuoomrny or: TRIAL rortmimoot

The demographic and baseline characteristics ot’the trial population are tabulated by treatment group
in Table 1.

Table 1. Demographic and Baseline Characteristics of Subjects

Type 2 Diabetes Subjects Healthy Subjects
(N = i0) (N = 10)

Mcan i 81') Mean i SD

Age. years 62.9 :r 7.6 61 .3 i 7.3
Gender. Mil: p 6.14 55

Weight. kg 88.}. i 18.9 7 .2 l3.6

BMI. kgfin2 30.1 i 4.2 ,. 2.8
HbAic, “22> . 6.5 i- 0.8

Duration of diabetes. years 5.4 i 5.7
Cross-reference: End-of-Text Tabie 2

  

  

 

All enrolled subjects were of Caucasian ethnic background.

EFFICACY Rnsnm‘s

- The average response to NNC 904.170 treatment showed a restoration of C-peptide levels to those

approximating normal individuals. NN'C‘. 90—1i70 significantly increased the AUCan for the
insulin secretion rate (over the 90«2i6 tttgde glucose interval, times from 40 to 220 minutes) as

compared with placebo. suggesting that NNC 90—i E70 improves beta-cell responsiveness to

increasing blood glucose concentrations in subjects with type 2 diabetes (Table 2). AUCWQW iSR

values for INNC 90-3 170 were .not significantly different from those obtained for healthy

volunteers over the same glucose interval. further suggesting that NNC 90-} 170 restores beta-cell
function.

. The slope of the mean ISR vs. mean glucose ievel for NNC 90-1 170 teas significantly greater than

that for placebo. and similar to that seen in healthy volunteers (Table 2).
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. Insulin clearance and the AUC(40.330‘, for glucagon were, not significantly diffcrcni between placebo
treatment, N'NC 90-l 17011‘eanncnt. and healthy individuais (Table 2).

. The mean AUC for NNC‘ )0—1170 plasma concentration (from time 0 to 17 hours) was 6.l x 10"

131110151. for type 2 diabetes subjects. The mean Cmax for NNC 90-1 170 was 5.9 x 10'“ pmoli‘L. The
mean Tmax forNNC 90-1270wzis l3.E hours.

Table 2. Efficacv End mints

_ » Treatment Phase

N: of Subiects "rreated '

Primary Efficacy Endpoints —
AUC(40~220) oi‘ISR (pmolfmiifikg) (pmolr’min’i‘kg) ( nnol min*krz)

 
 

Mean (31) 667.6 336. 1129.? 473.94) 1206.9 314:?)
Median 592.0 1077.2
Min. _ Max. 278.2 _ 1212.2 686.5 — 20345 ~ 693.0 _ 1847.0

p~vnlue vs. NNC 90-1171) < 0.00: — 0 487
Secondary Efficacy Emlpoints (pmoli‘dij (pmol’kdif . 3 (pmol*dl.£
Sloae ol‘Mcan ISR vs. Glucose minfimfic} min*mc*ke) inint‘inct‘kg)

Mean (SD) 0033 (0.024) 0.070 (0.049) 0.083 (0033)
Median 0.023 0.055.

Min. — Max. 0.008 — 0.079 0.019 — 0.177 0.048 —0.165

p‘valuc vs. NNC 90] 170 0.014 ‘ 0.472

AUCMO-ZZO) ofGlucagon ( 32*ininhnL ( 32*nriniinii..) ()0*111i1miil..)
Mean (SD) 151545111) ”14462 (4426) 1 1828 (2431)
Median 13265 13526 12090
Min. — Max. 9902 — 24333

p-valuc vs. NNC 90-1170 0.32.5

Insulin Ciearance (Limin’r‘ ’9.) (Lllniifikv)

Mean (313) 0.055 (0.01?
Median 0.052 0.058 0052

Min. - Max. 0029 — 0.096 0.03} — 0.093 0.030 — 0.080

p—value vs. NNC 90—1 1 "10 0.669

 

 

  
 

 

 
 

 
* Dara 1'01'9 healthy vohmteer subjects were analysed for AUC of glucngou.

SAFETY nr:sur.;rs

. There were no serious adverse events during this clinical trial.

. Three patients (3f10) treated with NNC 901 170 experienced treatment-emergenr adverse events.

all ol’which were considered mild: headache. anemia, and diarrhea. Two placebo-neared patients

(Zi’i O) experienced TEAE: mild diarrhea and a procedural sire reaction. No healthy volunteers

experienced any adverse events.
- There were no hv 09,1 rcemic events re )oned.

 
Sponsors Conclusion:

0 Liraglutide effectively restored beta—cell responsiveness to increasing blood glucose

concentrations in subjects with type '2 diabetes. Insulin secretion rates with Iiraglutide
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 Iiraglutide treatment yielded a slope

similar to that achieved in healthy volunteers, but significantly greater than that seen with

placebo treatment. .
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0 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.

Arrmastmsiw
err 0mm“
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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-bikini placebo~controlled, randomised, cross—over
trial

Trial ID NNZZ] l~l332

 
  

 

 

Liragl‘utide (NNC 904 my
 
 
 

  
 

Diabetes mu

prof ore sum, MD

Department of Medicine C, University Hospital of Aarhus,
Denmark

Trial Initiated 9 May 2001

Trial Completed ll February 2002

Clinical Drug Development, 'Novo Nordisk AXS

Novo Allé, 2880 Bagsvaerd, Denmark

International Meclical Milan Zéravkovic, MD PhD.

Officer Novo Nordisk .A/S

international Clinicai Bodil Elbrond, MD. \

Project Manager 'Novo Nordisk A/S

international Trial

Manager

Gz‘ethe Jako’bsen, MSC. Pharm.

Local Trial Manager

 
  

 

 
 

 

   
 
 

 
 

 
 
 
 

 
 

 

 
 

 

 
 
  

 

 
  

  

   

Novo Nordisk A/S

Statisticians

Jonas Ranstam, ?l].D., Novo Nordisk Ar’S

.Dorte Skydsgaard, Novo Nordisk Scandinavia A/B

Medical Writer Kaine Kruse, M.Sc., Nevo Nordisk AIS

Tu Duyen Le Thi, M,Sc., Novo Nordisk A58

17 November 2003 .
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TITLE OF TRIAL

Effect of‘liragintide on 24-hour glucose and hormonal profiles, gastric emptying, and fasting
gluconeogenesis in type 2 diabetic subjects.
A double-blind, Eacebo—controlled, randomised, cross—over trial
INVES'i‘IGA’I‘OR

Dr. Ole Sclnnitz

'l‘RiAL Si'I‘E

De amnent of Medicine C, Universit 'Hosital of Aaritus, Denmark
PUBLICA'I'IONS

KB chn, CB Jultl, J Sturis, G Jakobsen, V Chandramouli, B Landau, O Schmitz: One week’s

treatment" with NNZZI l, a long~acting GLP-l derivative, markedly ameliorates 2441 glycemia and
[i-cell function and reduces fasting endogenous glucose production in type 2 diabetic patients.
Diabetes 2003; 52(suppl l): A116.

KB Degn, CB JuhU Sturis, G Jakobsen, V Chandramoulia J Rungby, BR Landau, OE Sclmiitz: One

week‘s treatment with NN22 .l l , a long-acting GLP-l derivative, significantly improves first phase
insulin response and other markers of fi-cell function, reduces endogenous glucose release, and
aineiiorates 24-h glycaetnia in t e 2 diabetic patients. Diabetologia 2003; 46(suppi 2): A285,
‘I‘RiAL PERIOD ' l).E\»'El.;0P;VIEN’I‘ PHASE-

9 May 2001 to i l Februm I 2002 Phase II
()BJEC’I‘IVES

In type 2 diabetic subjects to assess the effect ofliraglutide after treatment for 9 to it) days on:
PHI/2(7):)? objective:

. 24-hotirp1351na glucose profiles

Secondary oly‘ectims:
. insulin secretion

- fasting rates of endogenous glucose release (EGR), giycogenolysis (GLY). and glyconeogenesis
(GNG)

~ circulating glueagon profiles

. circulating free fatty acids (FFA) profiles

- gastric emptying, rate
imrmacokinetic rofile instead state
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it IETH0901.0CY

- The triai was a singlecentre. randomised. double—blind trial in subjects with type 2 diabetes.

Liraglntide and placebo were injected subcutaneously (so) for 9 to 10 days in a cross-over design.

Previous treatment with oral ilflDOglyCHCllliC agents (CHAS) was discontinued 2-3 weeks before

each treatment period

The trial was comprised of seven visits; Visit 1 (screening to assess subject eligibility). Visit 2
(randomisation, initiation of treatment period 1), Visit 3 (experimental session I), Visit. 4

(telephone contact), Visit 5 (control. initiation of treatment period 2), Visit 6 (experimental session

2), and Visit 7 (follow-up).

A geriod of 9«ll weeks was included between the two experimental sessions, as a relatively large

volume of blood was drawn at each of the experimentai sessions, Also, both OHA treatment and

glycaemic control had to be reestablished 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 stimulation (3 fixed

meals — breakfast, lunch, dinner — were served) and corresponding 24~hour profiles (Day 1), and to

measure endogenous glucose release (EGR). gluconeogenesis ('GNG), indirect calorimetry, and
resmnse to a hv erlvcaemic clan} (Dav 2).

NUMBER OF SUBJECTS PLANNED AND ANA] X5151)

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

Type 2 Diabetic Subjects 

Screened
Screening Fai lures
Randomised

Exposed
Wi thdrawals
Completed 

DIAGNOSIS AND MAIN CRITERIA FOR INCLUSION

Subjects with type 2 diabetes of both sexes with a body mass index, (BMI) S35 kgz’niz, either diet or

OHA treated. At randomisation, fasting piasma glucose had to be within 7-i5 mmol/L (both
inclusive).

TEST PRODUCI‘, DOSE AND none 0? Al‘nsliNIS'I‘RA'rION, BATCH NUMBER

Liraglntide. once daily (in the morning) so. injection 0% rig/kg (corresponding to 0.55 mg using the

mean body weight OWL-”t kg found in this trial), corresponding to 1.2 ith’kg of the S nigjniL
aration. batch no. 317010. 317012

INERATION or ’l‘RIiA'E‘Mlz-NT

9 to 10 days

REFERENCE 'l‘lII-ZRAPY, nose AND MODIEZ- or ADAIIN’ES’i‘RATION, BATCI'I NUMBER

i’lacebo (vehicle of liraglutide), once daily (in the morning) s.c. injection (1 .2 uLfkgL batch no.
317005
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('Rl‘i‘ERIA FOR IZ\-’Al,l?:\’l‘l():\i — Brenner

Primary endpoint:

- 24-hour glucose profiles after three fined meals
Secondary endpoints:
. insulin secretion

-24—hour profiles after three fixed meals

first phase and maximal secretory capacity after a hypcrgiycncmic clamp and arginine bolus

. endogenous glucose release (EGR), glycogenolysis (.G'LY)‘ and gluconeogenesis (GNG)

-EGR expressed in rngi‘kgimhi using a labelled glucose method

-GNG expressed in ingkgr‘min using a labelled water method

-indirect calorimetry

. glucagon and free fatty acids (FFA) profiles

«24vhour profiles after three fixed meals

. gastric emptying rate

4-hour paracetamol profiles after two fixed meals

. pharmacokinetic profile in. steady state

60-hour profile (AUC, C“m, tum, I»)

. leptin

-4-hour profile after a fixed meal (dinner)

. pro-insulin
4-hour rofile after a fixed meal (breakfast)

(.‘Rl'I‘tiRIA FOR EYAI.,UA'I‘ION — SAFETY

Adverse events. hypoglycaemic episodes. vital signs and ECG, physical examination. haematology
and biochemistrv
S‘i‘A’l‘IS‘I‘lCTAL sternum

. For the efficacy endpoints the null hypothesis was that the effects of treatment with liraglutide and

placebo did not differ. The alternative hypothesis was that they differed. A 5% significance level
was used.

. 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 a random

factor. The analysis can be regarded as a paired t-test of the treatment effect aliowing missing

values and with adjustment for period. 95% confidence intervals for the mean differences between

liraglntide and placebo were consn'ucted. These confidence intervals were based on variance
estimated in the mixed model.

. Secondary endpoints were analysed using the same technique

. Pharmacokinetic endpoints were summarised.

. Adverse events were summarised by treatment. NN—ARD (Novo Nordisk Adverse Reaction

Dictionary) system-organ class and preferred term, and described by sunnnary statistics; number of

subgects with event, percent exposed subjects with event, and number of events.

. Hypoglycaemic episodes were to be listed by treatment and subjects

. Abnormal ECGs, Vital signs, biochemistry, and haematology data were listed individually and

summarised by treatment and visit. and described by summary statistics.
DEMOCmAPHY OF TRIAL P(')I’i€l.-A‘I‘I()N

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 lag/11f and mean fasting plasma glucose at
randomisation (after 2 weeks of wash-out) was 9.8 mmolr’L, confirming the diabetic state of the

subjects (fasting serum glucose >18 unnolz’L, according to the [997 ADA criteria)” Previous
diabetes treatment was e uallv distributed among diet and OHA.
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tai‘s‘rtrtarv Rtisntjrs

24 hour profiles:

. For the primary objective, 24-hour glucose profiles, liraglutide treatment provided 24-hour

glyeaetnie control, as glucosewcmm 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 AUCLOQQ, or fasting values of insulin and C~peptide.

The overall glucagon level (glucagonmgr-mit') was significantly inhibited after treatment with

tiraglutide.

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

No statistically significant difference could be demonstrated for insulin secretion rate (‘ISR't

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

after placebo. '

Hyperglycaemic ciamp:

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

addition, first phase insulin response improved after liraglutidc treatment.

During the steady state part of the clamp, treatment with liragltttide increased mean tevels of

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

Maximum insutin and C-pcptide concentrations after arginine infusion were statisticain

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

significant difference was seen for maximum concentration ol‘pro-insulin, while the maximum

glucagon concentration was statisticaily significantly lower after liraglutidc treatment.

Other endpoints:

. [i—cetl function (insulin secretion, lSECImMA) was statistically significantly increased after

treatment with iiraglutide, whereas no statistically significant differences were seen between

treatments for insuiin resistance (lIRES,.1(;)MA) 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 astatistically significant towering of endogenous glucose

reiease, 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.

. The 30-hour liraghttide plasma concentration profile confirmed previoosiy obtained values for

AUG. Cum, tmax (mean 10.3 hours), and 1% (harmonic mean 183 hours).
SAFETY RESULTS

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

placebo treatment.

- Adverse events reported by more titan one subject during iiraglutide treatment. included headache

(N=4). nausea (hi—=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.

- Ail adverse events were mild. except for a singie moderate event of bursitis (unlikely related to

trial product), of transient nature. and resolved without intervention.

. No serious adverse events. adverse event withdrawais, or .hypoglyeaentic episodes occurred during
this trial.

. No clinically relevant chances were observed for vital signs, ECGs, or clinical laboratory tests.
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CONCLUSIONS

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

treatment with liraglutide (6 ttgfkg):

. provides significant 24410111~ glycaemic control

. does not influence 24-hour insulin secretion rate profiles

. has the potential to improve [l—eell sensitivity as measured by first phase insulin response and pro-
insulinflnsulln 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 pharmaeokinetics as previously reported

- is well tolerated: adverse events (mainly headache and nausea) were mild and resolved

spontaneously

. does not affect vital signs, ECG. or clinical laboratory assessments to any clinicall

 
 
 
 

 
relevant degree   

Trail Design:

OIIA a“, ‘ ' . . ORA '
i . v’l'rralmedrea‘ttrong OHA resumed . . ’ . i ,.discontinued . ‘ ' : discontinued ‘ ‘ medication.

2—3 weeks _ p . “ 3 ' "1811‘ i '   
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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, ISECHOMA, was derived as follows:

ISECHOMA = 20><fasting serum insulin (uU/mL)/[fasting plasma glucose (mmol/L) — 3.5]
Insulin resistance, IRESHOMA, was derived as follows:

IRESHOMA = fasting serum insulin (uU/mL)><fasting plasma glucose (mmoI/L)/22.5
Insulin sensitivity, ISBN, was derived as follows:
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lSEN = GlR/mean serum insulin (uU/mL),

Where, GlR 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:

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

treatment with liraglutide (6 pig/kg): '

0 provides significant 24-hour glycaemic control

0 does not influence 24-hour insulin secretion rate profiles

0 has the potential to improve B-cell sensitivity as measured by first phase insulin response

and proinsulin/insulin ratio

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

0 inhibits 24—hour glucagon profiles

0 does not slow gastric emptying rate at the tested dose

- demonstrated steady state pharmacokinetics as previously reponed
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0 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.

’ 5”” 5% ifitfimwis éi‘tfi'aiw
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4.2.5 Single-Dose PD Study (NN2211-1224)
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 TITLE OF TRIAL .

Effect of lirttglutide on hypoglycaetnie counter—regulotion during stepwise hypoglycaemic clamp in type 2 diabetic
subjects. A double~biind, lztcebo-controlled. randomised, 2— eriod crossover trial.
:NVESTIGATORS ’

Dr Michael Nanck and Dr Marcus Homesch

TRIAL SITES

Dinbeteszentmm. Bad Lnuterberg. Germany (Trial site I) and
i’rot‘il lnstitnt fiir Stoffwechselforscintne. Ncuss. Germ-aw (Trial site 2}.
i’UBLICATIONS

s Nztttck. M.. ELQUthIidi, A.. Humpesclt, M.. Jacobson. J., Elbt‘oend, B. No impt-timtem' of hypoglycemia
comtterreguiation via glucagon with NNZZ-Zi l, a GLP-l derivative, in subjects with type 2- diabetes. Diabetes. V01.
52 (Suppiement .l) 13. A128 (2003}. >

. Nanck. MA. EluQnagtilidi. A., Hompescli. M. Jacobson. J.. Elbroend. B. No impairment of hypoglycemia
conntcn‘cgulatimr viz: glneagon with long-acting GILP-l derivative, NN22I l> in subjects with Type 2—di2tbetes.
Dinbetot‘oloeitt 46: (Su Moment 2) .AZSS (2003)

TRIAL PERIOD DEVELOPMENT PHASE

()2 May 2001 ~ 14 December 200i Phase i
OBJECTIVES

Primary" olfietlim:

. To examine the effect of liragitnide on the hypoglyczteinic counter-regulation.
Secondary Objeclil‘w‘.‘ >
~ To assess the safety and tolerability of limglutide.
. Assessment of the hartttztcokinetics of sitIOIe subcutaneous doses of iit'aeiutide in ty
METHODOLOGY

. A 2~eentre. randomised, double-blind, cross-over trial in subjects with type 2 diabetes. Each subject received one
subcutaneous injection of 7.5 ttglkg lirttglut‘ide and placebo in 21 random sequence.

_. Each subject attended a screening visit. a treatment visit consisting oftwo treatment sessions on separate days,
foliowed by a followup visit. At each treatment session around midnight, a single dose of lirttgltttide or placebo was
administered subcutaneously and approximately 9 hours later. glucagon secretion was assessed for 240 minutes
during a ltypoglycaemic clamp by concentrations measurement. Insulin was in fused continuously intravenously and
at a constant rate. The clamp was conducted at four different plasma glucose levels (78. 66, 54 and 42 ntgr’dL
corresponding to 4.3, 3.7, 3.0 and 2.3 mmol/L), which were achieved by variation of the glucose infusion.

. Insulin. glucose. cortisol. growth hormone, adrenaline. noradrenaline and C—peptide were measured for metabolic
control.

. A continuous lztsma rofi 1e of limelutide was measured during both treatment: do Is.

    

 

 

 
 

 

 

   
 

  
  

   
 

 

  

 

 

 
  

  
  

  
  

  
  
  
  
  
  
  

  

 e 2 diabetic snbiects.
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NUMBER OF SUBJECTS PLANNED AND ANALYSED

A total of 15 Subjects were planned for enrolment to obtain i3 evainabic snbjeeis. The subject disposition is shown
below

jects with Type
Screened
Scren *ng Failurese

i
. d

SKpOSed ITT?

16%l
Adve’ e events 0%)
Non » compl fiance “ 1 <5 35?
other 0%)

Comp“ ‘ ~ .16 l 84%) 

intention To Treat
Successful Clamp analysis set

DIAGNOSIS AND MAIN CRITERIA FOR INCLUSKON

Subjects of either sex with type 2 diabeles and aged 30—65 years were planned for inclusion. Subjects were to be diet

andror OHAs treated for at least 3 months, with a body mass index (BMI) S. 38 i<g.g.:"m2 and HbAn :2 11%. Fasting
lnsma glucose was to be 3 l2 nnnoliL (S 8.88 rnmoli’L for {rial site 2).

TEST PRODUCT, DOSE AND MODE OF ADMINISTRATION, BATCH NUMBER

Lirngluridc: 5 mgz’mL: 7.5 ngr’kg (corresponding £0 a dose of 0.68 mg m :1 mean weight of 90.1 kg): subcutaneous
inicciion; batch number 3 l70l2
DURATION OF TREATMENT

Two (2) sinolc doses on 2 se )arznc treatment (in

REFERENCE TflERAPY, DOSE AND MODE OF ADMTNISTRATION, BATCH NUMBER

Placebo (iiraslnridc vehicle); Subcutaneous inicction: batch number 317005
CRITERIA FOR EVALUATION -— EFFICACY

Elficargv ram/paint: glucngon secretion measured as mean glucagon for each ol‘ the four 40-minute clamps 211’ 78, 66, 54
and 42 mgde (4.3. 3.7, 3.0 and 2.3 .m.inol;’L) glucose concenlrarions performed over she 0-240 minute period.
Secondarily, insuiin, glucose, cortisol. growth laomione. adrenaline, noradrenaline and preptidc were measured as for
glucagon secretion. Addilionally, glucose infusion rate and insulin secretion rate were calculated.
Phat-nracokimzlic em'hoz’nis: AUC. Cum-x. tnm. n: CLr’fand Vii” derived from the liragluiide concentration nine rofiles.
CRITERIA FOR EVALIEATiON — SAFETY

Adverse events. hy oclycaemic e isodcs. haematoloav and biochemistry. vital signs, ECG and hvsical examination.
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’srartsrtcnc METHODS .
. Efficacy analyses were carried out on the basis of two analysis sets (intention to treat (IT?) and successful clamp

(SC) analysis set}.

- For the efficacy endpoints, the null hypmhesis was that there was no diftercncc in response between liraglntide and
1 placebo. the alternative hypothesis was that the response of liraglutide and placebo differed. 95% confidence

intervals for the mean differences between liraglutidc and placebo were constructed for each clamp level.
l- The primary endpoint (mean glucagon over the time imervals for the different clamp levels) was analysed using a

mixed model. assuming Gaussian distributed residuals and with period. centre and treatment as fixed factors and

I subject as a random factor.
. The secondary endpoints (insulin. glucose, glucose infusion rate. cortisol. growthhormone. adrenal inc,

noradrenaline. C‘gpeptide and insulin secretion rate) were analysed the same way as the primary endpoint.h Additionally. a longitudinal analysis was performed for all efficacy parameters during, the clamp period for, the ITT
analysis set and the SC analysis set. The mixed model uses subjecrs 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 itypoglycactnic episodes (minor and major)
and the number of subjects experiencing hypoglycaetnia were sntmnarised by treatment and dose.

. Safety laboratory parameters. Vital signs and ECG were summarised by visit and treatment using descriptive
statistics. m

DEMOGRAPHY OF TRIAL POPULATION

Nineteen {19) Caucasian subjects were randomised in this trial: l4 males and 5 females. The mean age was 54 years.
mean BM: was 30 leg/m2 and mean duration of diabetes was 7 years. The subjects were well controlled with a mean
'l-iibA;c of 7.2% and a mean FIPG of 8.1 tnntolil'... Sixteen ('16) subjects were OHA treated. whereas 3 subjects werediet-treated.

EFFICACY RESULTS

lPrim-ary endpoint
. Mean plasma glucagon increased by 15-fold with progressive hypoglycaentia and there was no statistically

1 significant difference between treatment with liraglutide or placebo (p=().759t)).

 

 
 

 

Secondary endpoints

. Insulin was infused throughout the clamp procedure to reach steady state levels with no statistically significant
difference between treatments ($09988).

. Met-tn glucose values for the ITT analysis set were statistically significantly different between treatment groups
(p=().(l408). However. this difference was eliminated by exclusion of the 8 subjects who were unable to reach a
satisfactory glucose level at. the last clamp level (below 50 myths or 2.8 nnnoliL). p=£l.6i(i7. There was no
statistically significant difference in the glucose infusion rate (GIR) between treatments (pt—”05489).

. Mean cortisol levels and mean noradrenaline levels, increased with progressing hypoglycaemia. with no statistically
significant differenCe between treatments.

0 Mean growth hormone levels increased with progressing hypoglycaetnia in both treatment groups. However, there
was an inhibition in increase for subjects treated with liraglntide as compared to placebo, and the difference was
statistically significant (p=0.0320). Similar results were seen for adrenaline (p=0.0389). ‘

. Mean C-pcptide level and insulin secretion rates were higher for subjects treated with liraglntide as compared to
subjecrs treated with placebo during the clamp and the difference was statistically significant (p<O.G()Ol and
p=0,0(l26. respectively}. The difference was most distinct at the highest glucose levels. which is in accordance with
the g1ucose~dependent mode of action of liraglntidc.

. The 84—hour limglutide plasma concentration profile confirmed previously obtained values for ABC. Cnm, tmax
{mean 12.4 hours) and t {hamtonic mean 13.4 hours).
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SAFETY RESULTS

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

. No serimis adverse events were reported.

. Relation to treatment was considered possible for 2 treatment emergent adverse events (nausea) reported in 2
subjects treated with lit‘aglutide. No subjects treated with placebo reported treatment emergent adverse events
probably or possibly related to trial product.

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

. One (1) subject reported 2 events ol‘syniptonnttie hypoglyeztemic episodes. Both events were considered non-
treatment related.

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

   

 

Trial Design:

| t l l
I l I I
I t I v
I t i ‘ p
' I I n h . . I . - V2 ' ’ '
: ;\ Insulin infused 1N. atconstant rate» ~:
1 i daringelztnip ’ ' ’ I
I I l il I l l
I I I I

, _ _ . g >3 v r

l Liragluttde (7.3 tigz’kg) orplacebo l -. i , €07; 5’ E: is 52:); i' - i l.‘ c u r: c .. i
: s.c. Single dose . .- 59:31) _, 92 3 33 Ng I I z ,_ , 5: :1 ’_ p} ,_ -l) ’. g E .7 z: '32 ._ :7 E

I . ' ii; §¢ 53' §gi
——tt it— t—t l "i,l i 0! 2t) («‘0 30 1‘30 140 180 20:) lilDIuman

l l l lI _ i _ I , 3

; 9 h prior to clamp ; L: - 2 h ; 4 h hypoglycaenne clamp ;I I l D
l I D I

A single s.c. dose of liraglutide 7.5 pig/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 O, 2, 4, 6, 8, 10, l2, 14, 16,
24, 36 and 84 hours after dosing for pharmacokinetic assessment.
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0 20 4o 60 8‘0 100 120 140 160 180 260220 240

Time (Minutes)

—-- The mean profile for placebo
__ The mean profite for iiraglutide

regiutide a) Placebo ( Liragiat a —P acebs (h   

Baseline
N 11 11 11
Mean (S.E.M 3 76.32 ( 8.46} 78.4% ( 8.01E —2 630 € 3.73:
95% C.Z. [-22.49 , 37 2a;

73 mgjdL
M 11 11 11
M a (S.E.M.) 77.97 ( 4.88} $6.34 ( 4.79} —2.7¢9 ‘ 3.43}
95% C.{. » {-19.47 ; 4.952}
p Veiue 6.4888

66 mgdeN 11 11 13
Mean (S.E.M.) 95.40 ( 5.77} 94.49 ( 6.66) 0.932 I 5.64}
95% C.E. [-10.58 ; 12.4%}
g-"alue 0.8700

54 mgjkL
2 11 ll 11
Mean {S.E.M.) 117.85 { 8.25) 109.32 ( 7.21? 8.666 C 4.80}
93% C Y {-1 118 ; £8 43}
p value 0.0866

42 mgjdL
N 11 ll 13
Mean (S.E.M.E 120.80 6 8.193 123.34 {10.38} »2.695 § 6.353
95% C.I. [*15.64 ; 16 343
gnvalue 0.6739 

(3) Descriptive szatistice
(b) The statistics are obtained tram a mixed mode} with subjects as a random

facccr afid visit, treatment and cent 9 as '
An asterisk indicates statistical s '

 
1fica:   

 Lengitudinal analy
 

w 1:
L n (S.E.M.) 1.033 I 3.35}
95% C.f. [—5.607 ; 7.6?33
p value 6.7398

Cenzre efifecc p a 0.6933
Céamy efifécr p = 0.0000
Centre*:reatmant was not 5

 

ignificant p =0.9135 

The stetévtics are thained from a mixed model with subjects as a random factor anfi visit,
:reatmeni, centre and clamp level as fixeé factors.
an interaction term centre*trea:ment was also investigated. If not signifiican: it was removedCram the medal.
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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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b) no PK parameters cook! be caicuklted due 10 no c¥immation phase
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This trial demonstrated that glucagon responses to hypoglycaemia were unaffected by
liraglutide at a dose of 7.5 rig/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-l 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 ug/kg:

0 does not affect the glucagon response to hypoglycaemia

0 does not impair the overall hypoglycaemic counter-regulation response

0 induces minor statistically significant differences for adrenaline and growth hormone

0 (suppressed release relative to placebo)

0 in accordance with the glucose-dependent stimulation of insulin secretion, lSR 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)

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

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

Reviewer’s Comments:

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

  

 
 

 

  Trial Registration lD-mtmbcr EudraCT number - EU only }
Not applicable ZittltS-OOOSW-SO
Title. of Trial

A 4 Week DoublevDutnmy Randomised. DottblevBlind. Balanced lncotttplcte Latin Square Design Study to Evaluate
the Effects of 'Liraglutide on Appetite in Subjects with Type 2 Diabetes Compared to Glitnepiride and Placebo
investigators

Principal and signatory investigator. Australia. Michael Horowitz. Professor. MD

Principal investigator. Germany, Christoph Kttpitza. MD
Trial Sites

Department ofMedicine. Royal Adelaide Hospital. North Terrace. Adelaide. South Australia sorta Australia
Prom institut ll’tr Stol‘t‘wcchselt‘orschung GmbH. Nettss. Germany
Publications

Not applicable
Trial ?criod

23 NOV 2005 to 26 Sep 2007

Objectives
Primary Objective:
0 To assess the effects ofsnbcntanconsly administered Iiraghtttdc on energy intake in subjects with type 2 diabetes

compared to glimepiridc and placebo
Secondary Objectives:

o To assess the elTects of liragltttide on macronutricnt distribution in subjects with type 2 diabetes compared to
glimepiride and placebo ,

0 To assess the effects of liraghttide on satiation and satiety in subjects with type 2 diabetes compared to

glimepiride and placebo

° To assess the effects of liraglutide on antral area and gastric emptying compared to glimcpiride and placebo
0 To assess relationships between the effects of liraglutide on appetite and antral area.

o To assess the effects of treatment on energy intake adjusted for sensations of appetite. hunger, fullness. satiety
and nails *t‘ as measured by VAS-settlcs '

. To assess the relationship between energy intake and mean antral area at baseline and immediately before intake
of a buffet meat as well as between energy intake and change in antral area

' To assess the ellects of liraglutidc on postprandial metabolic and hormonal responses compared to glintcpiridc

and placebo ‘
- To assess the effects of liraglutide on resting energy expenditure compared to glitncpiridc and placebo
v To assess safety and tolerahility of liraglutidc during 4 weeks treatment

0 To assess the effects of liragltttidc on tnacmnrttricm distribution in subjects with type 3 diabetes con'tpared to
glimepiride and placebo

Methodology
0 A double—dummy, randomised. doublc~blind two~cetttre study with balanced incomplete iatin square design

comparing the effect of liraglutide (Ii .8 mg). glimepiride and placebo on energy intake at an ad liln‘tum buffet
meal. duration of the meal, maetomttrient distribution. appetite sensations and nausea. gastric distension
(assessed by ultrasound incasttretrtems of antral area). gastric etttptying (assessed by paracetamol concetttrat ions)
and metabolic and hormonal response.

' Subjects discontinued current oral anti-diabetic drug (CAD) treatment and were randotttiscd to treatment group
(a) liraghttidc followed by placebo, (b) placebo followed by glit'ttepiridc or (e) glintepiridc followed by
lirttglutide. The trial consisted ofa screening visit to assess eligibility (Visit l .l performed 3—35 days before the

 

 
  

  

 
 
 

 
 

 
 

 
 

  
 
 

 
  
  
  
 

  
 
 
 
 
 

 

 

 

  
 
  

 

Development l’ltase
Phase I  
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two treatment periods (Visits 25 and Visits 6-9) each lasting 4 weeks with 3-5 weeks \ ’ash-otn in between. The

total trial duration was up to 19 weeks.

- Liraglutide was given using a forced three step dose escalation (0.6. l2 and 1.8 mg): the dose increased each
week until the subjects reached l.8 mg. Glimepiride was given using a stepwise dose~cscalation (1,-2. and 4 mg):
the dose increased each week. however. the current dose level was maintained when the fasting blood glucose
(EEG) was above or equal to 6 annolr’L but below 7 nnnolg’L. ll" the PEG was below 6 nnnolr'L the dose
decreased to the next whole capsule down. lowest dosing being i mg.

Test Days 1 and 2 (Visit 5) and Test Days I and 2 (Visit 9)
Alter two weeks of treatment at the third liraglntidel’glimepirideiplacebo dose levels there were two testing clays. Test
Day I was a meal test that included a preload paradigm, The prelottd was a palatable liquid mixture of yoghurt.

cream etc. (250 kcat ~ 1047 kl} known to suppress subsequent food intake and suitable for ultrasound imaging. Lt)
gram of pa ‘acetamoi was included in the preload. One hour later an («I liliilzun bullet-style meal was served. Gastric

distension. gastric emptying, duration of eating, amount of energy consumed and sensations of appetite (hunger.
fullness and satiety) and nausea were measured.

011 Test Day 2 the resting energy expenditure was measured (after having fasted overnight) before an («I libi/um
buffet-style meal without a preload paradigm was served. Again. the duration oi'catiug. amount of energy consumed.

sensations of appetite (hunger, fullness 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. 1 It: subjects were screened and
the 46 subjects that were randomised and exposed to trial products were included in the safety analysis set. Four (4')
subjects withdrew from the trial due to adverse events (ABS). tints 42 subjects completed the trial. Four (4) subjects
were excluded front the pltarmacodynamie (PD) analysis set because of non-compliance or violation ol‘an inclusion
criterion. Therefore, the PD analysis set contained 42 subjects of which 38 subjects completed the trial.
Diagnosis and Main Criteria for Inclusion
Enthyroid male and female subjects aged is to 65 years (both inclusive) with type 2 diabetes either diet treated
(6.5 % 5 HbAw $10.0 %) or in CAD monotherapy (6.5 % 5 l—le.C g 9.5 ‘70). with a body mass index between 27
kgi’tn’z and 4t} kgfnfl, the fasting plasma glucose (FPO) in the range of 7-13 inmolfL and possible visualisation of the
antrutn by ultrasonography were included in the trial.
Test i‘mduet, Dose and Mode of Administration, Batch Number

- Liraglutide was supplied as 6.25 tngfntL (Formulation 3) and 6.0 nigi‘ml. (Fortitulation 4) solutions and was

administered in a three-step dose escalation scheme:

- 0.625 mg. 1.25 mg and 1.8151113, was provided in 3nd. penillls for the NovoPcng’ 3 device. in Australia
(batch numbers: P050363 and RQ50536 PQSOBbS)

- 0.6 tug, 1.2 mg and 1.311312. was provided in prefilied ‘3 mL FlexPeni' devices in Germany and Australia
(batch numbers: SP5228l and SP51 E32) '

o The apparent difference in dose levels is due to a change in the way Iiraglutidc content was declared. the dose
levels were actually similar. The content ot‘actiee liraglutidc in Formulations 3 and it is cultivalem and (to. 1.2

and 1.8 mgiday is thus used consistently in this synopsis and clinical trial report

0 Glimepiride (Amarylk. batch numbers D431 and E4???) was administered as capsules in the morning, Dosing
was based on individual glycaetnie control to mitigate liypoglycaeinia using a stepwise doseesealation scheme

of weekly dosing periods of l. 2 and 4 mg

0 Paracetamol (Benuron'ie and Hermit" 500 mg tablets. batch numbers 6t 8056 and 5.3783) was administered at two
visits as two tablets (l mg) for the assessment of gastric emptying.

Duration of Treatment '

- Subcutaneous administration of liragintide for four weeks
0 Gliinepiride administration as capsules administered orally for four weeks
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. A single dose of 1.0 gram paracetamol on Visit 5 and 9. Test Day 1
The totai trial duration for each individual subject was up to 19 weeks.

Reference Therapy, Dose and Mode of Administration, Batch Number

0 Liraglutide placebo medium provided in 3mL petifills for the NovoPeuf" 3 device (Ollig/BIL. hatch numbers
PQ50297 and RQSO390 ) and in pt-elilled 3 mi. Flexi’en" devices (Omgz'mL. batch numbers PQ50695. SP5] 130
and $95! 129)

- Glitnepit‘ide placebo ‘llpSlliCSI 0 mg, batch numbers PBBKOM, PBBKOBO and P88Kt)?l 

Criteria for Evaination — Efficacy
0 Energy intake
0 Maeronntrient intake
«r Meal duration

. Appetite and nausea (VASwaiings)
- Gastric distension (assessed by ultra sound antral area measurement 3‘)

0 Gastric emptying (asse55ed by plasma paraeettunol concentrations)
0 Resting energy expenditure
o Change from baseline in efficacy variables: plasma glucose, insulin, glttcngon? hormones (glirelin. leptin.

adiponeetin GL?-l . GZP, peptide YY. CCK). anti-iufianttnatoiy market's (hsCRP, TNF :‘;PAI-l . lipids (TC,
LDL—CZ VLDL-C. .HDL-C, FFA). body weight and i- ’aist circumference

Criteria for Evaitmtinn ~— Safety

Adverse events. episodes ofhypoglyeaemia, clinical laboratory tests (haematology, clinical chemistry, urinalysis)
12-).ead ECG, physical examination and vital signs.
Statistical Methods

Primary EmIpnim V
Energy intake (kl) at an ad Iibirmn buffet—styie meal that included a preload paradigm

Secondary Emlpoints
Energy film/(e
Energy intake (id) at an ad libinmz bttffet»styie meal without a pretoad paradigm

firit‘tcmnulriem imake

o The relative amount of energy intake (kl) in each of the macronutriem groups (protein, (at and carbohydrate) of
an (m’ libinmz buffet-style meal with a preload paradigm.

- The relative amount ofenergy intake (1:1) in each of the niacrontttt‘ient groups (protein; fat and carbohydrate) of

an ad libin/m but‘fetwstyle meal without a prelond paradigm.

Meal duration

. The duration of eating at the ad libilum buffeustyte meal with a pretend pmadigm.

' The duration ofeating at the or] Iilti/um buffet-style meal without a pt'eload paradigm.

’x’lsiralingr

0 Fasting sensation of hunger, fullness, satiety and nausea prior to the preload period on the test day with the

preload paradigm (Rn Mom). The «10 min rating is used as the fasting sensation.
0 Average sensations of hunger, fulincss, satiety and nausea during. the preload petiod on the test day with the

preload paradigm (Rm‘gmgeyfsi'ulvafil
- Sensations of hunger, fullness, satiety and nausea mm to the ml [ibilum buffet'style meal period including the

preload paradigm on Test Day 1 (Rm, hufl'ennealJM).

. Average sensations ofhunger. t‘ttliness> satiety and nausea during the post ad Iibilum buffet-style meal period on

Test Day 1 that included a preload paradigm (Rnemwym.Wm”).
0 Fasting sensation of hunger. fullness. satiety and nausea prior to the ad Iibimm huffeustyle meal period on Test
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Day 2 without a preload paradigm (Rt). WW MOM). The «in min rating was used as the fasting sensation.
0 Average sensations of hunger. fullness. satiety and nausea during the post (id libt'tmn buffet—style meal period on

Test Day 2 without a preloud paradigm (12mmsunflmwg).
Gastric clislt'nsitm (rt.\:se.s'svd by ultra sound anlra.’ urea mcostlier/rents)
~ Fasting antral area prior to the preload period. The -l 0 minutes measurement was used as baseline.
0 Average antral area during the preload period The average was calculated as AUCum...tjotl min, where ABC

was calculated by the trapezoidal method and the baseline value at 0 minute was identical to the measurement at
~ [0 minutes.

0 Antral area prior to the buffet meal period measured 60 minutes alter the preload.

0 Change in antral area from baseline (-10 minutes) to 60 minutes as indiccs of gastric emptying. The change was
calculated in percentage. ie. changem littl‘i/u‘l‘antral areawmdatttrttl area.mm.

o T7594}. titne at which the antral area has decreased to 75% ofthe maximum antral area.

. T5081). time at which the antral area has decreased to 50% of the maximum antral area.

 

 
 

 
 
 

 
 

 
 

 
 

 
 

 
 
 

 
 
 
 

 
 

 

 
 

 

 
 
 
  

Gastric enquiring {assessed by [)(m'lcemnml conc'enlmlions)
0 Cm” the maximum paracetamol concentration.
0 tum. the time to the maximum paracetamol concentration.

0 AUC'MWm area under the paracetamol curve from time zero to (it) minutes. calculated by the trapezoidal method
where the baseline value at 0 minutes was identical to the measurement at. - l0 minutes.

c AUCo.3ti<imi.,. area under the curve from time zero to 309 minutes. calculated as described above.
¢ AUCatrina,{ZA'UCWMM with A UCs calculated as described above.

Resting.y energy expenditure ,

. The resting energy expenditure (kl) measured on the day without the preload.

(‘ltt‘mgefi'mn baseline in among? variables _
The change from baseline to end of treatment period in the emcee): variables described below was calculated as the
difference between the efficacy outcome measured at Visit 5 (Test Day 1) and Visit 2 for the first period and the
difference between the efficacy outcome measured at Visit 9 (Test Day 1) and Visit 6 for the second period.

Change from baseline in efficacy variables: plasma glucose. insulin, glucagon, hormones (gltrelin. leptiu. acliponcctin
GLP-i. (SIP. peptide YY, CCK). anti-inflannnatot}: markers tltsCRP. TNFII;§PAl-l. iipids (TC. LDL-C. VLDL-C.
HDL—C. EPA). body weight and waist circumference

 
Statistical Analyses
Primary Anabrsit

The primary endpoint was assrnned to foilow a lognorinal distribution and analysed using a linear normal model
(ANOVA) that included effect of treatment. period and random effect of subject. The model was used to estimate

0 the ratio between the energy intake (with a preload paradigm) after administration of liraglntide and the energy
intake (with a pretend paradigm) after administration of glimepiride.

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

The comparison of liragltttide versus glimepiride and the comparison of liraglntide versus placebo were analysed
jointly in the same model. The hypothesis that the ratios should be equal to 1 (corresponding to no treatment effect)
was tested by a two~sided test at a 5% significance level.

Secondary Antlbtscs

Eflicacy variables that were assumed to follow a normal distribution were analysed in a linear normal model
(ANOVA) including effect of treatment. period and a random effect of subject. in these cases the model was used to
ossimate

o the difference between the efficacy variable after administration of liraglutidc and the efficacy variable alter
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administration of glintepit‘ide
- the difference between the efficacy ‘ariable after administration of iiragitttide and the efficacy variable after

administration of’placebo

The comparison ot‘liragintide versus giimepiride and the comparison of liraglntide versus placebo were analysed
jointly in the same model. The hypothesis that the difference should be equal to 0 (corresponding to no treatment
effect) was tested by a two-sided test at a 5% significance. level.

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

- Meal duration and all VAS-rztting endpoints were analysed by the model described above.

- Antral Area: the fasting. antral area prior to the preload period, the average. antral area during the pie-load period
and the antral 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 antral area decreased to 75% of
the maximum antral area and the time at which the antral area decreased to 50% ol‘tlte maximum antral area are
tabulated.

0 Gastric Emptying: Cum. AUCMomg... AUCtLammn and AUCMOMn!AUCg.3m.,m, were analysed by a model
corresponding to the one described for the primary PD endpoint. The analysis of tum was performed by use of
nonparametric methods for paired samples. The median difference of tam (glimepitidc versus liraglutidc and

placebo versus iirztgl‘ntide) was estimated together with a 95% confidence intervat using the Hodges Lehmana
estimator.

~ The testing energy expenditure and the change in efficacy rariables were analysed by the model described
above.

 
Exploralive Auultrses
It: was expected that some of the efficacy atriables measured during the test days would be correlated. To explore this
further a linear normal model (analysis ofcovariance, AN COVA) that included effects of treatment, period. random
effect of subject plus the effects of one or more covariates and potentially tut interaction between treatment and the
covariates was applied. The expected difference in the efficacy variable associated with a given difference in the.
covariate was estimated together with a 95% confidence interval. The effect of glitncpiridc and placebo compared
with liraghttide was estimated in a manner similar to the one described under the AN OVA model (see above).
The following was analysed:
- The relationship between the energy intake and the fasting antral area prior to the preioad period.
. The relationship between the energy intake and the antral area prior to the buffet meal period.

0 The relationship between the. energy intake and the change in antral area from -l() to 60 min.
t The relationship between the energy intake and the average antral area.
0 The relationship between the energy intake and the average sensation of hunger, fullness. satiety and nausea

during the preload period.

0 The relationship between the 24 h resting energy expenditure and pulse

Safety _
The assessment of safety parameters was based on descriptive statistics.
Demography of'l‘rial Population
Twenty-seven (27) male and 18‘) females with type 2 diabetes were enrolled in the triai. Forty—four (44} subjects were
white and two were of other origin. The subjects were between 38 and 65 years of age. Thirty-three (33) subjects
were in CAD monotherapy treatment prior to the trial and 13 were diet treated. The mean HbAtc was 7.4%. The
subjects had a BM] between 27.0 and 39.9kgftn3.
Efficacy Results
- Energy Intake

— The estimated reduction of energy intake was 9% at the mi libinnn buffet-style meal including a pt‘eloztd

 

  
  

NDA 22—341 (Liraglutide) OCP Review 130



 

paradigm after liraglutide treatment compared to both placebo and glintepiride (the ratios ot‘tlac energy
intake with 95% C15 were 0.91 1038: 1.0M and 0.91 10.78: 1.07] respectively}.

~ No statistically significant difference for the energy intake between tiraglutide treatment versus placebo and
glitnepiride at the m! It'bimm meal including a prelottd paradigm was found.

— The estimated reductions ot‘energy‘ intake were 9% and 15% at the at! Iibilum meal without a preload
paradigm a tier lirttgltttide treatment compared to both placebo and glintepiride ( the ratios of the energy
intake with 95% C15 were 0.91 10,316; 1.09] and 0.85 10.70; 1.03] respectively).

- Macrontfiriettt Distribution, Duration of Eating an ti Sensations of Appetite (Hunger, Fnilness and Satiety)
and Nausea

— The duration of eating at the ad [inf/um buffet men] including a preload paradigm was shorter after treatment
with tiraglntide compared to placebo (estimated ditt‘erence «4.3mm. 95% Ci [—6.91 - l .73) but no significant

difference was found between lirttglntidc and gitmcpéride treatment. No significant difference of the
duration of eating at the meal without a prelottd paradigm was found between liragh‘nide and gliincpiride or
placebo treatment.

— No statistically significant differences between iiraglutide and glintepiride or placebo treatment were found
with respect to the titaetenutrient composition,

— A statistically significantly lower fasting sensation. RU. “almond. of hunger was observed after liragltttide
treatment compared to placebo and giitnepiridc (estimated difference —20 mm, 95% C 1 l_-28.3; -l l.’t'] and
estimated difference -1 1.7 mm. 95% CI l-20.=l: 31.92; respectively).

— No statistically significant differences were observed for all other endpoints regarding appetite sensations
and nausea between liragltitide and giintepiride or placebo treatments.

. Gastric Distensitm (Antral Area Measured by Ultrasound)

—— No statistically significant differences between any of the treatments were found for the endpoints derived
front the antral images.

A No statistically significant relationships were observed between the cfl'ects of liraglutide on appetite and
antral area.

— No statistically significant relationship between energy intake and any oi‘the derived variables of antrai area
was found.

0 Gastric Emptying (Assessed by Paracetamol Concentrations)
— The mean paracetamol AUCtt~3flfliitin of Iiragltuide treatment was significantly lower compared to placebo

(estimated ratio 0.88. 95% CI [0.80: 0.96}) out not significantly different from gtimepiride {estimated ratio
0.93, 95% CI [0.85: ”131),

— The arena paracetamol AUCMmm-n and Cum after liraglutide treatment were significantly lower compared
with placebo and giintepiride (estimated ratios of ALEC(..59,,,,H: 0.62, 95% C l 1:052:03} and 0.67. 95%
C I {0.56: 0.801i cstin‘iated ratios oanm: 0.30. 95% CI {0.72: 0.89} and 0.85, 95% C1 {0726; 0.95}.

— The mean part of paracetamot exposure that appeared within the first postprandial hour

tAUCo.tto.mt,fAUC?(.,30(,,,,.,.) was significantly lower after tiragiutide treatment compared with placebo and
glimepiride (estimated ratios 0.70, 95% CI [0.62: 0.?9] and 0.71. 95% CI {0.62; 0.81)).

— Paracetamol [umx occurred on average 20 minutes later after li‘raglntide treatment compared with placebo and
glimcpiride. I

0 Resting Energy Expenditure

— The estimated change in mean 24-hour resting energy expenditure \ ’05 5% k1 higher after liragltttidc
treatment compared with placebo (95% Cl i~ l 32: 1335]) and 270 kJ higher compared with glimepiride (95%
C1 1-483; 1022]) but the result was not statistically significant.

«- Body Weight and Waist Circumference

~— Liraglutitte significantly lowered the mean body weight 1-2 kg after a 4-week treatment period compared to
placebo or glimepiride {estimated difference -l.3] kg. 95% Cl [4.06; 056} and ~2.02 kg. 95% Ci 1-2.3“): »
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Safety Results

Conclusions

1 .241).

— No significant difference in waist eircmnfercnce was found after (14-week treatment period.
Fasting Piasma Gittcosc. Horttmncs, Lipids and Anti-inflammatory Market‘s

— Liraglutide significantly lowered the mean fasting, piasnta gitteose after a 4-week treatment period compared
to placebo and glitncpiridc treatment t'_ estimated difference -3,Zl nuttolfL. 95% CI {-4.1 i: -2.3()} and 4.37
nunoli‘L, 95% C I [-2.29; 41441)). however. there were no differences regardless of treatment for insulin and
glucagon icvels.

—-- Liraglutide significantly suppressed the mean peptide YY concentration after a 4-week treatment period
compared to placebo and glimcpiride (estimated difference -34.0. 95% CI (-54.2; 43.8} and 47,4. 95% Ci
{'-58.5;-16.31). ‘

— A significant difference between liraglutidc and piacebo treatment was found in the change from basetine in
mean ndiponectin (estimated difference -l .23, 95% Cl (-2.16; —t).29]) but not between liraglutide and
glimepiride treatment (estimated difference 43.38, 95% C 1 [43410.571).

— Liri glutide significantly lowered the concentration of ltsCRP after the 4-week treatment period compared to
glimepiride (estimated difference 4. 13. 95% Ci [-6.02; 41243) but not compared to piacebo (estimated
difference £35. 95% Ci [—5. l T: 0.48.”.

— No significant difference between liraglutidc and placebo or liraglutide and glintcpiride were found for
concentration changes of ghrelin. iept in. Gil). lipids (TC. LDL-C. VLDL-C, HDL-C. FFA) and TNFIEaftcr a
4-week treatment period.
 

  
 

 
 

 
 
 
 
 
 
 
 
 
 

TEA Es were reported by 54.8%. 67.7% and 40.0% of the subjects when treated with liraglutide. glimcpitt‘de and
placebo respectively. The most frequently reported Ali-s for liragltttide and glitnepiride were gastrointestinal
disorders such as nausea (t 6.1% and 12.9% respectively). diarrhoea (6.5%) and constipation (6. 9/0), and
nervous system disorders as headache (19.4% and 22.6% respectively). The frequency ofAEs of gastro~
intestinal disorders appeared to be similar for liraglutidc and giintcpiride (29%) bttt less for placebo (13.3%).
The most frequently reported AES for placebo treatment were headache ( 13.3%), nasophztwngitis ”33%).

nausea (6.7%) and dizziness (Gilt/a). p
The majority of A155 were mild and moderate. The l 1 severe AES reported after treatment with liraglutidc (4).
glimepiride (4) and piacebo (3) were gastrointestinal and nervous system disorders.

Four (4) subjects withdrew from the trial due to non-serious AEs. Three (3) subjects withdrew during lirztgiutidc
treatment due to diarrho ‘a. depressed mood and erythcnta. respectively. and 1 subject withdrew during
glintepiridc treatment because of nausea. anorexia and anxiety. All AEs loading.I to withdrawal were considered
by the investigator to be possibly or probably related to trial. products.
No serious AEs were reported during iiraglutide treatment but 5 serious AEs were reported by 2 subjects in

glitnepiride treatment. One (1) subject experienced abdominai distension, constipation. gastrointestinal pain and
vomiting on the same day and l Subject experienced abdominal pain. For both subjects. the serious AEs (gastro-
intestinal disorders) werc assessed by the investigator to be possibiy related to trial product.
Eleven (l E) hypoglycaentie episodes. alt symptoms oniy. were reported. Three (3) episodes occurred during
liraghttide treatment. 6 during glintepiride treatment and l during placebo treatment).
No safety concerns were raised from vital signs or laboratory measurements.

 
 

  
 

  The estimated reduction of energy intake was 9% to 15% when treated with liraglntide compared to giimepiride
or placebo. however. no statistically significant difference of the energy intake between liraglutide treatment
versus placebo and glitnepiride was fonnd at the m! libimm meals.

The duration of the ad libitum outlier-style meal including a preload paradigm was shorter after treatment with

liragltttidc compared to placebo whereas no difference was found between the macronutricnt compositions of the
meal rcgardiess of treatment.
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. A significant lower fasting sensation ol‘httnger at the meal without a preload was observed after liragltttidc
treatment compared to placebo and glintepirlde. No other etTects of liraglutide on sensations of appetite (hunger.
fullness and satiety) and nausea were found.

0 All subjects enrolled in the trial reported low ratings ofnansea during the entire period.
- No treatment effect was found regarding tantrai area (gastric distension).

- Liragltnide caused a minor delay in the postprandial rate of gastric emptying.
- No significant effect of treatment on energy intake adjusted for sensations of appetite was found,
0 No relationships between energy intake and antral area were found.

~ The change in resting energy expenditure was 5% H and 2m kl higher alter liraglutide treatment compared
with placebo and glimepiride. but no difference of the resting energy expenditure (24 hour) regardless oftreatment was found.

0 Limglutide lowered the body weight by 1-2 kg compared to placebo or glimcpiride. No change in waistcircumference was found.

- Liraglutide lowered the fasting plasma glucose by 3.2l mtnoli’l. (compared to placebo) and [.37 nunoliL

(compared to glitnepiride). No differences were found in the levels ol’fasting insulin and glueagon regardless oftreatment.

o Lirttglt‘ttide suppressed the peptide YY concentration compared to placebo and glintepiride.
~ No overall effect of liraglutide on ghrelin, GlP, leptin. lipids or TNth was found.

' Liraglutide lowered the concentration of ltsCRP (when compared to glimcpin’de) and the concentration of
adiponectin (when compared to placebo). however, the result was inconclusive.

1 No SAES were reported during lirttgltttide treatment (5 SAES reported by 2 subjects in glitnepiride treatment").
AEs were generally ofmiid or moderate severity. The frequency of Alis was higher during liraglutide and
gtitncpiride treatment than during treatment with placebo. The most frequently reported AEs were related to the
gastrointestinal and the nervous system (primarily headache) regardless of treatment. 

 
The trial ‘t as conducted in accordance with the Declaration of Helsinki (52"d WMA General Assembly, Edinburgh,
Scotland. October 2006. Last amended with Note of Clarification on Paragraph 2.9 by the WMA General Assembly,
Washington 2002) and 10-1 Good Clinical Practice ( 1.996).
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4.2.7 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 Muller
AAI Deutschland GmbH & Co KG

Trial Sites

AA] Deutschland GmbH & Co KG

WegenerstraBe 13

89231 Neu-Ulm, Germany

Study Sponsor:
Novo Nordisk A/S

Novo Allé

2880 Bagsvaerd, Denmark

Bioanalytical Analysis:

//

/ 13(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 (5.0.) dose of two formulations of liraglutide

The secondary objective ofthe study was to

0 To estimate the relative bioavailability (Frel) between the two formulations of liraglutide
based on AUC (0-0 and AUC (0-00), and to estimate tmax and 121/2 of liraglutide.

0 To test for equivalence of two formulations of liraglutide, based on AUC(0—00).
0 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:

NDA 22—341 (Liraglutide) OCP Review ‘ 134



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 3.0. 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

 
 

 

Screening Foliow-up
max. 21 days after '3 — 7 days
 

l T
B B

Visit 1 Visit 2 Visit 3 Visit 4

Treatment A: Liraglutide 6.25 lug-”ml. (Phase 3 formulation), 1 mg so. in the abdomen
Treatment B: Liraglutide 5 rug/”1111. {Phase 3 foiiiiulation). 1 mg sc. 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

. Visit 4 (Follow-up): within 3-7 days after completion ofVisit 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 Minimum Median Maximum Mean Std—Dev.

Age {years] 23 19 36 43 33.5 8.1

BodyXVeight {kg} 22 49.6 MKS 89.8 "£2.66 $2.4

Height [111} 22 1.5? 1.8 1.89 1.? 0.1

BMI [kgs’mz] 23 19.6 23.75 2? 2333 2.4  

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 ul= 20 click of Phase 2 formulation (5 mg/mL)
and to 160 ul= 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®G3O
needles.

Table 2: Batch number of product used in this trial
 

 Trial Product Dose Batch Number Expiay Date

Limgiutide 6.35 mgme 1 mg corresponding to 160 pl NLDPOIG 09 June 2005
(Phase 3 fommlation) ' (= 16 clicks)

Limgiuticie 5 1119:th 1 mg corresponding, to 300 pl LLDPOW 02 October 2095
(Phase 2 formulation) {= 20 clicks) 

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 (NN221 1—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 i“. 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—00), Cmax, and W2 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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Study Times [h]

Treatmrrt 9—5—5 A *—"—* B

A : Z’hase 3 formulation (13:21): E : Phase 2 formulation (n=22

The summary of pharmacokinetic parameters of liraglutide from Phase 2 formulation and Phase 3

formulation is presented below in Table—3.

NDA 22—341 (Liraglutide) OCP Review 137



Table 3: Summary Statistics for the Pharmacokinetics Endpoints by Formulation.
 

 Parameter A : Phase 3 fonnuiation (n=21) B : Phase 2 fomnflation {11:22)

AUC(O—t) [hi‘nmoli’L] 481 (25%) 489 (ZS-'94,)

AUC(O-m) {11“‘3nnoUL] 508 (25%) 515 (36%}

Cm {amen} , 19.9 (23%} 30.5 (25%)
tnm [11} — median andrange 13 (9-15) 13 (95—16)

n, {h} 13.2 (14%) 31.7 (21%)

HVD Eh] - mean and %CTV 21.6 (26%) 2.1.5 (30%) 

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 Ratio A f B with 90% Confidence mien-'31

AUC(O—t} — ANOVAUE) 97.63% (93.03%. 103.55%)

AUC(O-OO) - ANOVAGII) 98.03% (92.83%. 103.50%)

cm — ANOVAGn) 96.32% (39.13%, 104.01%)

tmax [h] - difference, nonparametric 41.2511 («111. +0.25h}
tax, — ANOVAUD) £04969?) (96.81%. 1:13.?8‘70)

HVD — ANOVA 101.15% (92.51%. 10939943) 

The relative bioavailability Frel of the Phase 3 formulation compared to the Phase 2

formulation was estimated at 98%. Based on the pre-defmed criteria based on AUC(O-t) and
Cmax, but also based on AUC(O-oo), 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(O-t) with the 90% confidence

interval (CI) ranging from 92% to 104%, and at 98.03% based on AUC(O-OO) (Cl: 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.

I 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 rep01ted, 16 events after Treatment
A (liraglutide 6.25 mg/m, Phase 3 formulation) and 32 events after Treatment B

(liraglutide Smg/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 (4])

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(O-t), Cmax, and AUC(O-oo), 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 W2 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-centre, three—period. cross—over trial

in healthy subjects investigating the bioequivalence between each of the
two new liraglutide fomiulations at pH 7.9 and 8.15 and the planned

Phase 3 formulation at pH 7.7

NNZZ l i -l 63 6

Phase 1

IND Number (US only) Not Applicable

  
 
 

  

 

 Development Phase 
 

 

 

 

  

Compound Name Liiagiutide

indication Diabetes mellitus ihivestigator  
 

Trial Site ‘_i

 

 

 

Trial Initiated 

 
  

  
 

 
 
 

Trial Completed 30 March 2005.   

Sponsor  Global Development, Novo Nordisk A!S

Milan Zdz'avkovic, MD, PhD
Novo Nordisk A;S

 
Director, Medical 8:

Science - Liraglntide 

International Trial

Manager

Marianne Ekblom, PhD
Novo Nordisk AIS  

Local Trial Manager Elie Antoni}, Novo Nordisk Pharmaceuticals Pty Ltd
 

Statistician Charlotte Hindsberger, PhD. Novo Nordisk AIS 

  

  
Medical W'n‘ter {Julie Malibach Edmed, PhD, Novo Nordisk A!S
Report Date 24 August 2005  

This tn'al was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice.
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TITLE OF TRIAL

A randomised. double~blind. single~centre, tltt‘cevpertod, eross~over trial in healthy subjects investigating the
bioeqttivnlence between each of the two new liragltttide formulations at pH 79 and 8. l5 and the planned Phase 3
formulation at H 7.7

INVESTIGATOR

The signatory and principal investigator in this trial was Patrick Walker. MD. CMAX. Level 5.. East Wing, Royal
Adelaide Hos ital. North Terrace. Adelaide. South Ausn’alia 3000, Australia

TRIAL SITE _
The trial was conducted in one centre: CMAX. Level 5, East Wing. Royal Adelaide Hospital, North Terrace,
Adelaide. South Australia 5000. Australia
PUBLICATIONS

None

TRIAL PERlOD DEVELOPMENT PHASE

l3 lanuztt‘y 2005 until 30 March 2005 Phase l
OBJECTIVES

Primaijt‘ ()Izjeclit‘e:

- 0 To test for bioequivalenee between each of the two new lirttglutide l’ortttulations at pH 7.9 and 8.15 and the

planned phase 3 formulation at pH 7.7. based on A («130.0 and ("may after a single subcutaneous ($.c.) dose.
.S’ecmldr'ujt-‘ Objectives:

0 To estimate the relative bionvailzthilities (Fm) between the three formulations of liraghitide based on A 01119,.) and

A U("u-,..,..t and to estimate I...“ and I», of liraglutide.

- To evaluate the safety of three tot-mutations of liraglntide. _

in both the trial protocol and statistical analysis plan. lirngltttide at pH 7.7 has been referred to as the ptanned phase 3

fOrmultttion. However. this integrated Clinical Trial Report will refer to liraglutide at pH 7.? only, as the formulation
used in the phase 3 programme may be diiTercnt.
METBODOLOGY

This was a singleeentre. randomised. double-blind. three«period, crossover trial in healthy subjects. All subjects were
to receive 0.?5 mg liraglttt‘ide s.c. at three different pH values: pH 7.7. 19. and 8.15 and on three different occasions.
All doses were administered in the evening using a Novol’en‘i‘ (3 tnL) injection device. The trial. inctnded 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 {4—day washout period. A number of
safet ,. ' '

NUMBER OF SUBJECTS PLANNED AND ANALYSED

Forty-two subjects were screened, 24 subjects entered the trial, and 22 subjects completed the trial. All 24 subjects
were included in both the harmaeokinctie and safet ' analyses.
DlACNOSIS AND MAIN CRITERIA FOR INCLUSION

Healthy subjects of both sexes. aged 18-50 years, and with a BMI between l8-27 itgi‘nt2 (both inclusive) were eligible
for inclusion into the trial. Informed consent was obtained for each subject prior to the start of any trial-related
activities,
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TEST PRODUCT, DOSE AN?) MODE 0F ADMINISTRATION. BATCH NUMBER

Liraglutide in 6.25 ntg/‘mL solutions were delivered itt pro-filled cartridges to be used in a disposable pen device
- (NovoPen’k. 3 ml.) at the l‘oliowing pH values: pi-l 1? (batch number PLDPUOB), 7.9 (batch number PLDPOOB). and

8J5 (batch number PLDPtitM). A single dose of 0.?5 mg (corresponding to iZt) nL) was administered subcutaneously
in the abdomen of (he artici natinr: subjects.
DURATION- OF TREATMENT

Three single doses of liragltnide at different pH levels were administered in the trial. The total trial duration for each

subject was an to ll. weeks. W W
REFERENCE THERAPY, DOSE AND MODE OF ADMINISTRATION, BATCH Z\ ’MBER
No: a licable.

CRITERIA FOR EVALUATION — PHARMACOKINETICS

'The pharmacokinetic results were based on concentration-time curves of liragltttidc after administration of liragltttide
at W7ng andm in plasntamgpfito (19 how; (figure—Mus) after close administration.
CRITERIA FOR EVALUATION - SAFETY

The safety evaiuation was based on physical examination. vitai signs, ECG. adverse events. thyroid ultrasonography,
clinical laboratory assessments (haematology. clinical chemistry, urinalysis. and thyroid safety parameters),
ltyoelyeaemie eisodes, and bed-side elucosc monitoring.
STATISTICAL METHODS

0 Primary pimrnmeokitteiic“ (violinis-

Alina.“ and ( 3,... were determined after a single. subcutaneous dose of iiraglutidc at pH 17. 7.9. and 8.15.
Comparisons of the three formulations were performed using a linear normal modei (Analysis of Variance; ANOVA)
for the log, transformed values of A 0'61“.” and (1,”... respectively. The model included effects of period. formulation
and a random effect of subject, Using this model. the ratios of the two formulations with pH 7.9 and 8.15.
respectivon, and the fommlt’ttiort (3pr 73’. were estimated with 90% confidence intervals (C1). The estimated ratios
and C15 were rctrausfortned from the log values after analysis. Bioequivalencc was defined as having the CI for both
A (/1304; and (11m entirely contained within [0.80. LES].
- .S’ez‘ondmjv plmt'nmcakirwt‘ic analr313 .

The relative bioavailabilitics (fist) of thc three formulations of liraglutidc were calculated using. .11U(.'.‘m,,)itnd,»i Uta-m.
Comparisons $115ch and I; g were performed 1‘or are different formulations as described for the primary endpoints.
The analysis of 1...... was performed by the use of non—parametric methods for paired samples. The difference in
medians between the two lomntiations (pH ”.39 and 7.7 and pH 8.15 and 7.7) was estimated with a 90% CI using the
Hodges-Lehmann estimator.
' Stiletr

All adverse events were listed by subject, including demographic information. McdDRA system organ class and
MedDRA preferred ternt. ‘l‘reatment emergent adverse events were additionally summarised by formulation. Clinieal
iaboratory parameters. including thyroid safety parameters, plasma glucose. vital signs. and ECG. were summarised
bv formulation andi‘or sample iitne rising descriptive st;ttis%Ahttorntal laboratory data was listed searatelV.
DEMOGRA?EY 0F TRIAL POPULATION

The 24 participating subjects (l3 males and l I females) had a mean age of 25 years (range 18 to 45 years). mean
weight of 70 kg (range 5] to 93 kg). and a mean BM I of 23 kgimz (range .18 to 27 kgi’ntz). Twenty-one subjects were
white. two were Asianz’l’aeific islanders. and one was referred to its other (Eurasian).
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PHARMACOKINETiC RESULTS

- Bioequivalcnce was demonstrated for liraglutide for pH 7.9 and pH 7?, and for pH $.15 and pH 7.7 with respect
to the primary endpoints. as the C l of the ratio of the corresponding values were entirely contained within the
interval from 0.80 to l.25 required for the demonstration ot‘bioeqnivulence.

  

  
  

  

  
  

pH 7.9 1" pit 7.7 pH 8.15 ,/ pH 7.7

 AU ‘{O-~t} {pmol*h,’L) Estimate 0.93 1.02
Upper 90% limit 0.98 1.0”?
Lower 90% limit: 0.89 0.97

Cmaxtpmo‘i/L} ‘ Estimate 0.93 1.02
Upper: 90% limit 1.60 1.09
Lower 90% limit: 0.88 0.96

0 Additionally, bioequivalence was supported by the secondary endpoints AM km, and. Im, having Cls entirely
contained within the interval from 0.8.0 to 1.25.

0 Similar results for mm were obtained with all three pH formulations.

pH 7.9/pH 7.7 pH 8.15/pH 7.7

   
  

  

 

AUC{C-in£l(pmol*h/Ll Estimate 0.94 1.02
Upper 90% limit 0.?8 1.07
Lower 90% limit: O.§O 0.98

tl/Zt'it) Estimate 1.01 0.98
Upper 90% limit: 1.10 1.07
Lower 90%- limir. 0.93 0.90 

pH 7.9 -pt~:?.7 1388.15 —pH 7.7
  
 

 

 

  
  
  
  

  
  
  
  
  
  
  

  
 

Estimate —O.7S —{).50
Upper 90% limit 0.25 1.00
Lower 90% 62.00 -2.00    

 SAFETY RESULTS

. All three formulations of iiraglutidc were well tolerated when administered as a single 0.?5 mg s.c. injection.
‘ There was one serious adverse event in the trial. This subject experienced vomiting of a moderate severity after

the first Iiraglntide administration (pl-l 8,15) and was admitted to hospital, where he received intravenous fluids
and anti-emetics. The subject fully recovered and was discharged from hospital two days after dosing. The
relation to trial drug was considered probable by the principal investigator and the subject was withdrawn from
the trial.

. A total of 63 treatment emergent adverse events experienced by 20 subjects were reported. The incidence of
treatment emergent adverse events was similar following administration of all three liraglutide lbrmulations (50.
6| , and 42% at pH 7.7. 7.9. and 8.15. respectively). The most commonly reported events were gastrointestinal
disorders (vomiting and nausea) and nervous system disorders (headache and dizziness), where relation to trial

drug was possible or probable. Most of these events were mild in severity and subjects fully recovered within a
few days. .

c There \vere no chnically significant andfor consistent drug-related changes in vital signs, physical findings,
thyroid safety parameters. or safety laboratory parameters after administration of either of the three liragintidc
formulations.

Overall. liravlutide at H 7'7 7.9. and 815 have com rotilcs. 
arable safetv
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CONCLUSIONS

The results ol‘tltis trial in healthy subjects demonstrated:
0 Bioequivalencc between the formulations of liragtutidc at pH 7.91mi 7.? with respect to A U( ‘W, and C 1,“.

Additionally. biocqnivalcnce was supported by the secondary endpoints .4 [X 1‘0”.) and 12.2. having C ls entirely
coittztined within the intcmtl from 0.80 to 1.25. Inm was similar for both fornntlntions.

t Bioeqttivztlence between the formulations ot‘limgltttidc at pl] 8. l 5 and 7.? with respect to 511.31.19.13 and (EM.
Additionally, biocquivnlcnce \ -’2ts supported by the secondary endpoints .rll..»"(.'-’{tt..., and I”, having CIs entirely
contained within the interval from 0.81.} to 1.35. [am was similar for both formulations.

One SAE relating to moderate vomiting was reported after liraglut‘ide administration.
0 There were no clinically significant and/or consistent ding-related changes in vital signs physical findings.

thyroid safety or solely laboratory ztrnmeters utter administration ot‘cithcr ol‘the three lit‘aglutide formulations.
The trial was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice.
 
  

 

Reviewer’s Comment: i

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 AUC(O—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 nmol/L. The calibration curves were analyzed at

liraglutide concentration range of :‘f‘kaaz— pmol/L. The precision of the assay, as

determined from analysis of quality control samples ranged between “WThe 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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NN221 1-1692 (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 Hogestéitt, 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:

//

/2

Study Period: 29 January 2007 (Trial Initiated) to 16 April 2007 (Trial Completed)

6(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 ofthe 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 .W _ ' \
W

 

-———-——————“ . 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 ofliraglutide at pH 7.7
(formulation 3) was produced. The bioequivalence of liraglutide formulations 2 and 3 was

demonstrated in trial NN221 1-1331. 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 NN221 1-1636. The

liraglutide formulation 3 (pH 7.7) was used in e.g. trials NN2211-1328, 1329, and 1334 (phase 1_
and 2).W

m
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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 Days 1 to 4 Days 1 to 4 FoiIOW—up

<6 weeks 14 (:I: .2) days 3—7 days
washout

formulation 4 Formuiafion 4

W0 0—.

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 (i 2 days) from Visit 2.
I 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 5.0. doses of liraglutide were administered to healthy male and female subjects in the
evening on two different occasions, separated by a 14 (i2) 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 uL
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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

 

 

N221

Age (r)

3518321 {SD} 32 1;2.1)

Min — Max 19 — 2?

Sex (N (9/6))

Mai-e ‘ 19 (90.5%)

Female 2 (9.5%}

Ethnic origin ()3 (2-11))

XVhite 21 {1131394)

Height (:13)

Mem’1flSD) 1.81 {0.08)
Min — Max 1.65 — 1.96

Weight (kg) .

Mean (SD) 74.3 ('27.?)

affili—i‘dax ' 61.8 — 89.5

BM: organ?)

M8321{5D} . 22.6 (1.?)
Min—Max 19,? — 26.4

SD = standard deviation

Investigational Product and Dose Selection:

The trial products during the treatment period were provided by Novo Nordisk A/S as follows:

0 Formulation 4: Liraglutide 6.0 mg/mL at pH 8.15, in pre-filled 3 mL cartridges dispensed

in disposable pen device ; .. 1)) for s.c. injection. b(4)
 

0 Final formulation 4: Liraglutide 6.0 mg/mL at pH 8.15, in pre—filled 3 mL cartridges

dispensed in disposable pen device :'/——- 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 were

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 uL 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 ofliraglutide in final formulation 4.

Table 2: Batch number of product used in this trial
 

Drug Product Batch
m Batch Number(Bu}k Batch

 Trial Product Dose Number Number) Expiry Date

Formuiation 4 120 [at]. of 6.0 mgme SPSI 133 SQSCIZIS 28 September 300'!
Final Fommlation 4 120 “L of 6.0 ingimL SP51755 . SQSOS 60 4 May 3008  

The selected volume of 120 uL, 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 K). 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—fi‘ee, non-compartmental method.

AUC (O—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 (O—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% C15 for the corresponding ratios of AUC(O—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
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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 4 and final

formulation 4 is presented below in Table-3

Table 3: Summary Statistics for the Primary Pharmacokinetics Endpoints by Formulation.
Finn! Final Eurmuiafiou 4'."

Earmulatiou 4 formulation 4 formulation 4

; UCSM (pmni x 1:53..)
N 2 Z ‘2 1 3 1

Mean 2791944.? 31304.93 1.006
SD 44960.3 59414.3 0.193

Geometric Mean EMMA 2.65463 .1 0339‘
Median 2300335 243329.? 0.96
Min

Max ’ ’ h‘4)
Cm (pawl x ML)
1‘? 2?; 2 1 ‘2 I
Mean 9?. 1.1 103E216 1.065

SD 1670.1 4320 ass:
Geometric Mean 9629.? W933 1:013
Median . ’9- 6-0 9333 0.95 9

Min ' ”inMax

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

Firm} Permutation 41'
Formula{ion 4

AUCM
Estimate. . Fifi?
Luau 90% innit 0.92

Upper 90% limit Mté
Cm:

Estimate ‘ M352
Lower 90% film: 0.? %

Upper §l}% limit EEi‘é

From the results in Table-4, formulation 4 and final formulation 4 were demonstrated to be

bioequivalent because the 90% CIs for the corresponding estimated ratios of AUC(O-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 (O-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 (O—t)
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and Cmax adjusted for actual drug content because the 90% C15 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

AUCIIO—tl
Estimate
Lower 9 0%
Upper 90%

Estimate
Lower 90%
Upper 90% 

The results of secondary pharmacokinetic endpoints were AUC, tmax, W2 and 12 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

 

 

 

1:533; Final Formulation it!
Formulation 4 Formulation 4 Formulation 4

AUC {panel x ill-FL}
N 2% 21 31
Mean 293-481. 1 292990 £00?
”SD 53144.? 790793; 0.2053
Geometric Mean ZSS’A‘DSZ 2854-803 {3989
Median 2891493 2’32 1 85.9 0.943

Min Mf—Max

T5; {.11}
N 2 11 21
Mean 13.34 i313 i .0213
SD 2.93 3.3;? 0%?
Harmonic Maw 12.? 22.9 300$
Median 13.14 12.92 3.0235
Min

Max b€4
Mum - ’
N 2} 21 31
Mean 0.055 0:855 0.9%}
SD 0.013 0.8: 0.3133
{freeman-1c Mean 0.034 0.553 0.918?
Median 0.053 0.85.2 8 9i?
Min

Ma}: W

formulation 1 final Final Formulation 4 —Formula tion 4 Formuiation 4

1mm h
N 22 2 1 3'1
Mean 13.5? 22. E? £55285
SD 1. 5 3.48 2 .2295
Median i2 12 0
Min
Max \
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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(O-t) and Cmax), because the

90% C13 of the corresponding ratios were entirely contained within the limits (0.80,

1.25). The estimated ratio for AUC(O—t) was 0.99 (CI: 0.92, 1.06) and for Cmax 1.02 (CI:

0.91, 1.14).

I In addition, similar results for tmax were obtained for the two formulations.

' Bioequivalence could also be demonstrated for AUC(O—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.

' F0ur (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*pm01/L) — Trial 1692
 

Original Analysis Updated Analysis3  EX"- 

 
Summary Statistics for Cmax(pm01/L) — Trial 1692

Original Analysis Updated Analysis
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Comparison between Formulations (Final Formulation 4 / Formulation 4) —

Primary Endpoints — Trial 1692
Original Ana1y515

  
{Ins/:1. x

 

Based on the 1esults 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 o1iginal analysis results.

APPEARS THIS WAY

0N ORlGiNAL
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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 Malmqvist, MD, 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 of Pharmacokinetic Sample:

/ be;
Study Period: 1 1 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(O-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(O-t) and AUC, and to
estimate tmax, t'/2 , and X2 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 Design
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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 (z: 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 3.0. doses of liraglutide were administered to healthy male and female subjects in the
evening on two different occasions, separated by a 14 (i2) day wash—out period. In the evening of
Day 1 at Visit 2, 120 uL of liraglutide formulation 3 or formulation 4 (corresponding to 0.7080
mg of formulation 3 and 0.7092 mg of formulation 4) was so 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, yrs

Mean (SD) 2-2.? (2.4}
Min — Max 39 — 28

Sex. 11 (9’0)

Make 19 (86.4%}

Female 3 (13.6%)

Ethnic origin3 11 (9’6)
White 32 (180.0 We)

Height, 1n

Mean (SD) 1.81 (0.08)
Min — Max 1.64 — 1.95

\Veight, kg

Mean (SD) 74.8 (8.4)
Min—Max 53.8 —L8.5

BM}, kgan2
Mean (SD) 32.9 (1.8)
Min—Max 19.8 — 26.1

Systolic blood pressure, mmI—Ig

Mean (SD) 120.7? (7.62)
Min — Max 104.00 — 132.00

Diastolic blood pressure , mmHg

Mean (SD) 68.86 (6.43}
Min — Max 5900 — 34.00

Pulse, beatsfmin

Mean (SD) 60.09 (9.13)
Min — Max 44.00 — 85.00

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 so injection.

' Formulation 4: Liraglutide 6.0 mg/mL at pH 8.15, in pre—filled 3 mL cartridges dispensed

in a disposable pen device ; "-ww— 3) for so injection

Formulation 4 was m f.”- pH 8.15) and modifying

the drug manufacturing process used for producing formulation 3, i.e. -____,_._——————-

M. 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).
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Table 2: Batch number of product used in this trial

  

Trial Product Dose --=_ Batch Drug Product Batch Expiry Date
Number Number (Bulk Batch

Number) 11(4)
FormulatmnS (pH 7.?) 120 LIL offifii mgr’mL P951338 P050365. 11 September, 2006

Formulation 4 (pH 8.15.) 130 pl. 0f6.0121g;’1r . 1% RQ§0576 30 Marrlr 2007 

The rationale for using this dose for BB 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 l8pmol/L. The calibration curves were analyzed at

liraglutide concentration range of l7pmol/L to 4399pmol/L. The precision of the assay, as

determined from analysis of quality control samples ranged between i. 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 (O—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(O-t) and AUC, and estimations of tmax, t‘/2 , and )\.Z of liraglutide. The comparisons
between formulations of AUC(O—t), AUC,,Cmax and W2 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% C13 for the corresponding ratios of AUC(O—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.
  

. . . , . l
Formulatlon 3 ¥ormulahon 4 Formuianon 4:17ormuianon 3 

AUC(0_,J, pmol X 11-1
N 21 32 El
Adam] 3603845 273.841.} 1072

SD 73141.5 65095.9 0.194

Geometric Mean 251371. 1 3663 65 .1 1.05?

Median 3433844 2350068 1.021 bg4)
M

(1mm pmol X ha.

2
\I '21 22 21
JIean 10888.6 11l87.3 1.063

SD 30.73.] 2664.5 0261
Geometric Mean 10489 10875.4 1.035

Median 9748 109705 1.013

“f“ ___. _N 33(4)  

1The ratios com'esponding to AUCKLG and Cam are adjusted for actual drug content.

’5

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 4fFornni§ation 3

 

AUC(04) .
Estimate 2 .06

Lower 90% limit 200

Upper 90% limit $.13

can: _
Estimate - $.04

Lower 90% limit 095

Upper 90% limit $.13.

The analyses of the primary endpoints are adjusted for actual ding content.

q

From the results in Table—4, formulation 3 and formulation 4 were demonstrated to be

bioequivalent because the 90% CIs 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, tl/2' and 12 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 Formulation 4 Formulation 45Formulatiou 31 

ACCT, pinol X’ln’L

  

 

 

 

N 21 '22 2}

Mean 22333022 287402.31 1.0?2

SD 80830.9 73555.2 0.184

Geometric Mean ' 262806 385.417 1.058
Median 250193.? 292382.16 1026

Min WMax ' ‘

{'54, 11
N 21 23 2

Mean 11.53 11.4 0.996

SD 2.08 2.19 0.165

Median 11.25 10.?1 0.95

Min .____.———-—-———-——"_‘*"
Max

Harmonie Mean 1 1.3 11 0.971

1,, 1:11
N 2} 22 23

Mean 0.062 0.063 1.029

SD 0.009 0101 § 0.166

Geometric Mean 0.061 0.062 1.017

Median 0.062 0.065 ' 1.052

Min ,1
Max M

Formulation 3 Formuiation 4 formulation 4 — Formulation 3

rum, 1} _
N 22 22 21

Mean 11.71 11.66 0048

SD 1.83 3.12 3.271

Median 11.5. 13.5 0

Min I
Max

1The ratio corresponding to AUG 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), X2 and W2, 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.

NDA 22-341 (Liraglutide) OCP Review 161



Table 6: Statistical Analysis for the Secondary Pharmacokinetics Endpoints by Formulation
 

Formulation 4:3?ormulation 3 

 

 

 

AUG

Estimate. 1.06
Lower 90% limit 1.00

Upper 90% limit 1.13

ts.

Estimate 098

Lower 90% limit 13.92

Upper 90% limit £04

Formulation 4 — Formulation 3»

tmax

Estimate 0.00

Lower 90% limit «1 .5 0

Upper 90% limit 1.00 

The analyses of AUG is adjusted for actual drug content.

The result of Mia: not shown since the. ratio is the inverse of the estimated ratio of t»...

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(O-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), kz and W2, 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 A135 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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I 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 fi'om the lower
dose due to decreased incidences of gastro-intestinal and hypoglycemic adverse events.
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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 fur Stoffwechselforschung GmbH

HellersbergstraBe 9, D—41460 Neuss

Germany I

Trial Site

Profil lnstitut fiir Stoffwechselforschung GmbH, Neuss, Germany.

Study Sponsor:

Novo Nordisk A/S, Denmark

Bioanalytical Analysis ofPharmacokinetic Sample:

32(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—OO.

The secondary objective of the study was:

I 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.

I 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, 9/2, and Xz of liraglutide. ‘

I To estimate Frel of liraglutide between the three injection sites.

I 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 pl).

Figure 1: Trial Design
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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 (e):
Males 11 152.4%)
Females. 10 (47.6%)

Ethnic Origin (H (‘52))
White 20 {95.2%)
American Indian or Alaska Nat ive 1 -.' 4 . 8%)

Age (y)
N 21
Mean 38. . 6
SD , 7.7
Median 41
Min 22
Max 4‘3

Height (In)
N 21
Mean 1.73
SD 0 . 09
Median 1 . 74
Min 1 . '36
Max 1. 9‘2

Weight (kg) .H 2
Mean 7’}. .5
SD 13.8
Median 72.6
Min 51 . 5

Max _ 98 .3

BMI (kg/WW2)N 21
Mean 2 .2
SD 2 . 4
Median 24 .3
Min 13 , 1
Max ‘ 27.5
 

Percentages have been calculated wifluespect 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) ofthe 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 $64}

Trial Product Dose Liraglutide in Liraglutide Product Expiry Date
Batch Number1 Batch Number1

Liraglutide 3 mL 0.60 mg SPSI 132 SQ50212 > 24-Sep-2007
~ 6 mgz‘mL , 

I The same batch was used for all subjects. The liraglutide drug product was contained within the liragiutide x
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Bioanalysis:

Quantitative assessment of liraglutide was done using enzyme immunoassays (ELISA). The

lower limit of quantification of the assay was l8pmol/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 to 2.5 %.

Data Analysis:

The primary endpoint, AUCO—oo for liraglutide fi'om 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, A2, 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‘/2, was calculated as log(2)/ Xz. Frel

was the estimated ratios of AUCO-oo between the different injection sites. Statistical analysis of

the secondary PK endpoints was performed for the PK analysis-set. The comparison between the

AUCO—oo for administration in the upper arm and AUCO-oo 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 5.0 dose at different

injection sites is shown in Figure-l & 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—oo 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 (AUCO-oo) by

Injection Site.
  

  Abdomen Thigh Upper arm

AUG (0-inf‘; ipmol‘rhfL)
N 21 21 19
Mean 271011 221125 249958
SD 72609 71453 65110
Geometric Mean 262488 210935 242292
Median 260911 204727 225017
Min
Max M

  

M4)

The secondary comparison of AUCO-oo 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 AUCO-O'O 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—oo with an estimated Frel of 81%.

Table 4: Statistical Analysis for the Comparison between Injection Sites. 

 Thigh / Abdomen Upper arm / Abdomen Upper arm 1' Thigh

AUCiO—infi
Estimate 0.81 0 90 1.11
Lower 90% limit. 0.76 0 83 1.03

Upper 90% limit. 0.86 0 95 1.19  

Therefore, based on the defined equivalence criteria for the ratios of AUCO—OO, equivalence can be

declared with respect to AUCO—oo 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-oo 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-oo 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 f Abdomen Upper arm ,/ Abdomen Upper arm f Thigh

AUCiO—t‘)
Estimate 3.81 0.89 1.09
Lower 90% limit. 0.75 0,81 1.00
Upper 90% limit 0.8% 0.95 1.18

tmax
Estimate 0.82 0.95 1.16
Lower 90% limit 0.74 0.85 1.03-
Upper 90% limit: 0.91 1.06 1.29

Lambdaz
Estimate 1.03 0.95 0.92
Lower 90% limit 0.93 0.35 0.83
Upper 90% limit 114 1.05- 1.03

Thigh — Abdomen Upper arm — Abdomen Upper arm — Thigh

true}: ()1)
Estimate 0.00 0.25 0.00
Lower 90% limit —1.00 —0.50 —D.50
Upper 90% limit 0.50 1,00 0.75 

Results of 13;; are not shown since 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 AUCO-oo
for liraglutide, with a mean ratio of 0.90 (90% Cl [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 01°08] (90% Cl [0.76;0.86])

The two injection sites upper arm and thigh were equivalent with respect to AUCO-oo for

liraglutide, with a mean ratio of 1.1 l (90% Cl of[l .03;l .l9])

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 W2 and X2, 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 l l 1% 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 doseadministration of liraglutide was well tolerated after 5.0. 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—oo 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

I Equivalence with respect to AUCO-oo 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 tI/z and kz, was similar between injection sites

I Frel for liraglutide was estimated to 81% for the thigh versus the abdomen, 90% for the

upper arm versus the abdomen and 1 l 1% for the upper arm versus the thigh

' Single dose administration of liraglutide was well tolerated after so 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 D81 findings on Bioanalytical Method

Sponsor conducted re-evaluation of liraglutide plasma concentration raw data The primary

endpoint in Trial 1745 was AUCO-oo and the criteria for including a profile in the updated

analysis were: 1) minimum one sample 310 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:

0 Equivalence could not be demonstrated for thigh/abdomen as the 90% confidence

interval for the ratio was not contained within the pie—specified [0.80; 1.25‘] interval. This

was in accordance with the original analysis results.

0 FR] for liraglutide was estimated to 78% for the thigh versus the abdomen, 87% for the

upper arm versus the abdomen and 1 10% for the upper arm versus the thigh
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4.2.9 DD] 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

AUCOm of ethinylestradiol and levonorgestrel.

The secondary objectives of the study were:

. To investigate if liraglutide at steady state changes Cmax and tmax of ethinylestradiol and

levonorgestrel.

" To assess exposure ofliraglutide during the single dose administration ofthe 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 Ievonorgestrel) 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:

I 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 DDl 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 Cmax was reached at approximately the same time as

absorption of ethinylestradiol/levonorgestrel (both of which are rapidly absorbed), reaching Cmax
1-2 h after administration.

NDA 22—341 (Liraglutide) OCP Review 176



Blood samples (7 mL) were drawn on the DD] 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, l, 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, ll, 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 ofthese visits; pre-dose (—15 min) and at 4, 6, 8, 10,

12, 15, 17 and 24 h post administration ofliraglutide 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.

Number of subjects 21

Sex EN (%3)
Male 9(0.00%)
Female 21(100.00%)

Race (N f%})
White 21(100.00%)

Age. 1' y)
N 21
Mean 58.3
SD 4.9
Median 58
Min 51
Max 71

Weight at Baseline (Kg) -
N 21
Mean 68.81
SD 19.83
Median 67.3
Min 53 . 3
Max 91.1

Height (m)‘
N 21
Mean 1.670
SD 0.062
Median 1.66
Min 1.56
Max 1.7?

Baseline BMI ikgfmi}
N 21
Mean 24 . 62
SD 3.25
Median 23.8
Min 19.8
Max 29.5 

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—
2pL 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 (%Bias) 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 1 1.8% 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 -1 1.8 to 3.8 %.

Data Analysis: ,

The PK analysis set consisted 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 fi‘om 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.

Xz 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 Xz and from 12 h and onwards for estimation

of levonorgestrel K2.

For both ethinylestradiol and levonorgestrel, the liraglutide treatment and the placebo

treatment was declared equivalent with respect to primary endpoint (AUCOM) if the 90%
confidence interval (CI) for the corresponding ratios of AUC0_wwere 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 AUCO_.,,, 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 C15 were retransformed from the corresponding estimated differences in
means of the log transformed values together with their CIs.

Pharmacokinetics Results:

The effect of liraglutide 0n 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 Cmax and Tmax

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-OO) of ethinylestradiol and

levonorgestrel is summarized in Table 2 and 3, respectively. AUCOm 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 AUCO-qaof Ethinylestradiol and Levonorgestrel by
Treatment 

 

Indvidual
ratib

liraglutide placebo liragl.lplac.

Number of subjects 21 21 21

AUCQ.m §h*pg/mL3 ethinylegtradiolN 30 19 18
Mean (-356.25 776.12 1.06
SD 225.54 187.97 0.17
Geometric mean 825.16 755.2? 1.05

hUcyw (h*pg/mL} levonorgestralN 12 12 10
Mean (53152.30 55230.51 1.22
SD 25495.64 17071.50 0.25
Geometric mean 57938.50 52853.13 1.20

 

Table 3. Statistical Comparison between Treatments (Liraglutide/Placebo) for

Ethinylestradiol and Leyonorgestrel ' 

liraglutidejplacebo 

ethinylestradiol
were... N 21

Estimate 1.05?
Lower 90% limit 0.988

Upper 90% limit 1.131

levcncrgestrel
AUCg.» N 14

Eatimate 1.182
Lower 90% limit 1.040

Upper 90% limit 1.343
 

After statistical analysis for ethinylestradiol, equivalence was demonstrated with respect

to AUCO—w as the 90% Cl for the estimated ratio of AUCO-oo (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 AUCO-oo as the

90% CI for the estimated ratio of AUCO-oo (liraglutide/placebo treatment) was outside the pre-

specified limits for equivalence. The estimated ratio of AUCO-oo (liraglutide/placebo treatment)

was 1.18 and the 90% CI was 1.04 to 1.34; i.e. the levonorgestrel AUCO—oo 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 Cmax and Tmax values reduced in the presence of

liraglutide treatment. ‘

_ Statistical analysis showed (Table 6 & 7) that with respect to Cmax, for ethinylestradiol

and levonorgestrel, equivalence was not demonstrated when given during liraglutide and placebo

treatment. Cmax was 12% and 13% lower for ethinylestradiol and levonorgestrel, respectively,

during liraglutide treatment compared to placebo (ratio 0.88 (90% Cl [0.79; 0.97]) for

ethinylestradiol and ratio 0.87 (90% Cl [0.75; 100]) for levonorgestrel).
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Table 4. Summary Statistics for the Secondary PK Endpoints of Ethinylestradiol
 

 
liraglutide placebo

AUCafo—48h) (11*pg/mL)N 21 21
Mean ?52 .29 706. 52
SD 171.42 146.26
Geometric: mean "532 . 51 692 . 43

Cfma}: [pg/ml.)N 21 21
Mean 51.50 56.62
SD 177.53 12. 18
Geometric mean 48 . 78 55 . 38

tmax {'h)
N 21 21
Median 3 . 00 2 . 00
Min 2 . 00 2 . 00
Max 12.00 3.00

tiff; Ch)
N - 21 20
Mean 14,88 18.45
SD 620 23 .06
Harmonic: mean 123 . 03 12 . 64

Lambda {1 j’h)
N 21 :20
Mean 6 . 05 0 . 05
.E’ £3.02 £1.02
Gaometric: mean 0 . (15 O . 135

CL,:’F iLj‘h‘)
N 20 19
Mean 3?.92 40.79
SD 12 . 13 9 . 58
Geometric mean 36.36 39. '72

sz (LE
N 20 19
Miami 720.52 764 . 53
SD 193,82 264.93
Geometric: mean 695 . 9'3 728 . 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 47150.05 32527.76
SD 24259.96 17448.27
Geometric mean 41408.84 36117.70

Qua}: {pgme}
N 21 21
Mean 3072.90 3264.29
SD 1291.07 1352.92
Geometric mean 2603.68 2989.58

tmax (h)
N 21 21
Median 3.00 2.00
Min 1.00 1.00
Max 8.00 4.00

t1/2 fh)
N 21 21
Mean ' 32.56 34.56
SD 9.82 13.08
Harmonic mean 29.95 30.52

Lambda (lih)
N 21 21
Mean 0.02 0.02
SD 0.01 0.01
Geometric mean 0.02 0.02

CL/F (L/h)
N 12 12
Mean 2.86 2.97
SD 1.44 0.95
Geometric mean 2.59 2.84

Vz/F‘ (L)
N 12 12
Mean 113.7 116.05
SD 68.32 57.91
Geometric mean 97.10 104.47
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Table 6. Comparison between Treatments (Liraglutide/Placebo), Secondary PK
Endpoints of Ethinylestradiol
 

 liraglutide/placebo

AUC (0~48h) N 21
Estimate 1.055
Lower 90% limit 1.001
Upper 90% limit 1.112

Cmax N ‘ 21
Estimate 0.876
Lower 90% limit 0.789
Upper 90% limit 0.972

t1/2 N 21
Estimate 0.981
Lower 90% limit 0.785
Upper 90% limit 1.225

VZ/F N 21
Estimate 0.960
Lower 90% limit 0.865
Upper 90% limit 1.066
 

Table 7. Comparison between Treatments (Liraglutide/Placebo), Secondary PK
Endpoints of Levonorgestrel

 

 liraglutide/placebo

AUC(0—t) N 21
Estimate 1.145
Lower 90% limit 1.055
Upper 90% limit 1.243

Cmax N 21
Estimate 0.867
Lower 90% limit 0.754
Upper 90% limit 0.998

t1/2 N 21
Estimate 0.962
Lower 90% limit 0.896
Upper 90% limit 1.033

Vz/F N 14
Estimate 0.854
Lower 90% 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 ofliraglutide 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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Summary of pharmacokinetic results

Equivalence was demonstrated with respect to the primary endpoint AUCO-oo of
ethinylestradiol when given during liraglutide and placebo treatment while equivalence

was not demonstrated for the primary endpoint AUCO-oo of levonorgestrel, AUCO—oo for

levonorgestrel was 18% higher during'liraglutide treatment (ratio 1.18 (90% CI [1.04;

1.34])).

For ethinylestradiol and levonorgestrel, equivalence was not demonstrated with respect to

Cmax when given during liraglutide and placebo treatment. Cmax was 12% and 13% lower

for ethinylestradiol and levonorgestrel, respectively, during liraglutide treatment

compared to placebo (ratio 0.88 (90% Cl [0.79; 097]) for ethinylestradiol and ratio 0.87

(90% CI [0.75; 100]) 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 Tmax 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 9.4 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 Tmax was delayed by 1.0 h
for both ethinylestradiol and levonorgestrel during liraglutide treatment compared to during

placebo. This is in contrast with Tmax delay of 1.5 hours that is being reported by the sponsor.

Also, Cmax 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 Liraglutide‘s Potential Influence on
Intragastric pH.

Investigator and Study Center(s):
Jan Vouis, MD,

Quintiles Phasel 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, SIS—972 33 Lulea, Sweden

Study Sponsor:

Novo Nordisk A/S, Denmark

Bioanalytical Analysis:

Study Period: 29 May 2006 (Trial Initiated) to 20 April 2007 (Trial Completed)

Objective:

The primary objective of this study was to determine if liraglutide at steady state changes AUCOM
of atorvastatin, lisinopril, griseofulvin and digoxin.

The secondary objectives of the study were:

' To investigate if liraglutide at steady state changes Cmax and tmax 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 :11 drugs), lisinopril
(Class III 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 of4 days each when the DD] investigations

were performed .

. Visit 14: an End ofTrial Visit 7-14 days after the completion ofVisit 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 DDl

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 l l). 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 l and 2 below shows the demographics of the enrolled

patients.
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Table 1: Baseline Demographics of Study Population Part A 

Number of subjects 42

Sex (N (52))
Male 29(69.0S%}
Female 13 (30.95%)

Ethnic origin (N (22))
Other 1(2.38%}
White 41(97.62%}

Age at: screening (Years) ‘
N 42
Mean 28.7
SD 8.2
Median 26
Min 18
Max ' 49

Weight (kg)1‘] 42
Mean 76.16
SD' 10.86
Median 77.3
Min 53.5
Max 101

Height (m)N 42
Mean 1.769
SD 0.085
Median 1.76
Min 1.59
Max 1.97

BMI (kg/(m‘2))N 42
Mean 24.34
SD 2.99
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 (%i)
Male 27(96.43%)
Female 1(3.S7%)

Ethnic origin (N (%H
White 28(100.00%}

Age at screening (Years)
N 28
Mean 25.8
SD 4.8
Median 24.5
Min 18
Max 42

Weight (kg)
N 28
Mean 75.58
SD 8.22
Median 73.9
Min 60.4
Max 93 . 8

Height (m)
N 28
Mean 1.800
SD 0.052
Median 1.805
Min 1.68
Max 1.9

BMI (kg/(m‘2))
N 28
Mean 23.32
SD 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 11L sample. Between-batch precision (%CV) results for QC

I 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 ug/mL and a ULOQ of 5.0
ug/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
to 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-oo for atorvastatin, lisinopril and griseofulvin and AUCO-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 AUCO-0_0(AUCO—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% C13.

The estimated ratios and CIs were retransformed from the corresponding estimated differences in

means of the log transformed values together with their C15. The liraglutide treatment and the

placebo treatment were declared equivalent in AUCO-oo (or AUCO—72h) for a given drug if the
90% CI 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

n lmL
g 20

15

 
 

O 6 12 18 24 30 36 42 48 54 60 66 72

Planned time (hours)
Treatment — Liraglutide ---- Placebo

NDA 22—341 (Liraglutide) OCP Review 190



Figure 3: Mean Plasma Concentration Time Profile for Lisinopril in Presence and Absence of

Liraglutide

n ImL
9125

100

75 .' “

50

IlInIl’l

 

  

nlnlIlIl25  IwlIal
 
 

O 6 12 18 24 30 36 42 > 48 54 60
Planned time (hours)

Actual treatment — Liraglutide - - - - Placebo

Figure 4: Mean Plasma Concentration Time Profile for Griseofulvin in Presence and Absence of

Liraglutide
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Figure 5: Mean Plasma Concentration Time Profile for Digoxin in Presence and Absence of

Liraglutide
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The effect ofiliraglutide on the primary PK parameter (AUCO-OO) of Atorvastatin, Lisinopril and
Griseofulvin, and AUCO-72h of Digoxin is summarized in Table 3 and 4. AUCO.m was not

calculated if the extrapolated part was more than 20% of the total AUC.

Table 3: Summary Statistics for AUCO-qo of Atorvastatin and Lisonopril by Treatment

 

 Liraglutide Placebo

Number of subjects 39 42

AUG (h*ng/mL) atorvastas in
N 38 41
Mean 62.37 65.68
SD 25.78 24.45
Geometric mean 57.81 61.62
Median 54.64 66.83
Min
Max M

AUG (h*iig/mL) 1 isonopril
N 38 38
Mean 1086.43 1272.04
SD 429.44 467.88
Geometric mean 1006.30 1188.47
Median
Min —"———"—-—__'—‘
Max
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Table 4: Summary Statistics for AUC0-0_o 0f Griseofulvin and AUCO-72 Digoxin by
Treatment

 

 Liraglutide Placebo

Number of subjects 27 26

AUG (h*ug/mL) griseofulvin
N 19 21
Mean 32.56 29.62
SD 8.05 7.86
Geometric mean 31.75 28.68
Median 28.61 27.82
M'

Mi: -_.__.__ W4)
AUC(O—72h) ( h*ng/mL) digoxinN 26 25

Mean ' 28.22 31.78
SD 16.83 15.89
Geometric mean ‘ 23.69 28.32
Median 25.58 30.3l
Min
Max  

 

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

respect to AUCO-oo as the 90% confidence interval for the estimated ratio of AUCO-oo

(liraglutide/placebo treatment) was within the pre—specified limits for equivalence, i.e. within 0.80
to 1.25.

Table 5: Statistical Comparison between Treatments (Liraglutide/Placebo) for Atorvastatin

and Lisonopril.
 

liraglutide/placebo

atorvastatin

AUCDW N 4 2
Estimate 0.946
Lower 90% limit 0.886

Upper 90% limit 1.010
lisonopril

AUCDW. N 4 0
Estimate 0.849
Lower 90% limit 0.747

Upper 90% limit 0.966
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Table 6: Statistical Comparison between Treatments (Liraglutide/Placebo) for Griseofulvin
and Digoxin.

Table 11—6 Comparison of AUCQM of Griseofuivin and AUCMZI, of Digexin 

 liraglutide/placebo

griseofulvin

AUG N 22
Estimate . 1.096
Lower 90% limit 1.013
Upper 90% limit 1.135

digoxin

AUC(O—72h) N 2?
Estimate 0.843
Lower 90% limit 0.722
Upper 90% limit 0.984  

For lisinopril'and digoxin, however, equivalence could not be demonstrated for AUCO-oo or

AUCO-72h, respectively, when the drug was given at liraglutide steady state conditions compared
to during placebo treatment. The AUCO-oo 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

Table 7: Pharmacokinetic parameters for Atorvastatin

tables below.

 

 Liraglutide Placebo

Number of subjects 39 42

Crnax (119/le
N 39 42
Mean 8.30 14.19
SD 4.41 9.36
Geometric mean ".41 12.05

tmaX (h)
N 39 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 6.95 8.24

13(4)
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Number of subjects

Cmax (ng/mL)
N
Mean
SD
Geometric mean

tmax (h)
N
Median

Table 8: Pharmacokinetic parameters for Lisinopril

 

Liraglutide

3B

38
64.41
27.69
58.51

38
8.00

Placebo

38

38
87.59
35.58
80.30

8
.00(THU)

,M 13(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 2? 26

Cmax (ugImL)
N 27 26
Mean 1.0? 0.?5
SD 0.40 0.18
Geometric mean 0.99 0.73

tmax (h)
N 27 26
Median 6.00 6.00

N

thalf (h)
N
Mean
SD
Harmonic mean

27
16.75
6.22
15.07

26
16.59
10.41
14.35
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Table 10: Pharmacokinetic parameters for Digoxin

 

 

 

 

 

 

M4)

Liraglutide Placebo

Number of subjects 26 25

Cmax (ng/mL)

N 26 25
Mean 3.29 4.67
SD 1.55 2.03

Geometric mean 2.92 4.32

tmax (h)

N 26 25
Median 1.50 1.00Min
Max

Table 11: Statistical Comparison between Treatments (Liraglutide/Placebo) for
Atoryastatin and Lisonopril.

liraglutide/placebo

atorvastatin

Cmax (ng/mL) N 42
Estimate 0.619
Lower 90% limit 0.533
Upper 90% limit 0.720

tl/Z (h) N 42
Estimate 0.826
Lower 90% limit 0.?69
Upper 90% limit 0.887

li$onopril

Cmax (ng/mL) N 40
Estimate 0 ?30
Lower 90% limit 0 630
Upper 90% limit 0 846

til/2 (h) N 40
Estimate 0.982
Lower 90% limit 0.901
Uppar 90% limit 1.070
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Table 12: Statistical Comparison between Treatments (Liraglutide/Placebo) for

Griseofulvin and Digoxin. 

liraglutidefplacebo  

griseofulvin

VCmax N 27
Estimate 1.369
Lower 90% limit 1.243

Upper 90% limit 1.507

t1/2 N 27
Estimate 1.043'
Lower 90% limit 0.912

Upper 90% limit 1.194
digoxin

Cmax N 2?
Estimate 0.691
Lower 90% limit 0.602

Upper 90% 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 statisticsfor liraglutide pharmacokinetic parameters are displayed in Table 13. The
after the first dose wasratio of mean'dose—adjusted AUCT at steady state and AUCO-24

approximately 1.8.

Table 13: Pharmacokinetic Parameters for Liraglutide
 

Number of subjects

First dose Steady state

 

Cmax (pmol /L)
N
Mean
SD

Geomet ric mean
Median
Min
Max

tmax {h}
N
Mean
SD

Geometri :3 mean
Median
Min
Max

AUC* (hirpmolle
N
Mean
SD

Geometric mean
Median
bait]
Max

CLfF
N
Efléaéaii
SD
Geometric mean
Median
Min
Max

67
8839.75
2694.22
8500.23
8625.00

6?
13.33
3.68
12.84
12.00

67
14?910.94
40249.31
143417.83
145720.00

65

65
44663.05
10524.41
43464.33
44837.00

MW

65
8.97
3.25
9.24
10.00

65
809120
186605
789093
803166

65
0. 2
0.14
0.61
0.60

.72

.27

.25

.89

 

Efficacy Conclusions

Atorvastatin and griseofulvin, equivalence was demonstrated with respect to AUCO-oo
when the drugs were given at liraglutide steady state conditions compared to during
placebo treatment.

Lisinopril and digoxin, equivalence was not demonstrated with respect to AUCO—oo
(lisinopril) and AUCO-72h (digoxin) when the drugs were given at liraglutide steady state
conditions compared to during placebo treatment. The AUCO-oo for lisinopril was 15%
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lower and the AUCO-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 3 1% 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 AUCt at steady state and AUCO—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 liraglutide showed increased AUC’E and Cmax and

earlier tmax compared to single dose pharmacokinetics. The ratio between dose-adjusted

AUCt at steady state and AUCO—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:

 

  
  

Atorvastatin 138 % <—+

(40 mg)

13‘ % “6%

(1mg)
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Lisinopri]

(20 mg)
 

Griseofulvin

(500 mg)

H No change
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4.2.1] Pharmacokinetics in Elderly (NN2211-1327)

Study Details:

Title of Trial An open label; single dose trial with two groups comparing the
pharmacokinetics of Iiraglutide in young versus elderly sabjects of both
sexes

Development Phase Phase 1

[ND Number (US only) Not applicable

Compound Name Liraglutide

 

 

Indication Diabetes mellitus 

Investigators Georg Golor, M.D., PhD. (principal investigator)

Trial Site

Triai Initiated 19 April 20047

lrial Completed 16 June 2004

Sponsor Globai Development, Novo Nordisk A/S

International Medical Milan Zdravkovic, MD, PILD.
Officer N'ovo Nordisk Ai’S

International Trial Birgitte Bentz Damlioit, PhD, and Marianne Ekblom, .l’hQD.
Managers Novo’Nordisk A/S

Local Trial Manager Ulrike Petty, Novo Nordisk Pharma GmbH, Germany

Statisticians W.”— 23(4;
Poul C Pedeisen MSc Novo Nordisk A/S

Medical Writer Trine Kruse, M.S<:., Novo N’orclisk AIS 

 
Report Date 07 April 2005

Objective:

The primary objective of the study was to compare the pharmacokinetic exposure of Iiraglutide

(NNC 90-1 170), 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(0-00), CL/F, Vz/F, and W2 of Iiraglutide after a single subcutaneous injection in young

versus elderly subjects; to compare the pharmacokinetic parameters AUC(0-t), Cmax, tmax,

AUC(O—oo), CL/F, Vz/F, and t'/2 ofliraglutide after a single subcutaneous injection in male versus

female subjects, and to evaluate the safety of Iiraglutide in young and elderly, male and female

subjects.
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Methodology:

0 The trial was an open label, single centre, and single dose trial between two groups

(young and elderly) of healthy subjects.

0 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. ’

0 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 so. 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 3;) 16 (100.0 %] 32 (100.0 90-}
Safety population 16 (3.00.0 9a) 16 (100.0 %) 32 (100.0 %)
{>K population 16 (100.0 3:) 16 (100.0 %) 32 (100.0 9:}
Completers 16 (1.00.0 %) 16 (100.0 gs} 32 (100.0 %} 

PK : pharmacokinetics

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/mz, 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 AUC04, Cmax, tmax, AUCOm, CL/F,

V/F, and W2 after a single 5.0. dose ofliraglutide.

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 AUCM — 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 AUC0_I
and for the secondary endpoints AUCOM, CL/F, V/F, Cmax, and t‘/2 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 tmax 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/m2 (range 20.6—28.0 kg/mz). In
the elderly age group, mean age was 69.2 years (range 65~83 years) and mean BMI was 25.7
kg/m2 (range 20.7—30.7 kg/mz). 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 (iSD)
profiles of liraglutide concentrations (linear scale) after a single 5.0. dose of 1 mg — by
age group are presented below:
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AUC0_l was declared equivalent in young and elderly subjects as assessed from the 60-

hour liraglutide plasma profile obtained after a single 1 mg dose ofliraglutide.

 

AUCi:}»:;i (h*pmol,fL} 

 

young (ané) elderly (01:16) estimate 99% CI

mean (SD) mean (SD) (ratio)

4353633: (89627.8) 46627613 (128486.8) 0.94 [G.84;l.06] 

No statistically significant differences were found between the other pharmacokinetic

parameters, Cmax, tmax, AUCOM, CL/F, V/F, and W2, after administration of a single

dose ofliraglutide to young and elderly subjects.
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0 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(O-t), Cmax, tmax,

AUC(0—00), CL/F, Vz/F, and t‘/2,after administration ofa single dose ofliraglutide to male

and female subjects.

0 tmax (overall mean) was found to be 12.2 hours and W2 (overall mean) was 13.5 hours.

Both results were in accordance with previously reported results.

Safety Results:

0 Adverse events were reported by 7 (44%) young subjects (6 female and 1 male) and by l

(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).

I All adverse events, except one episode of ‘stomach discomfort’ were judged by the

investigator to be possibly or probably related to the trial product.

0 No serious adverse events were reported and no subject withdrew due to an adverse
event

0 Adverse events related to the gastro—intestinal body system occurred at time of Cmax.

0 No clinically relevant changes were found for clinical laboratory tests, vital signs, ECG,

or safety plasma glucose.

Sponsor’s Conclusions:

0 Liraglutide AUC0_t is equivalent in young and elderly subjects after a single 1 mg dose.

0 No statistically significant or clinically relevant differences in the exposure or

pharmacokinetic parameters of liraglutide were found between young and elderly

subjects.

0 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.

0 The adverse event profile was as previously described, although adverse events seemed

to be most fi'equent in young, female subjects.

0 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 ”/0 and 17.4 ”/6.

‘i‘here was no marked inaccuracy in the results from these quality control samples: mean
inaccuracies: -13.7 % (n=34) to 9.4 % (21:34).

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 D8] 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.

(A) By Age group
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22000§

zooooiA

18000€

rnoUL ieoooi

Ionic
88

12000§  
tooooi

Concennat

10 20 3O 4O 50 60

Nmnmarfinm(hows)

 

(B) By Gender
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Comparison between Age Groups and Gender — Primary Endpoint — Trial 1327
 

Elderly / young Female / Male

Original Analysis

AUC(O—t)
Estimate 0 94 l 58
Lower 90% limit 0 84 0 93

Upper 98% limit 1 06 i 26

Updated Analysis

AUC(O—t)
Estimate 3.91 1.08
Lower 90% limit 0.80 0.92

Upper 93% limit 1.03 1.28

Based on the revised analysis:

0 Equivalence was declared between age groups based on the updated analysis as the 90%

confidence interval for the ratio (AUCO—t) was contained within the pre—specified [0.80;

1.25] interval. .

0 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, open—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:ww— b(4)

Studied Period: 1 Sep 2005 to 20 Mar 2006

Primary Objective:

0 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:

0 to estimate renal clearance (CLR) of liraglutide in subjects with normal renal function
and in subjects with various degrees of renal impairment

0 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

0 to examine the disposition of liraglutide in subjects with end stage renal disease (ESRD)
on continuous ambulatory peritoneal dialysis (CAPD)

0 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, l2.5h, 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/m2 (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. Thebody mass index of enrolled subjects was to be below 40.0 kg/mz.

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

PP51 138). The solution was supplied in a prefilled disposable pen device, ——./ (3 mL). The

trial product was administered using NovoFine® needles (300), 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 primary objective of the trial was to investigate whether healthy subjects and subjects with
various degrees of renal impairment were equivalent with respect to AUCOM after a single dose of

liraglutide.

Equivalence could be demonstrated if the 90% confidence interval for the ratio of AUCOM 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 AUC0_[, CL/F, Cmax, kz, 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(AUCM), 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,

AUCOM, and the following covariates; AAG, LDL, VLDL, 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:

Efficacy

557/901

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(0-00) 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 AUC0_.,O 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 AUCW, CL/F, Cmax, Xz, tyz, 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(AUC0_w), 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, AUCOM, 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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0 Equivalence was not demonstrated between the group of subjects with severe renal
impairment and healthy subjects with respect to the primary endpoint AUCOm and the
clearance was higher in severe renal impairment (estimated ratio 0.73 and CI [0.57,
0.94]).

0 However, no clear association was observed between degree of renal impairment and
liraglutide AUCOW

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:

0 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.

0 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.
0 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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0 The analysis of the unbound fraction of liraglutide did not indicate increased unbound

liraglutide concentrations with renal impairment, although the data were highly variable.

0 Liraglutide was well tolerated in all renal groups and no safety concerns were raised.

Reviewer’s Comment:

Assay Performance

The plasma samples (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). 31] 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-oo and the criteria for including a profile in the

updated analysis were: 1) minimum one sample 510 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
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4.2.13 Hepatic Impairment Study (NN2211-1328)

 

 
 

 

 Title of Trial

A single-centre, open-label trial investigating the phamtacokinetics and the safety profile after a single dose ofliraghttide in subjects with hepatic impairment and in subjects with normal hepatic function
Signatory and Principal investigator

Professor Jnnusz Cianciara, Clinic of Hepatology and Acquired immunodeficicncies,

Linstitule ofinfectious and Parasitic Diseases of Medical Academy of Warsaw, Poland _‘Trial Site

Clinic of Hepatology and Acquired itnnntnodeficiencies.
institute oflnfectious and Parasitic Diseases of Medical Academy of Warsaw3?. Wolska Street

0 l -21 0 Warsaw
Poland

Publications

Flint A, Nazzal K, .lagielski P, Segel S, Zdravkovic M. influence of Hepatic impairment on Pharmacokinetics of the
Long~Aeting Human GLP-l Analogue Liraglutide. Abstract presenied at the 67‘“ Scientific Sessions, American’]

  

 

 
 

Diabetes Association. Chicago, US. 22-26 June 2007.
Trial Period

9 Mar 2006 to 26 3111) 2006
Objectives

Primary Objective

- To investigate the pharmacokinetics of liraghitide after a single dose in subjects with mild. moderate and severedegrees of hepatic impairment compared with subjects with normal hepatic functionSecondary Objectives

. To compare the safety profile. after a single dose of liraglutide in subjects with mild, moderate. or severe hepaticimpairment and subjects with nonnal hepatic function. , '
' To compare the plasma protein binding of liraglutide in plasma samples from subjects with mild, moderate orsevere ligatic impairment and subjects with normal hepatic function.
Methodology

0 A single-centre, open-label, parallel group, single close trial in healthy subjects and in subjects with hepaticimpairments grouped according to their Child-Pugh. classification.
0 The trial consisted of a Screening Visit to assess eligibility (Visit 1). a 96 hour iii-house visit including

administration of liraglntide (Visit 2) within Four weeks ofVisit land a Follow-up Visit (Visit 3) up to two weeksafter Visit 2.

0 Plasma sani line was )erformed For 72 hours after
Number ofSnbjects Planned and Analysed

o 25 subjects were screened and 24 subjects were randomised and exposed to lirtiglutide.
0 One subject did not attend Visit 3 and was withdrawn from the trial. '
o 23 subjects completed the entire trial period.

0 All 24 ex Josed snbiects were included in both the >harmacokinetic and safet -' o nlalions,themes“ Mi, .442 LDiagnosis and Main Criteria for Inclusion

Male and female snbjects aged between 18 to 75 years (both inclusive) who were either healthy or had stable hepaticimpairment classified as Child-Pugh grade A (mild), B (moderate) or C (severe) as assessed by the investigator The
subieets‘ health status. further to their hepatic impairment. was assessed at screening and included physical
examimnion vital signs, medical history, ECG and clinieai laboratory tests. The body mass index of enrolled subjectswas to be between 18.5 to 40.0 kgi'ni‘ (both inclusive).
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   Test Product. Dose and Mode of Administration, Batch Number

«- Liragltnide was supplied by Novo Nordisk AIS as a 6.25 mghnL solution (batch number P'PSl 1138). "fire solution
was supplied in a preliilcd disposabie pen device, FlexPenw (3 mL). The trial product was administered using
NovoFinci“ needles (306), also supplied by Novo Nordisk AfS.

0' The dosage administered was 0.75 mg. igicctcd subcutaneouslv into the thigh of trial subjects. __JDuration of Treatment

One single adminisrration of liraglutide was administered during Visit 2. a visit which lasted 96~hours The total trial
duration for each individual subject was up to 7 weeks.

Reference Therapy, Dose and Mode of Administration, Batch Number
”\jom$13111ng93.93.53} was used.
Criteria for Evaluation - Efficacy

Blood sampics for plasma liraglutidc were drawn at the lollmving time-points: 15 and 3.0 minutes prior to dosing and
at 21). 4h. oh. 8h, 9h. 10h. llh. 12h. 13h. 14h, 15h. loit. 21h, 24h, 36h. 48h. 60h and 7211afterdosing at Visit 2. The
pharinacokineiic endpoints were derived from the liraglntide time concentration curves.

Urine was coliccred in. the time period it) to 21 hours after dosing; and used for estimating renal clearance of
liraglutidc. _J
Criteria for Evaluation - Safety

Safety parameters included adverse events, episodes of hypoglycacmia, clinical laboratory tests (haematology,
clinical chemistry and urinalysis). 12—iead ECG. physical examination and vital signs. _]Statisticai Methods ‘

Efficacy

. The primary endpoint of the trial was to investigate Whether healthy subjects and subjects with hepatic
impairments classified according to Chiid-l’ugh grades A (miid), 8 (moderate) and C,‘ (severe) were equivalent
with respect to AUCQJ) after a single dose of iirughttidc.

- The trial was carried out in accordance with availabic guidelines (EMEA and FDA) on the conduct oftriais in
subjects with liepttiic impairments. Equivalence could be demonstrated it~ the 90% confidence interval for the ratio
of AUG(0..) for the group comparison healthy/severely hepaticaily i mpnircd subjects was within the pre—defined
limits of {0.70. 1.43}. The same equivalence criterion was applied for the other group comparisons.

' Secondary pharmaeokiuctic endpoints were derived from the iiraglut‘idc time concentration curves and included
AUCmn, CLEF. Cum, as. t:,,, tam. VZz‘F and CLR. '

o All endpoints were also estimated for the unbound fraction of liraglntide.
- An ANOVA ol‘the log transformed endpoints adjusted for hepatic group, age, gender and iogtweight) was

performed. Regression analyses of iog(AUCu-)_...)) and log(unbound fraction) corrected for age. sex. log(weight),
logtalbumin) and log-(portal vein diameter) were also perlormed. Interaction between concentration and hepatic
group and a random effect of subject were accounted for in the analyses of the unbound fraction of liraghttide.

- An explorzuire regression analysis was made to investigate a potential association between the primary endpoint.
AUCNL), and the following covariatcs; bilintbin, ASAT. ALAT. LDL. VLDL. HDL. AAG. PTT and liver
diagnosis (Le. viral or alcohoiic hepatic impairment),

Safety

~ The assessment of safety aramcters were based on descri the statistics.
Demography of Trial Population

24- Subjects (6 subjects per group) were exposed to liragiu‘tide; 14 males and 10 females and at least two females per
hepatic group. The groups were well balanced with respect to weight (mean: ”36.7 kg. range: 4.9.3 to lti.5) and BM]
(mean: 27 kgdn". range: 19.7 to 34.8). All enrolled subjects were white and between 21 and 61 years of age (mean
age 428 years). The subjects in the groups of modcmte 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 years
itgflspcctively}.
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 Efficacy Results

0 Equivalence with respect to AUCN.“ was not demonstrated between the groups of severely hcptnieaily impaired
subjects and healthy subjects (estimated ratio of 0.56 with a 90% confidence interval of 10.39. 0.8l l). with
hepatically impaired subjects havingy a lower exposure to liraglutide.

Hepatic group

 Mild/Normal ModeracejNormal Severe/Normal

AUC‘

Estimate 0.77 0.87 0.56
Lower 90% limit: 0.53 0.60 0.3.9
Upper 90% limit 1 11 1.25 0.81

o Equivalence with respect to AUCW..,-.; was not demonstrated between any of the other groups of hepatically
impaired subjects and healthy subjects either (estimated ratios and 90% confidence intervals 0f0.77 {0.53. 1.11]
and 0,87 [0.60. 1.25] for milds’nonnal and moderatefnormal. respectively).

. The group comparisons of subjects with severe. moderate and mild hepatic impairment versus healthy subjects
were found to be equivalent with respect to kl (it'tversc rm} tseverefnormal comparison had an estimated ratio 01’
LIX with a 90% confidence interval oil .I .02, 1.36}. but not for any of the other analysed secondary
pluirmacokinetic endpoints.

- No clear association between the unbound fraction of liragluiidc and hepatic group was seen. However. 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.

Safety Results

0 Three adverse events were reported. of which two were treatment emergent nausea and headache. experienced by
two different subjects in the moderate hepatic impairment group. These events were thought possibly or probably
related to liraglutide adtninistnuion and both subject's recovered within one day.

- No serious adverse events were reported.

- No safety concerns were raised durine the trial and liraelutide was well tolerated at the dose given in all subjects,C(inclusions I

o Equivalence with respect to AUCwfl was not demonstrated between the groups of severely hepatically impaired
and healthy subjects. with the exposure to liraglutide being lower in the group of subjects with severe hepatic
impairment. Equivalence with respect to AUCU...” was not demonstrated for the hepatic group comparisons
utildz‘nortnal or moderatcfnortnal either.

o The group comparisons of subjects with severe moderate and mild hepatic impairment versus healthy subjects
were found to be equivalent with respect to ix (inverse Ire) (severcfnormal comparison had an estimated ratio of
HR with a 90% confidence interval of l l .02. 1.36;. but not for any of the other analysed secondary
plutrtnacokinetic endpoints.

- No clear association between the unbound fraction of liraghttide and hepatic group was seen. The group of
subjects with severe hepatic impairment did not have a higher unbound fraction compared to the group of healthysubjects.

n Liragl‘tttide was well tolerated in all hepatic groups and no safety concerns were raised.
‘ Subjects with type 2 diabetes who also suffer from hepatic insufficiency should use standard treatment regimens

for liraglutide and be closed according to their glycztemic control.
The trio! was conducted in accordance with the Dee/amnion (gf'l'leh‘inki and [CH Good ("linicai Practice, ‘4

 
 
  

  

 
 

    
Sponsor’s Conclusions:

- Equivalence with respect to AUCOm 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 hepatieally impaired subjects having a
lower exposure to liraglutide.

0 Equivalence with respect to AUCOM 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 l] and 0.87 [0.60, 1.25] for mild/normal andmoderate/normal, respectively).

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 control samples rangedbetween —11.2 % (n=]2) and 8.3 % (n=50).
Study

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—
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Comparison between Hepatic Groups — Primary Endpoint — Trial 1328 

Hepatic group

 Mild/Normal Moderate/Normal ' Severe/Normal

Original Analysis

3.7? 0.87 0.56
3.53 0.68 G.3§
1.1; 1.25 0.83

(“.89 [3.86 0.53
6.57 9.6} 0.46
1.40 1.25 0.85

 
 

Based on the revised analysis:

0 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.

0 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. dottblevblind. singlevccntre, p1acebo»controlled. ascendit'tg single s.c. dose. sequential group study to
assess the safety. tolct‘ttbility, pharmacokineties and pharmacodynzunics of liraglutide (NNC 90-11%) in healthy
.13 anese male snbiecxs
INVESTIGATOR

Sltin lrie. MD
Head of Kvushu C linicnl Pharmacology Research Clinic
TRIAL SITE

Kyushu Clinical Pharmacology Research Clinic
13-16. Jievo Z-choane. Cline-kn, Fukuoka. 810-0064. Jttzm
PUBLICATIONS

None

TRIAL PERIOD DEVELOPMENT PHASE

I? December 2002 (FSFV) to 28 March 2003 (LSLV) Phase 1
OBJECTIVES

Primary: To assess the safety and tolct‘ability after single s.c. doses of liraglulide from 2.5 to 17.5 ngt’kg, at
tnaxinnnn, in healthy Japanese male subjects

Secondary: To assess the pharmacokinetic (PK) profile alter single s.c. doses of limghttide
To assess the effect of liraszlutide on insnlin. glucose and elucaeon levels

METHODOLOGY

This was it Phase I. randomised, double-blind. placebo-controlled, ascending single-close, sequential group study. Four

 

ascending dose levels were studied in four dose groups of 8 subjects per group (active : placebo = 6 : 2 ratio). Subjects
received a single s.c. dose alter breakfasr. Starting with the lowest dose of 2.5 ttgikg up to t5. ttgt’kg. as the highest
planned dose of 1?.5 ttgz’kg was not administered. All doses were administered subcutaneously using a NoxroPett" Ill
injection device. Subjects stayed in the study site from Day 0 to Day 4, 72 homs after the administration of lirztgltttide.
and returned for a ost-triat visit ?-21 da {5 after Dav 1,
NUMBER OF SUBJECTS PLANNED AND ANALX’SED

A total of 40 healthy Japanese male subjects. aged 20—45 years and BMI of 18~27 were planned for enrolment in this
trial, 8 subjects at each ol‘the five dose levels. Altogether. 92 male healthy subjects were screened. During the conduct
of this trial. since the results from the first four dose levels suggested that the X5 ngfkg dose was the maximum
tolerated single dose due to the occurrence of gastrointestinal adverse events, the 17.5 gig/kg dose group was
cancelled, thus. a total of 32 subjects were randomised and completed the trial. 60 subjects were only screened and not
enrolled in the trial due to cancellation of the planned highest dose level of 17.5 ttgikg. These subjects were recorded
as screening failures in this trial. No re lacetnents were rec Illi'ed.
DIAGNOSIS AND MAIN CRITERIA FOR EXCLUSION

Healthy Ja anese. male subjects. aged 20 to 45 years, with tt BM! of t8~2if kgi'ml
TEST PRODUCT, DOSE AND MODE OF ADMINISTRATION. BATCH NUMBER

Liraghttide (NNC 90-l 170) 5 nights}; solution, 1.5 mL Penfillg cartridge, 5.0. administration
Batch No.2 LLDWO?’

DIERATION 0F TREATA’IENT

Single dose administration.

REFERENCE THERAPY, DOSE AND MODE OF ADMINISTRATION. BATCH NUMBER

Matching placebo solution. 1.5 mi. Pentills‘iii cartridge. s.c. administration
Batch No; LLDPUQS
CRITERIA FOR EV’ALGA’I‘30N — PHARMACOKINXTICS AND PHA‘RMACODYNA:\-’IICS
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 The concentration of plasma liraglutide was measured after a single dose over ?2 hours. Liraglutide was determined
by a specific ELISA assay. From the concentration profiles the following PK endpoints were derived:
. Area under the plasma Iiraglutide curve from time 0 to infinity after injection. AUG“...
' Maximum plasma liragluridc concentration, C.m
- Time to maximum plasma lirttglutide concentration, tum
. ‘fertttittal phase elimination rate~conslant. it;
. Mean residence time. MRT

- Terminal elimination half-life. t,.3
. Apparent clearance CLi‘F
. Apparent volume ofdistribtuion, VIIF
Phannacodynamic evaluation comprised the following endpoints:
~ Average glucose level ll hours after liraglulide administration, AUCaJtlglttcoseYil hours
. Average glucose level l 1—24 hours after liraglutide administration, AUC t..3..{glttcose)fl3 hours
. Average glucose level 1 1 hours after lirnglutidc administration, AUthtinsulltnfl 1 hours
- Average glucose level l [-24 hours after liraglnticlc administration. AUC1,_2.,(iitsulit1)!l3 hours
- Average glucose level 1 l hours after lirttglutide administration, AUQLRQIticagoulfl 1 hours
- Average elucose level 11-24 hours after liraOIuIide administration.AUG”.3..(Gltic:1a011‘tfl3 hours
CRlTERIA FOR EVALGATION — SAFETY

Safety was addressed by the following primary endpoints:
~ Physi ‘al examination
. Body weight
. Vital signs (blood pressure and pulse rate)
. ECG

. Clinical laboratory assessments (haematology, biochemistry including 'Fl’G and urinalysis)
- Safety blood glucose at 3. o, 9, 12 and approximately 72 hours post-dose
. Adverse events

STATISTICAL METHODS

Subject characteristics (age. height, weight. BMI) and vital signs (pulse, blood pressure) were summarised by
descriptive statistics including N (counts). mean, minimum, median, ttuiximum and standard deviation) (SD). The PK
(except it}; and CLiF) and pharmaeoclynamic (PD) parameters, and haematological and biochemical laboratory
parameters were summarised by descriptive statistics including N (counts), mean. minimum. median, maximum and
SD. Additionally, geometric mean and geometric CV92?) were provided for l’K parameters AUCGM. C“at. MR1". CLx‘F.
Vzr'F. in. 3th and for PD parameters Urinalysis was given by frequency tables including counts (N) and percentages

‘34))- The PK endpoints AUCQM. Cam, in. MR?“ and V7.3: were transformed using log translbrmation prior to the
statistical analysis, The remaining PK parameters were not transformed. No statistical analysis of the 'l’K endpoints.
t1; and CLXF were carried out since all inference about ‘11: and CLiF could be made from the inference. about the
equivalent parameters is, 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 error.
An analysis of variance {ANOVA) was carried out for l’K parameters and estimated population means for each close
level with corresponding 95% confidence intervals (Cls) were calculated. The C15 for the log-transfomtcd parameters
were transformed back to get Cis on the original data scale. '1'“m i la: presented by descriptive statistics including N.
mean. minimum. median. maximum and standard deviation and no limiter analyses were performed. Dose

proportionality was addressed for the endpoints AUCW and Cam and by performing a regression analysis ol’a log-
transformed parameter on log-transformed dose. An estimate of the slope of the regression line and corresponding
95% (‘15 were calculated.

The statistical analysis of the ?D endpoints was based upon tverage levels for glucagon, glucose 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 close
etl'ect (categorical variable). a fixed group effect. baseline as a covariate and a random error. 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 laboratory parameters. the dose—response relationship for the change from baseline was separately
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investigated non-pat‘atuetrically by using the Jonekheere—Tcrpstra test (trend analysis).
Throughout the analyses a significance level ol‘n two-sided 5% was used and no multiplicity adjustment was

erl‘ormed.
DEMOGRAPI‘IY OF TRIAL POPULATION

The subjects enrolled were 20 to 27 years otd (mean: 22.1 21-1." years). had a BM] between 19.0 and 24.3 tcgi'm2
( mean: 21.1 11.4 1:9511‘12) and were free of any significant concomitant disease.
PHARMACOKINETIC AND PHARB-IACODYNAMIC RESULTS
PHARMACOKINETICS

The PK ararneters after a sintxlc dose of lit‘ztuitttide are summarised in the table below:

Dose Statistics C...“ tn...X AUG)... rm CLIF V2.1? 9».
t'ttgrttg 1 ipmoliL] [at [hpmoiz'L] thl toting] tL/kgt [1/11]
2.5 Mean 3.1290 7.51 1‘ 64.005} 10.13 0.011170 0.1573. 0.00865

SD 834.6 11.724} 0.81 0.00185 0.0363 - 0.00504
Mean 4.8518 11.00 “ 134.2427 1 1.03 0.01002 0.1590 0.06335
SD 720.6 14563.8 1.18 0.00105 0.01 '15 0.00676

Mean 12.267} 10.00 “ 295.2480 11.35 0.00961 0.1558 0.06135
SD 2.6018 ?4,748.6 0.87 0.00281 0.0380 0.00497
Mean 18.3780 10.00 “ 447.9400 £0.88 0.0092! 0.1440 0.06402
SD 2.9319 83.1311 0.90 0.00381 (H 27!.) 0.0052?

 

 

 
1‘ Medi an

- Liragltnide was quantifiable from 0.5 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 ll hours
(medians) across all dose groups.

. Liraglutidc \ "as cleared from plasma with a terminal elimination half-life of approximately 10 to 1] hours for all
close groups.

. The linear regression analysis was consistent with dose proportionality for the PK endpoints AUG“... and CW. The
PK parameters CLE’F. V2112“. 1,3. 1,, and MRT were approximately constant over the. dose range of 2.5 to 3.5 ttgfkg
liranltttide.

PHARMACODYNA."1.1CS

. For the 15 ttgjkg dose group. reliable PD data only from four out oi’six subjects were included in the analysis as the
remaining two subjects consumed a very small evening meal due to C51 adverse events.

- On average. the release of insulin concentrations after a meal stimulus, being served 11 hours afleradministmtion of
liragiutide. appeared to be attenuated in particular after the highest dose of 15 ugltg. However. no significant dose
effect was observed in the ANCOVA for the derived A001,.“ value for insulin. Also no significant effect was seen
for the plasma concentrations and the derived AUG...“ values during the fasting period from pie-close until ll hours
post-dose.
Attenuation in peak glucose concentrations after 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 , m values for glucose. No
significant effects or tendency of difference were observed for the 0 l 1—hour fasting period. although the mean
glucose level appeared to be lower in the 15 tt 1.3,!th dose group in comparison to the other treatment groups.
Suppressions in mean glncagon levels after the evening meal were most pronounced in the 10 and 15 ttgz’kg dose
groups. The AUCm; 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 AUCg.” values, as
plasma concentrations of the ll) and {5- .ttgz’kg dose groups appeared to be markedly lower during the l, l~hour fasting
interval when commed to Jlacebo or the lower close urou s.

SAFETY RESULTS

. Nine treatmcnt-crncrecnt adverse events were reorted from four 12.5%) out of 32 sub’ects during this stud
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 AEs in one subjects exposed to 2.5 ngtkg of Iiragluticle and seven A55 in three subjects exposed to 15 pgikg of
liragltrtide, All AES were oftnild severity and resolved with no remedial treatment. No subject was withdrawn} dirt: to
an AB and there were no fatal, serious or other clinically relevant ABS.

. Liraglutide was administered at (loses of 2.5 to l5 trg-‘kg and was generally well tolerated over the (lose range of 2.5
to H) ttgdtg. At the 15 ttgikg dose level. three of six subjects exposed to liraglutidc reported gastrointestinal side
effects of mild severity. which comprised nausea and vomiting and were considered by the investigator to be
probably rotated to the trial product. Based on these results. the progression to the next higher dose level (17.5 ttgz’kg
or placebo) was cancelled according to the recommendation given by the Trial Safety Review Group.

. Total cholesterol and phosphate tended to decrease to a higher degree in liraglutide groups than placebo group; there
were statistically significant differences 0 ‘ a tendency of significant difference between the dose groups for the
changes from Day l (baseline) to Day it and from baseline to Visit 3 (post trial). A decrease from Day 1 to Day 4
was seen for ihe parameters magnesium and albumin. whereby the changes appeared to be more pronounced with
incremental 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 parameters. there were no dose-
dependent changes over time over the dose tested suggested by the two‘sidcd J’onckheere-Terpstra test. There were
no individual clinically significant abnormalities observed for any of the laboratory parameters assessed: no clinical
laboratory adverse event (CLAE) was reported. Safety glucose assessments did not indicate hypo- or
hyperglycaentia.

. Vital signs (systolic and diastolic blood pressure. pulse rate) showed a tendency towards lower values during the first
8-12 hours after trial product administration. There were no dose-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 after dosing, when compared to the corresponding
baseline values, without within to dose- or treatment-related changes.

CONCLUSIONS

- In healthy Japanese subjects. llraglutide was generally well tolerated over the dose range of 2.5 to it) pgfkg. but less
at the highest dose level of l 5 rig/kg. where three of six subjects exposed to liraglutide reported gastrointestinal side
effects (nausea and vomiting) of mild severity. In conclusion. it was suggested that the titaxitnutn tolerated single
dose in healthy Japanese male subjecrs might be 15 ugi‘ltg. .

. No subject was titithdrauv’n due to an AR and there were no fatal. serious or other clinically relevant AEs. All AEs
resolved with no remedial treatment.

- The total cholesterol and phosphate tended to decrease to a higher degree in liraghuide groups than placebo groups
while no apparent dose-response relationships were seen. and a tendency oi‘statistically significant result was seen
for the changes in some ltacuratologicai. biochemistry and urinary parameters from baseline (Day E) to Day 4 or
Visit 3 over the tested dose range including placebo; no major safety concerns were raised from clinical laboratorylCSlS.

- 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 trial.

- Absorption of liragltttidc was slow and the maximum plasma concentrations were reached after 7.5 to l 1 hours
(medians) across all dose groups. and cleared from plasma with a terminal elimination halfvtime of approximately 10
to l l hours for all dose groups. The linear regression analysis showed dose proportionality for the l’K endpoints
AUC’a... and Cm.» The PK parameters CLF VliF. rm, A. and MRT were approximately constant over the close range

- 0172.5 to l5 ugr‘kg of liraglutide.
. Comparing with the data from previous trial (NN221 H 149). overall PK profiles in healthy Japanese subjects scent

to be comparable to those in healthy Caucasian subjects.
- Key PD findings obtained from this trial was dosedepending attenuation ofpostnprandial glucose assessed by

AUC ll.2«i~ and there seemed to be only a small effect of liraglutide on post—pi‘audial glucagon but seemingly little
effect on post-prandial insulin in healthy subjects by a single dose of a dose range administered in this trial.
Pitart'tiacodwtamic roliles should be further investigated in .la )anesc sttbiects with IV C 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)

'l‘l'l'LE OF TRIAL

A randomised. double-blind. single-centre. placebowcontrollecl. ill-day multiple s.c. doses. dose escalation study to
assess the safety. tolet‘abitityz plutrtnaeokinetics and pharmacodynatnics ot’tiraglntide (NNC 904 L70) in healthy
.la attesc male sttb‘ects

INVESTIGATORL‘S)

Shin 'lrie. MD. PhD. head of Kyushu Cliuical Pharmacology Research Clinic
TRIAL SlTE(S)

Kyushu Clinical Pharmacology Research Clinic
[fl—Io Jigvo Z—eltomc. Cline-kn. Fukuoka, Sill-0064. la '
PUBLICATIONS

None

TRIAL PERIOD DEVELOPMENT PHASE

I [Sc )tcntber 2003 to 13 March 2004 Phase 1
OBJECTIVES

 

Primary objective:
To assess tlte safety nncl'tolerahility after multiple sac: doses of liraglutide in healthy Japanese male subjects
Secondary objectives:

- To assess the pltarmacokinetic profile after multiple sac. doses of liraglutide
- To assess the effect of lll‘llgllllldc on serum glucose level
— To assess the effect of lirogluticle on calcium homeostasis l’calciton. ionised calcium (€er "). parathyroid

hormone (PTH'), Vitamins D and 8;: levels in serum and urinarv calcium and thus )homs

METHODOLOGY ,

This was a single-centre. randomised within close group. dottblevblindi placebo-controlled. dose—escalatiot't trial with
sequentlolly—ascending multiple ,szc. doses of liraglutide at three (lose levels in healthy Japanese male subjects.
In each dose group, eight subjects were administered multiple sue. doses; six subjects received liraglutide and two
subjects received placebo. In all three dose groups liruglutidc or placebo was injected once daily for El days. One dose
group was with 5 no; .v'ctay treatment for ll days. and the second dose group was with 5 ttgikgfday for ? days
followed by ll) ugik; ay for l4 days The third (lose group, the highest dose group of liraglutldc. was titrated from 5
,ugikgfdny to l5 pg, 5 l)’ using a weekly 5. ttg'kgfday close increase for 3 weeks. All sac. doses were administered
with a NovoPen's" lll injection device. Screening {Visit 1) was performed at 28 to 3 days prior 10 Day 1 (first dosing)
of Visit 2: all subjects stayed at the trial site from Day —2 to post last dosing day (PLDD) 3, tie. fora 26—day period.
Thev returned for a follow-us visit (Visit 3) 'z’ to 21 clays after the last close of the trial roduet,
NUM man or SUBJECTS PLANNED AND ANALYSED

Number of subjects planned: 24 subjects. 8 per dose group (six on liraglutide, two on placebo)
Number of subjects screened: 62 '
Number of subjects randomised: 24
Number 01‘ subjects exposed: 24
Number of subjects completed and analysed: 24
Ntttttbcr of withdrawals: ()

DIAGNOSlS AND MAIN CRITERE’A FOR lNCLUSi’ON

Healthy iaanese ittale subicctsr aged 20 to 45 years with a bed , mass index (BM l) of bclween 18 and 27 kelttt2
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TEST t’RODUCT, DOSE AND MODE 0F ADMINISTRAHON. BATCH NUMBER

Test product: Lirttglutidc 5 mgi’tnL solution. if tnL Penillli cartridge
Doses:

Dose—group l; 11kg body weight for El days, once daily
Dose-group 2: _ kg body weight for 7 days 4r in ugfkg body weight for l4 days. both once daily
Dose-group 3: 5 t1 kg body weight for 7 days ~4- lt) tits-kg body weight for '1' days + 15 ttgi'ltg body

weight for 7 days, all once daily
Mode ol~ administration: sue. administration into a lifted skin fold ofthe abdominal wall on a line between the

umbilicus and the anterior superior iliac spine
Batch No.2 LLDPOO?

DURATION OF TREATMENT

in all three dose arou )s lrraolutide or )laccbo was inicctcd once daily for 21 days.
REFERENCE THERAPY. DOSE AND MODE OF :XDA'IJNISTRATION, BATCI-i NUMBER

Test product: Placebo (liraglntide l'lNN: NNC 90~l 170i vehicle) solution 1.5 mL Penftll‘y‘; cartridge
Doses: Calculated tiiatching clicks as liraglntide treatment in each dose group
Mode of administration; int-r. administration into a lifted skin fold of the abdominal wall on a line between the

umbilicns and the anterior superior iliac spine
Batch No: LLDPOOS

CRITERKA FOR EVALUATION "— PHARMACOKINETlCS & PHARMACODYNABHCS

Pharmncokinctic (PK) endpoints derived from 72-hour plasma iiraglutidc profile:
AIUCagtg, (last dosing day). metlust closing day), tnm (tast dosing day). (Imp, from Day 2 to the day before last
dosing. dose-corrected R4... [dose—corrected ratios of AUC. ~ - inst dosing (lilyfliAUCtlAzAtliiiilSl dosing day), AUCM.”i
(last dosing day)i.b\UCn.3.u)tDay l). C‘mtlast dosing day); (.xt'Day 1)]. iv, MR1". n.2, CLIF. Vz/F (all after last
(losing)

Plittrtttacodynamic (PD) endpoints derived from 24-hour serum glucose profile on Day —1 (basciine’) and last dosing
day:
AUCTMQI (Glucose)2‘16h. AUCuqnt (‘fllttcoseVl-‘ih. .AUC;.;§_L4.1JL§1.15;, (nlttcoselfioh. incremental AUCW, {ghgose}

CRITEREA FOR EVALUATION - SAFETY

  
  
  
  
  

  
 

 

 
  

 

 

 
 

  

 

 
 

  

     

 
 

Adverse events (AEs). Ciinical laboratory assessments (lutematoldgy. biochemistry including lipids. fasting plasma
glucose [EPG] and urinalyses). Urinary volume and eiectrolyte excretion. Vitamins D and BB in serum. Antibodies
against liraglutide. Body weight. Vital signs (blood pressure and pulse). electrocardiogram (ECG). 24-hour profiles of

cttlcitonin. (‘2 land PTH. Glucose 113%
STATISTICAL METHODS

Pharmztctikinetics: Descriptive statistics were presented for the PK endpoints except for tum which included: N.
mean. geometric mean, mitt. median. max. SD. geometric CV‘I’zfl. For t,Imx only N mean min, median. max and SD
were presented. Individual plasma litaglutide PK endpoints were listed by active dose and subject number. Le.
excluding placebo-treated subjects. All PK endpoints except 1mm and (““ng were presented as scatter plots ot‘endpoint
versus dose. The PK endpoints AUC;..;,H, (last dosing day). Cmax (lasr dosing day). C3,mu?h (only Days " l4 and 21). Rec.
7% MRT and Vail? were transformed using a log transformation prior to statistical model ilng. The remaining 9K
endpoints were not analysed further. The model for the endpoints cottld be stated as follows: the response for each
subject is the sum of an overall mean. a fixed dose effect and a random measurement error. An analysis of variance,
foilowing the above-mentioned 1110ch was carried out and estimated population means (least square means) for each
dose level with corresponding 95% confidence intervals (C Is) were calculated. The (715 for the log‘transformed
variables were translot‘tned hack to get CIs on the original data scale. Contrasts on the log scale were calculated using
the lowest dose as the reference point. corresponding to rates on the original scale.
Pbarmacodynamics: 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.
Futthermore, scatter plots of PD endpoints lAUCngh (giucoseifl 6h. AUCmth (glueosefldli and
AUCi.n)..t.6s.t my. (glucosctfolfl versus PK endpoint [.AUC‘9.3,;,. ( last dosing day” or logarithm of PD endpoints versus
logarithm of PK endpoint were shown for all subjects exceptsubjects who were treated witltptacebo, The statistical
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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 ol~ contrasts with placebo treatment as reference was made.
Model for the PD endpoints: the response in each subject is the sum of an overall mean. a fixed dose effect. a fixed
group effect. baseline as a covariate and a random error. The correSponding PD parameters on Day wl (baseline) were
used as covariates in the statistical analysis. No statistical analysis of FPG \ ’as perfonned.
Safety: All AEs were listed by subject. including demographic information, treatment group. date and time of onset.
outcome, date and time ofontcmne. severity. changes to the trial product due to AE. relation to the trial precinct.
Medical Dictionary for Regulatory Activities (MedDRA) system organ class (SOC). MedDRA preferred term (PT).
lowest level term (LLT) and term reported by the investigator Laboratory assessments, urinary pl—l. urinary volume,
urinary electrolytes, serum vitamins D and .B;;. vital sings. body weight and ECG were summarised descriptively by
treatment group. Antibodies against liragltttidc were summarised as frequency table. Sixtecm and 244mm average
levels derived from 24—hour profiles of serum caleitonin. Cat" and P'l‘H were analysed in the saute way as PD
endpoints.

Liraglutidc was detected in plasma stti'nplcs from Subject 02 on Days It) to l6. although this subject was randomised
to receive placebo. Therefore. an additional statistical analysis for PD and safety endpoints was performed without
data from Subiect 02 for assessments a her the time of dosing on Day 9.
DEMOGRAPHY OF TRIAL POPULATION

A total of 24 healthy Japanese male subjects entered the study. They were on average 24.7 ($2.!) years old. had a BMI
of 2.1.23 (21.95) [($191 with a weight of 63.47 (#536) kg and a height of L729 (:0048) nt. There was no relevant
difference in the demographic data between the different dose groups.

 

Desegjytive Statistics of Demographics
 

 

 
 

N Age [years] Height [In] Weight {kg} BM} ikgl’mli
Placebo 6 23.3 {3.3) 1.723 ($1338) 65.42 {5.80) 22.07 (2.31)

Constant—dose (i 25.5 2.0) 1.?6?‘ ((3.040) 64. l S (6.35) 20.52 (1.270)
F. nltttion l 6 24711.4) 1.?l0 (0.027) 60.62 {4.45) 20.75 (2.08)
Escalation 2 6 24.8 (2.6) 1.? l? (0.067) 63.6? (6.11) 2 l .60 ( l.?7) 
 

PHARMACOKINETEC 6'; PflRi’t'lACODYNAMIC RESULTS

c Liraghttide was measurable in plasma from all liraglutide treated subjects and quantifiable from i to 24 hours on
Day I and from O to ’22 hours following the last (losing on Day 21. In addition. liraglutidc was quantifiable in all
trough plasma samples during the treatment period.

0 Liragltttide was detected in the plasma from Subject ()2 on Days to to M. although this subject was randomised to
receive placebo. It is suspected that liragltttide was administered to the subject once on Day 9 by mistake.
metlast dosing day) and AUC‘.-..,m(last dosing day) increased proportionally to the dose adtttinistered.
Tum. t; 3. MRT. CUP and VZZF were approximately constant within the dose range ofS to 15 ttgilcgiday.
Ra‘s Were calculated to 1.4—1.6 within the dose range of 5 to 15 ttg ‘ctay.
The glucose profiles over time reflected the meahrelatcd alterations at this healthy population.
Compared to a 24-hour baseline profile of serum glucose on Day —l. the meal~induced increases in glucose levels
after the tltt'eevweck lit‘aglutide treatment were reduced without any apparent differences for the three liraglutide
treatment groups.

0 In the ANCOVA. the liraghnide treatment effect was found in the AUCS of glucose levels compared to placebo. A
946% difference in derived endpoints of liragltu’lde 5 ugikg and IS pgi’kg treatment groups was obtained. while
the analysis did not reveal any significant difference for the l0 ttgikg treatment group. The variability of data was
high.

SAFETY Rtssu LTS

o Three TEAEs ol‘inild severity were reported by two subjects during the study. Two TEAEs (rash and alanine
aminotransferase increased) occurred in placebo treatment group. one TEAE tnasophatyngitis) was reported by a
subject treated with a constant dose of liraelutidc. No AF. was ObSCWCd in the two dose escalation groups. No

  OD...
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serious and no significant AE occurred. None of the subtects it
medical ion was necessary. '
There was no treatment- or dose~relatcd change in safety laboratory parameters. except for an approximately 12-—
l8% decrease in total cholesterol concentrations compared to baseline across all treatments.
There was no apparent effect of liraglutide 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 3 l -day treatment regimen with liraglntide compared to
placebo.
The only calcium related finding that was observed in this study was a tendency towards a lowering in P’I‘l‘l levels.
However, this was not accompanied by c‘lutnges 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 ttot show any systematic trend during this trial for any treatment.
Assessment of urine volume and urinary electrolyte excretion did not reveal any relevant change during the 21~day
treatment with liraglutide compared to placebo.
No liraelutide antibodies were detected in the serum of any subiect.

 Mensweaw
CSCUC

 
 
as mt ldrdl\-l1dlle to an Al: and no t

  

In this study in 24 healthy lapanese male subjects, a constant-dose of 5 ttgikg and stepwise escalated doses of ED
and 15 rig/kg as a three-week treatment regimen were well tolerated.
Three TEA’Es of mild severity were reported by two subjects during the Study. Two TEARS trash and alanine
aminotransfernse increased) occurred in placebo treatment group, one TEAE (nasopharyngitist was reported by a
subject" treated with a constant dose of liragluticie. No AE was observed in the two dose escalation groups. No
serious and no significant AE occurred. None of the subjects was withdrawn due to an AP. and no rescue
medication was necessary. .
There was no treatment- or dose~relatcd change in safety laboratory parameters. except for an approximately 12—
lS‘Vu decrease in total cholesterol concentrations compared to baseline across all treatments.
The only calcium related finding that was observed in this study was a tendency towards a lowering in 9TH levels.
However, this was not accompanied by changes in calcium or phosphorus excretion in urine. or consistent changes
in Cal" levels, suggesting limited significance of the finding.
The three-week liraglutide treatment did not reveal any clinically relevant impact on vital signs data. lE-lettd ECG.
vitamins D and Bi; levels. as well as urine volume and urinary electrolyte excretion data compared to placebo.
No antibodies against lit‘agltttide were detected in the serum of any subject.

 
max and A'UC increased proportionally to the dose administered.

' max. t;_.-:. CL/F. V2! and MR‘T were approxitt‘tately constant over the dose range of S to l5 ttgr’kgfday.
Rats were calculated to 14—1 .6 within the close range of 5 to l5 pgfkgz‘day.

Compared to a 24-h baseline profile of settttti glucose on Day ~l . the meal—induced increases in glucose levels after
the three-week liragltttide treatment were reduced without any apparent differences for the three liraglutide
treatment groups.
In the ANCOVA, a 9»16% difference in derived glucose endpoints of liraglutidc 5 pglkg and is ugfkg treatment
groups compared to placebo was obtained. while the analysis did not reveal any significant difference for the
limalutide 30 ttflttz treatment Orou cont arcd to laecbo.

 
The trial i 'as conducted 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)

 TETLE 0F 'I‘RIAI .

A randomised double-blind within dose group. single—centre,placebo conti'ollch parallel 2-ditlbt‘cttt dose group, l4-
clay uniltiplc $.c doses study to 21525655; the safety, plutrmucokinctics and phzu'mncodyua mics of iiraglutirle (NNC 90w
l l 70) in subjects with ty )8 2 diabetes

iGA'l'OR.

Slain It'ic. Ml), Phi), Head ul‘Kyttslttt Clinical l’ltarnmcoloay Rest-arch Clinic
TRIAL SITE

Kyushu Clinical Pharmacology Rescind
i’UBl.,KTA'I'I()NS
None

TRIAL PERIOD

()3 December 2003 (FSFV) ._ 8 March 2004 (LSLV)
()BJE(IT! V153

Primary objective: .

I To assess the safety after I4-(121ymuittplt! 5c doses ot‘liraglutide in fapanese subjects with type 2 diahctcg and
compare tho safety at doses 5 ttgi’kg and it) ttgikg.

Secondary objectives:

a To as $8 the pharinacokinetic (PK) profile after multiple so ($0565 of liragiutide in Japanese subjects with time 2diabetes.

1' To ass-2‘33 the effect of limolutidc on serum insulin and alasmzi glucose Eevcls.
METHODOLOGY

This was a singlc'ccnu‘c. randomised. (loubicwblind within dose group. placebo~controilecL multiple-dose (so).
parallel—group trial in Japanese subjects with type 2 diabctcs. The constant-dose group rcccivcd Sitgikg for two
weeks. whereas the dose~ *scttlution group rcccived S gig/kg for tire first week and It) ttgz‘kg for the. second week.
Within uric-l) dose group, six sobjcct's received limglutidc and two subjects received placebo (ratio ofnctive : placebo
= 6 ; 2). All doses were administered using a Novoi’cnfi’ I'll injection device. Subjects stayed in the trial site from
Day ~3 to post inst dOSing day (FIDO) 3, it). ?2 hours after the last administration ot'NNC 90—1l70 and returned for
a tbllmv-u ) vi$it 7-31 days ttll'cr last dosing.
NEMBER 0F SUBJECTS PLANNED AND ANALYSED

Number of subjects planned: l6 subjects, 8 per treatment group
Number of'subjects screened: )7
Number of subjcct‘s randomised; 16
Number ol‘subjects exposed: l5 .

(One subject withdrew for Private reasons after randomisation before any exposure to trial product.)
Numbert)fsubjccts completed and analysed: 15 (constant-(lose: 6. dose-escalation: 5, piitccbo; 4 subjects)
Number of withdrawals: l
DIAGNOSIS AND MAiN CRITERIA FOR {NCIIESION

Japanese male and female subjects with type 2 diabetes, aged 20 to 64 years. with a body mass index of? “$5 and
<‘ 300 knimz, and with lib/\“y 0113.0 to 9.0%.
TEST PRODUCT. DOSE AND MODE OI" AflMlNIS'IVRATION. BATCH NUMBER

Test product: Limgltttidc ('NNC 90-1 ”0) S mgi'mi, solution, 1.5 mt, l’cnfill‘xx cartridge. Batch No: 'i...[..l)¥’t)t)7
[)0 Constant-dose group: 5 ttgz‘kg body weight 011cc daily

I)ose«escztlation group: 5 ttgfkg for seven days followed by E0 itgi'k‘g body weight, both periods once daily
Mode ol’administration: s rdministmtion into :1 filter! skin fold ot‘lhc abdominal wall on a line between umbiiicus
and the anterior st: )erior i inc 5 mm
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DURATIO

l-‘l C()ll"\.t.ll1\=C C4] ,

REFERENCE 'II'IERAI’Y, DOSE AND MODE OF ADMINISTRATION. BA'ICIII NUMBER

"lest product: Placebo (liraglntide vchicle) solution l5 ml, I’enlillX fitt’lt‘it‘lgc, Batch No; 11.09005
.if)oscs' Calculated number of clicks to match the S or it) itgfkg doses,
Mode. ofadministration: sc administration into a lifted skin {old of the abdominal wall on 21 line between utnbilicus

and the anterior superioriiliac spine
(.'RI1ERIA IOR EVA}U AlION — l’II\R.\-‘IACOKINE”IIICS AND PHAR’VI\C.ODYNAMICS

Pliotmacokinctic (PK) variables: Plasma 1c 'cl oi lii‘aglntidc tor 24 hour alter the first dosing (Day 1) and for 72 hours
aftcr the lost dosing (Day M).
I’hannacoclynamic (I’D) variables: Serum insulin and plasma glucose. levels for 24 hours at baseline (Day -l) and
after the last dosing (Day 14). fasting )lasnia cincosc (FPO) from Dav -1 through mat-last-dosinn-day (FLEX?) 3
CRITERIA FOR I‘LV.»\LI§.I\’IEON — SAI’I‘ "Y

Physical examination, body weight. vital signs (blood pressure and pulse rate). ECG, clilticai lttbot’atoty assestsmcnt
(haematology and biochemistry including FI’G). glucose monitoring and adverse events (AE5), vitamins D and Big.
lira lutidc antibodv, caicitonin. ionised caicitnn, iamthvroid hormone (PIPE), urinarv whine, clectroivtc excretion
STAT] S'I’ICAL M E'I'IIOI)S

Ni and I’D endpoints:
PK endpoints (lerited horn .litaglutidc DIOIIICS were C.mm m tum s. and AUCo3.“,_ ., (Day 14); Cami, iiom Day-7 to the
do}. of last dosing day; R36, such as dose-corrected ratio ol AI..IC0_,-.,¢AUCum (Day 14), AUC03,”) (Day! {DIAUCMMI
(Dav 1) CW“ tDav 14 ’C‘mx (Day l): h, 11:2. MRI. CLII? =I)ose/AI.EC‘0.341.(Day 14) and Vmfl? alter last dosing on
I)Zt‘y' 14' Va s(:I=(CI. fl 3 -.
PD evaluation comprised ol the following endpoints:
AI.JC‘.,_,6., (insulin). l6 hours: AUC.,.3,,., (insulin).24 hours; [A ‘ "2-31; (insulin)+AUC.,_6h (insoiitt)+1\l_§C “.13.. (insulin)]:‘
6 hours; incremental Al.lC‘(insulin) (All(31.3“, 4,05. (M 3“); AllC‘wwi, (gltictisc)fl6 hours; AlECugih (glucose)!24 hours;
[All h (glucose)+AIX)...“ (glucoscHAllC,14,3]. (glucoseilfo hours; incremental AI.IC(glucosc) (ALIC71.31,, 4”“, i 1,
23h); FPO.
Pharmacokinctfics: The statistical analvsis for the NC endpoints was based on summary statistics which except for
tum included: N mean. geometric mean. ruin median max SI). geometric C. \"x’a. Ior tnm cult N mean min
median. max. and SI.) were presented. Individual plasma iiraglutidc PK endpoints were listed by active dose and
subject number. i.e. excluding placebo-treated subjects. as an ISnd-of-Text selected listing. All PK endpoints were
presented 11S scatter plots ot‘cndpoint versus dose. The I’K endpoints /\'l.iC.).3,,h. Cum. Cumin Rx. 2.2. MRI and VA???
were transtbrmed using a log translortnation prior to statistical modelling. The remaining I’K endpoints were not
analysed further. The model for the endpoints could be stated as follows: The response for each subject is the sum of
an overall mean a lixed dose. clicct and a random measurement error. An analysis olvtriance lollowin:t the above—
mentioned model was carried out and estimated population means (least square means) for each (lose level with
corresponding 959’a contidcncc mtcn'31s (Cls) were calculated. The Cls 1.01 the loo-transtormed variables itcre
translormed back to get Us on the original data scale. Contrasts on the log scale were calculated using the lowcst
dose as the reference point. corresponding to rates on the original scale.
Pharmacodynamics: “{he statistical analysis for the PI.) endpoints was based on summary statistics, which included:
N mean. geometric. mean, min, median. max, SD. geometric C‘V‘E/o. Individual endpoints were listed by active dose
and subject number as an lintl—oll'l'cxt' selected listing. Furthermore, scatter plots of?!) endpoints {AUCMQJ l 6 hours,
;'\l.l('I.-,.z,ms'24 hours and (AUGmn—i—Al.l('f4.1(h+z’\l.5C7l”5.1)!6 hours for serum insulin and plasma glucose] versus I’K.
endpoint [AUCmm (Inst dosing dzty)] or logarithm ot‘I’D endpoints versus logarithm ol‘ 13K endpoint: were shown for
ali subjects.
The statistical modelling of I’D endpoints except I’l’C'j was ‘imilar to the one described for the PK endpoints. The
endpoints were log tt‘anslormcd prior to the statistical anal »' s and estimation of contrasts with placebo treatment as
reference was made. Model for the I’D endpoints; The response. in each subjcct was the sum of an overall mean. it
fixed dose effect. a fixed group effect, baseline as a covariate and a random error. The corresponding i’D parameters
on Dav —I (baseline) were used as cot-‘ariatcs in tltc statistical analysis. No statistical analysis oII’I’Ci was tcrli‘irmed.

 

 

 

 
 

 

   

 

  

 

 

  

  
  
  

  
  
  
  

  
  
  

  
  
  
  
  
  
  

  

 

  

NDA 22-341 (Liraglutide) OCP Review 234



  
  
  
  
  
  
  
  

  

Safety: Adverse events with a date ofonsel preceding the date ot‘the first administration oi‘stutly drug. that resolved
before that day or that continued into the treatment phase Without wcu'sening in terms of intensity anchor relationship
to study medicatit’tn was considered as non—treatment emergent adverse events (tutti—'I‘ISAE). All other adverse events
were considered and reported as treatment emergent adverse events (HZ/XE).
AdVCX‘Se events were summarised by (lore group. MedDRA (The M edical Dictittmary for Regulatory Activities)
system organ class and preferred term. severity and relation to trial product. and described by summary statistics;
number ol'suhjects with event. percent exposed subjects with event. and number ot‘evcnts. Haematology and
biochemistry data, serum vitamins l.) and Big, urinary electrolytes and volume. ECG. vital signs, body weight and
antibody against liraglutidc were summarised by dose group and visiv’time. and described sunnnary statistics.
Sixteen- and 24-hour average levels derived from 24-hour proliies ofscrnm caleitonin, Caz” and P'i‘l-l were analysed
in the some way as PK and Pl) endaoints.
I'}'IE§VI()GI{API{Y OF TRIAL POPUL:\’I’1()N

Altogether, nine tunic and six female Japanese subjects with type 2 diabetes were ineiuded into the treatment phase of
the study. The following table shows; the descriptive statistics ol’the treated subjects.

  
  
  
  

 
 Descriptive statistics ofthc study population. Mean (SD) 

 
 

  
  
  
  
 

 

  
  
  
 

  
  
  
  
  
  

  
  
  
 

  
 

 

N Age [gears] Height fem] Weight [kg] Body Mass indexikg/mz]
Total 15 57.00 (6.12) 161.5 ( 9.8) 64.23 (10.75) 24.50 (2.87)
Constant dose 6 $7.00 (6.39) 162.“ 7.8) 67.3? ( 8.59) 25.35 (1.57)

Dose escalation 5 54.00 (7.25) 165.4 ( 9.4) 64.00 (12.24) 23.20 (2.57)

Placebo 4 60.75 (1,“) 155.0(11.S) 59.83 (3 3.0?) 24.850158)
Male 9 57.33 (6.36") 167.4 ( 4.2) 69.94 ( 6.44) 24.99 (2.68)
iicmnle 6 56.50 (6.28.) 152.7 ( 9.0)

PHARMACOKI "TICAND PI‘IAR? .ACIODYNAMILI RESUIJ‘S

G In Japanese subjects with type 2 diabetes mellitus, dose escalation to 10 ttgi'kg showed a dose dependent increase
in lirnglutide AUCS and CW‘ values compared with the constant 5 itgfkg group.

0 Ahsoiption rate, as indi titted by a 1mm of?) — l2 hours. and elimination rate with a ll; ot‘around {4 hours closely
resembled previous PK results.

0 The accumulatirm ratios Day 1451321}! 1 for ABC and Cum of approximately 1.6 to 1.8 were consistent with
elimination kinetics and did not xltow relevant differences between the two liraglutide treatment groups. "l‘lirec
dose-corrected accumulation ratios (Rm). AUCMM; . UngJlx. w. AUC‘OMLSJA.UC‘;J.3.HL;)H§«x and Cum fis/Cumgyw 1,
were comparable in the two liraglutide treatment groups.

0 l..irag1utide plasma concentrations generally showed a long plateau phase with small within—individnal changes
between at least eight and 16 hours post»tit'>se.

- For both liraglntide treatment groups a decrease in H’G concentrations from baseline during the 14 days of
treatment was found, which seemed different from that in placebo group.

0 In hoth liraglutide treatment groups, the. postprandial plasma glucose curve was generally shifted one hour eariicr
after l4wday treatment. cmnpared to baseline and placebo group.

0 'l‘hrec average plasma giucose level endpoints, {\{.ECQ_§6[|;16$ Al.§Cu_:.,h324 and AllC”_5..§.b.n.15hy’6 (corresponding to
after brcaklhsl. lunch and dinner), in the two liraglntidc treatment groups were statistically significantly lower than
the placebo group. while no significant ditt‘crenee was observed in the incremental AUG.

0 Three average serum insulin level endpoints. AUCmuif16. AllCamiM and AUG3.3.4.6-”.131016 were statistically
significantly higher in the dose-escalz‘nion group. hut not in the constant-dose group compared with placebo group.

n The incremental A1,.3th.33,v.,_{,p “45;. for serum insulin in the. dosevcsealation group was approximately twice to three
times as hinh as in the constant-dose Qt'etl , though statistically significant results were not found.

55.6? (10.5l)
 

  
 23.7? (3.24)
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SAFETY RE

. Overall Six A s were reported by four subjects during the study. with three ol'ihcse six Alis as ' EA ” occurring
in three subjects in the active treatment groups: one (constipation) in the constant-dose group and two (constipation
and a skin dcpigmentalion in the face) in the dosc~cscalation group. The skin dcpigmentation in the face was
considered unlikely related to liragluttde. The two constipations were considered related to treatment with
lit‘aglutide. These symptoms were hoth oftnild severity and lasted For approximately one and three days,
respectively. in both cases magnesium oxide was given as rescue treatment. No serious A13 occurred; none oft'hc
sultjects \ terc withdrawn due to an Ali.

’ No vomiting or nautzezt was reported either in the constant-dose group or in dow-mcalution group.
0 Except for reduced total cholesterol and PPG CUtlL‘Gi’llI‘lei()t}S, both treatment rcgitt‘tens showed no changes in

routine lahot‘atoty parameters ol‘hacinmology and biochemistry from baseline to post-last-dosing day l (Pl..l.')l) l').
v Total cholesterol levels were reduced by approximately 20% on PLDD 1 from the baseline in both liraglutide

treatment groups. which seems to he cliti'et'cttt train the change. in the placebo group. l-lowevcr, there were no
differences between the two iiraghttide treatment groups.

0 There was no apparent influence of liragluiide on 881’ and DB'P during the 14-day treatment in both dose
regimens; however, the pulse rate was elevated in the higher dose period with It) ttgikg (Second week) compared
with the lawn“ dose (first week) in dose-escalation group,

0 Normal ECG findings were recorded for all subjects at each assessment after screening.
o Body weight was generally reduced during. 14-day treatment period in both in the two liraglutidc treatment groups

and the placebo group. No clear differences were seen among the treatment groups.
0 "there were no significant differences in either serum calcitonitt or ionised calcium, While there was a tendency

towards a lowering in the liraglutidc ti'catiticttt groups for Pill. there was not statistically significant difference
between treatments for both AllCmafiio and AUCmnaf'Zd. A borderline significant treatment effect was found for
AUCM ’24, carried by the dose-eSealmion group where a significant lower level of PTH was seen.

a Vitamins I) and BB showed normal values from Day -l to PLDD 1 for all subjects in all treatment groups. No
differences between the two liraghttide treatment groups and placebo group were observed.

0 A tendency towards a minor increase in urinary volume was seen in the two liraghttide treatment groups while
urinary volume wr Slightly dccreaxed in placeho group. No clinically significant changes in urinary calcium and
pht‘mphortts excretion were observed.
None. ol‘the subjects (lcvclt) )L‘d liraeluiide

CONCLUSIONS

0 Overall. 14—day treatment of iiragiutide at doses 015 and lo ttgflkg was safe and well tolerated in Japanese type 2
diabetic subjects.

04 No vomiting or nausea were reported in the dose titration design with the initiaf low dose of 5 itgkg and a weekly
increment 01‘5 ttgikg. in subjects with type 2 diabetes.

- The only calcium related finding that was observed in this study was a tendency towards a lowering in I’ll-l levels.
However. this was not accompanied by changes in calciun‘t or phosphorous excretion in the urine, or consistent
changes in ioniscd calcium levels. suggesting limited significance ofthc finding.

0 Dose escalation from 5 to ll) ttgr'kg showed a dose dependent increase in liraghttidc Al le and Cam values. A tum
01‘9 — 12 hours and a rm of around 14 hours closely t‘csetithlcd previous PK results.

t The accun‘tulation ratios Day MIDay l for AUC and Cum ofapproxititately [.6 to 1.8 were consistent with
elimination kinetics and did not Show relevant differences between the two dose groups. The. three dose—corrected
accumulation ratios (Ric) were comparable in the two liraglutide treatment groups.

. The long plateau concentrations with small withiii-individual changes at least between eight and to hours post-
dose may supportive for evening dosing. in order to achieve more prominent reduction on meal—induced
increases in glucose concentrations during the main meal times.

0 Liraglutide provided Significant 24-hour glycaentie control and a decrease in liil’tii, The postprandial plasma
glucose curve \ Ins generally shitted one hour earlier alter l4~day treatment. Average mcalwrclttted glucose level
was decreased. though meal-related increment in glucose was not different from placebo.

0 Liraglutide significantly increased 24-hour serum insulin in dose- tscttlation group. Meal-related insulin secretion
also increased. thoueh the difference was not statistically sieniticant from )lacebo.

 
 

  

 

 

 

 

  
 

antibodies.

  

  
  
  
  
  
  
  
  
  
  
  

  
  
  

  

 

 

NDA 22-341 (Llraglutide) OCP Review 236
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Summary of PK Parameters Day 14:
   

 

 

fitrmneter . “Statistics Constant—dose group (N41) WISE-escalation group (Ne—“5)
(mm 1. Median 9.0 12.1)
i 12] Minimal x

Cum.“ Arid}. mean 61 1.3.3 13203.4

[pmolil..} SI.) . 1062.9 4438.3

Cmugh my? Arid}. mean 3618.? 4085.4
ipinoli’L} SD 1 1 13.2 820.1)

Cmgh my H Arid). mean 3636.8 8190.0
[plm‘yUL'I SD 561 . l I 71 (1.2
AUCmmSS Arid}. mean 1 19024.8 2373462

{la'pmoli’u SD 26978.2 63093.7
AUCng Arilh. mean [88838.8 3940038

[11-pnwlf1. '1 SD ' 44434.5 10022 1.4
(1;; (Liemn. mean 13.92 14.44

[11} CV94» 1 1.45 12.88
MRT Arid}. mean 25.67 27.78

{11] SD 1 .97 4.1 .1
CLI‘F Arid). mean 0.923 0.682

[1,111] $1?) 0.341 0.353
Vite/F Arid). mean 18.95 14.65

11...] SD 7.35 7.98
AUCMM..JAUCMW 5‘, Arid}. mean 1.58? 1.670

SD 0.074 0,169

AUCWm “/AUCMHL Day] Arilh. mean 1.777 1 .798
SD 0.521 0.409

C,.,a\-AJC,,,9X.D%}., Arid). mean 1.573 1.698
SD 0.360 (1,274 

Sponsor’s Summary of findings:

Cmax, ss and AUCO-24h, 55 values of liraglutide exposure on Day 14 dose-proportionally

increased with an increase of dose from 5 ug/kg to 10 pig/kg. All observed values of Cmax, ss in

the dose-escalation group were‘higher than those in the constant-dose group. Median tmax, $5 of
9 hours in the 5 ug/kg constant-dose group was achieved 3 hours earlier than in the 10 ug/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 HbAlc from baseline is achieved by week 12 (Figure I), 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 coursevof change from baseline in HbAlc from the 52-week Phase 3
confirmatory trial (1573)

0-0 *\ Trial 1573

1
f3 01

I
.3 OLSMeansforChangeinHbAtc(%)  
 

6&4sémaueaxaaxxaaaanmnmaae
Weeks

mLiragiutide 1.2 mg W Liragiuiide 1.8 mg eérfiAetive 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
HbAlc reduction.

Figure 2. Dose dependent increase in effectiveness of liraglutide based on

Mean(iSE) %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

0 Phase 2 12-week Data (1310)

Phase 2 14-week Data (1571)

5 9 Phase 3 12-week Data (1573)

"/0ChangefromBaselineinHbA1c 
~02 0 0.2. 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Liragiutide Dose_(mg)

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

versus mean liraglutide C,,A,,,,g/, of each quartile range versus mean liraglutide Caverage concentrations

(Phase 2) . ofeach quartile range (Phase 3)
ExposurewResponse (%Chan9e {mm Baseline in HbA‘tc Data Week 14) EXPOSWE-Reswflstel'ficmwfl "om Baseline in “WC 0313 Week 52)
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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 EC50 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% Cl 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 TimeCourse of Calcitonin in Study 1573
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[Egg 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 Safetypdf]

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

//
/

O}

.3:
I

Changefrombaseline Calcitonin(rig/L) ON
I
N

I
h

100 390 500 700 900

Liraglutide AUCss (nmol*hrlL)

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 exposuredecreases 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 weight160 kg the expected Cavg is 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 HbAlc) suggests that maximum effect is achieved at or

above 7.nmol/L liraglutide concentration (which is the lowest limit of 2nd 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 race-is 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.

NDA 22—341 Page 6 of 22

Liraglutide_pm__review_Final.doc
NDA 22-341 (Liraglutide) OCP Review



1.3 Label Statements

Labeling statements to be removed are shown in red—strileethrough—fent and suggested

labeling to be included is shown in underline blue font.

Proposed Text:

m4;

 
2 PERTINENT REGULATORY BACKGROUND

The sponsor, Novo Nordisk, submitted an original NDA on May 23, 2008 for liraglutide,

a GLP—l analog intended for treatment as an adjunct therapy to diet and exercise to

improve glycemic control in subjects with type 2 diabetes mellitus. Liraglutide is

developed for once—daily administration as:

0 Monotherapy

0 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'1 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 Vd/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.

0 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.
\\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
BM] 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 ofweight normalization of
dose could be a reasonable approach ofdiscerning efi’ect ofadditional covariates, it does

not permit the estimation of efi‘ect size of body weight per se. Sponsors used 6 digit
numerical ID in the input data and NONMEM rounds of 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 aflected by this
issue. However, thefollowing were noted:

(I) The available data only allowed reasonable estimation ofclearance (CL/F) as most of
the data were collected at or around trough (Time after Dose = 24h) and not around the
INCL“

(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 ofavailable data as stated above, though sponsor mentioned that it could

be due to misspecification ofabsorption rate constant (Ka). In this reviewer ’s opinion,
the other reason is that sponsor ’s assumption ofno 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 Q24 h dosing. (For
each ofthe visit when a sample was collected, the system was reset using E VID=4 in the
datasetforcing no relationship ofthe observations to the previous event in a subject).

Considering that the sponsor’s themselves acknowledge this limitation andfocused their
conclusions around CL and the factors aflecting the CL of liraglutide, this issue is not
investigatedfurther and is accepted as a limitation ofthe 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

pharrnacokinetics 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:

0 To determine the influence of weight and other covariates on liraglutide PK.

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 NN1129-157l Liragpdr.csv

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 so. 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

(a) Observed versus population predicted (black (b) Observed versus Individual predicted

dots) [trend line ( ) and line of unity (me-9] (black dots) [trend line ( ) and line of unity

ewe]
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(c) Weighted residual versus population ((1) Weighted residual versus time after last

predicted (black dots) [trend line ( ) and dose (black dots) [trend line( )and reference
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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)  

(a) Clearance increases with body weight (b) Clearance differ between females and

i males
3 .
a In. E to.
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(c) Clearance does not appear to differ ((1) Body weight distribution is not'

between Others and blacks symmetrical between females and males

 
 

Bodyweight(Kg) DifferenceinClearance
 OTHER BLACK
  

RACE  

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=I=(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 byrace.
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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 meaningfiil considering the concentration—response relationship of liraglutide
(Figure 31)). 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- M +ERR(1),
EC50+LIRA

Where, E0 is FPG when liraglutide concentration is 0, EMAX is the maximum proportional

change in FPG from E0, ECso is the concentration eliciting 50% of the EMAX, 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 E0 was

11.9 mmol/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 EC50 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 EMAX (RSE 128% on wZEMAx) and EC50 (RSE 178% on 0021360), 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 EC50 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)

ExposurehResponse (%Change from Baseline in F96 Data Week 14)

4 5
+%CFB F PG

~— Liraglutide Quarlile Range

'20 W Liraglutide (0.65 mg)
-—- Liraglutide (1.25 mg)

”25 ——- Liraglutide (1.9 mg)

%ChangefromBaselinePPG 
0 10 20 30 40 50 ' 60

Liraglutide Concentration (amok/L)

The graphical assessment of E0, EMAx and EC50 versus covariates (WT, BMI, AGE,
BASE) only revealed E0 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 HbAlc 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
(HbAlc) 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 likelihood

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_Lirag1utide\Datasets
population PK analysis

Nonmemformatsas Reviewer’s SAS code for dataset NDA22341_Liraglutide\Datasets
preparation .

Newfinalv4.csv Reviewer’s NONMEM data set for NDA2234l_Liraglutide\Datasets
population PK analysis

Newfinalv5.csv Reviewer’s NONMEM data set for NDA22341_Liraglutide\Datasets
graphical exposure-response assessment .
with baseline, change from baseline and
%change from baseline in HbAlc at
week 52 information added to

 

 

  

newfinalv4

Lirag1.ct1 and Reviewer’s NONMEM base model code NDA22341_Liraglutide\Controlstream
Lirag2.ct1 for population PK analysis

Lirag3.ctl Reviewer’s NONMEM model code for NDA22341_Liraglutide\ControIstream
population PK analysis with WT as
covariate on CL

 
 

Lirag4.ctl* Reviewer’s NONMEM model code for \IDA22341“Liraglutide\Controlstream

(Final model)
population PK analysis with WT and
GENDER as covariate on CL

Lirag5.ctl Reviewer’s NONMEM model code for \IDA22341_Liraglutide\Controlstream
population PK analysis with WT,
GENDER and RACE as covariate on CL

Lirag6.ctl Reviewer’s NONMEM model code for \IDA22341_Liraglutide\Controlstream
population PK analysis with WT and
RACE as covariate on CL

 
 
 

 
  

 

 

 
 

 
 

 
 

 

 

 

  
 

Lirag7.ctl . Reviewer’s NONMEM model code for \IDA22341_Liraglutide\Controlstream
population PK analysis with WT and
GENDER as covariate on CL (same as
Lirag4.ct1) with response data included

in the output for plotting purpose

NONMEM output files generated by NDA22341_Liraglutide\0utput
Wings for NONMEM for respective
Control stream files

 

 

liraN.ssc S-plus script used to generate plot NDA22341_Lirag1utide\Plots

(N=1 to 7)

Plotslirangdf S-plus generated plots NDA22341_Liraglutide\Plots

  

(N=1 to 7)  

Lirapdr.csv Reviewer’s Additional PD analysis NDA2234l_Liraglutide\Additiona1
datset, controlstream, output, s-plusPD dataset ”reared
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using JMP), script and plot files, respectively

lirapd.ct1,

Liragpddf,
Liragpdssc

Liragpd.pdf
  

NDA 22-341 Page 19 01°22
Liraglutide_pm_review_Final.doc .

NDA 22—341 (Liraglutide) OCP Review



5.2 Exploratory PK/PD Plots from Phase 2 Trial 1571
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 (d) Dose—dependent increase in effectiveness

of liraglutide (%CFB in HbAlc)
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(e) Dose—dependent increase in liraglutide (f) FPG versus time [observed (0) and model
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5.3 Calcitonin time course in Trial 1572

Mean Time-Course of Calcitonin in Study 1572

1.8 mg Liraglutide — - —- 12mg Liraglutide — - -- 0.6mg Liraglutide,
— -- Glimepiride --~-- Placebo

 
.1x
c)
r:

.5"c;
o
.t
2a
Q

 

40

Time, Weeks

 
 

[m 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 Safetypdt]
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Submission in Brief:

Sponsor, Novo Nordisk has submitted the new drug application (NDA) 22-341 for liraglutide.

Liraglutide (Arg34Lys26—(N-s—(y—Glu (N—a—hexadecanoyl)))-GLP-l[7-37]), a new molecular

entity, is once-daily human GLP-l 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 Pharmacology Trials Therapeutic Exploratory Trials Ongoing Trials
(Single—dose trials) (Intermediate—19111} trials)

6, I??? 2299
' zicn

15??. extension

1X10 and 1703 {Japanese phase 5a trials)
352381332430? {obesity} ezgteusi

Heal: » ’ asbjectr: .E’uig'em with $339»? '2 diabetes:
1149,1323, 1328‘“, 1329*, 331, 1310, 5'31, 1-399, 3333, 30?!
1636, 1693, 1693, 1629, U45, _ _ > , a 1- .
145.; {ptilnmnary}, Jspanzsz Jizqtecr: was: ope .’ mailer *5:
awnings (intranasal) ”34v - ' r — " r"‘
Sub '26er with n: . 2 airbags: “W“dmwm! “mfg “‘Q’e"‘*"
131-; 122$. 26;): ‘ warm—:30? {mm m}

Japanese hmltfz)‘ subjects:
1326
 
 

Clinical Pharmacology Trials Therapeutic Confimmtm‘y Trials
(Short—term trials) (Long—term m'als)

Healthy 53239,: ’5: Subjects with 33.353 2’ diabetes:
1139*, 1330, 16%, 16334 1573 (3"! wk: + extension) #

1512 (‘0 "Pk“ + emension) 5‘5
Salinger: with ope 3 dial; are. : 1435 (35 .0;

 

133; 1339, 1698- 1574 (2,5 as' Q‘? ‘3 - _- ‘ ‘x.

Japaiigse irealrlzymbjecfz: 15’ I L6 “Ls?£3351 and 1594

 Japanassmfiocts with 13,93 2
diabetes:
159‘1
 

Total: 32 Isiah Echoing ongoing trials (i.ec trial: where final stasistical analyses were not fret available)
*iirzlndeé 5, 3 and 1 subjects with type 2 diabetes, respectively
#Two repon‘s are available for each of Trials 1573 and 1.5 T3; one covering all data from the double-band mam pm ofthe trials and one
covering all data from double—blind and own-label exzensz'on period mail 3:1 feb 2803. The lame: reports only describe subjects who
entered the open-label extension part of the. 31311.

Figure 1—1 Grouping of Liraglutide Clinical Trials

The clinical pharmacology program included 26 clinical pharmacology trials. These comprised:

0 19 trials in healthy subjects (including bioequivalence trials, trials in elderly subjects,

subjects with renal or hepatic impairment and Japanese subjects),

0 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—1 8 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.

20001}

16088

12000

80591.1‘mgleéideeonc.{pmoiiL}
4098 

O .ir?‘ - ' " .. . ~ _ .
{i 8 ' 16 24 32 40 48

Time shite dosing (hours)

Dose {ugfkg‘}: ”*4“? _ 1.2.? "H” 2.50 “‘5‘“ 2.913 EH” 10.00
““3 12.30 "WW 13.00 "W” 11231:? 'W' 20.00

Bile-an Plasma Lil'aglutide Profiles following Single-dose Administration in

Healthy 51ij ects — 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 ofliraglutide after a single s.c. dose (10 ug/kg). Furthermore, at a

s.c. dose of 7.5 jig/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 5 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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Information Information
NDA Number 22-341 Victoza® Pro-osed

Medical DlVISlon DMEP

OCP ReVIewer Manoj Khurana, Ph.D. Indication(s) An adjunct therapy to diet and
exercise to improve glycemic control
in sub'ects with -e 2 diabetes. 
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OCP Division (1,11, 111, DCP 11 Liraglutide
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OCPB Team Leader Sali Choe Ph.D. Dosin- Re-imen Once Dail

Administration

OCP Review

PDUFA Due Date March 23, 2009 Priority
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—Division Due Date —
Clin. Pharm. and Biopharm. Information

“X” if Number of Number of

9

STUDY TYPE —

studies studies
submitted reviewed

Table of Contents present X
and sufficient to locate

reports, tables, data, etc.
Tabular Listing of All
Human Studies

Labefing
Reference Bioanalytical and
Analytical Methods
l. Clinical Pharmacology '- .-

lsozyme characterization:
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NN2211-1699'
NN205145, NN206480,
NN206665, NN207147,
NN207312

 

 
  

Blood/plasma ratio:

Plasma protein binding:

Pharmacokinetics (e.g.,
Phase I) -

, .

single dose: NN2211-1149 (Dose Escalation)

_ NN2211—1326 (PKPD in healthyJaoanese Sub'ects

NN2211-1694, 1551, 1591

(PKPD in healthy Japanese
Sub‘ects

———
smile dose:—_-NN2211-1219, 2063, 1224
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II. Biopharmaceutics
Absolute bioavailability:
Relative bioavailabilit -

solution as reference:

X NN2211—1149

x NN2211-1745' (Comparing
different sites of in'ection

—
IIIIIIIIIIII

—
_
IIIIIIIIIIII
IIIIIIflIIIIII
IIIIIIIIIIII
—
IIIIIIIIIII

NN2211-1464 (Pulmonary)
NN2211-1898 Intranasal

IIIIIIIIIIIII

Xalternate formulation as
reference:

Bioequivalence studies -
traditional design; single/

multi dose:
NN2211-1331',1636',1692',
1693”

X

NN2211-1591 (PKPD in TZDM
Japanese Sub'ects '

IIlnflaafliifliiflflflaflflllllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
fasting/non-fasting single NN2211-1189

dose:

dose:

Drug-drug interaction
—_—-_

dru:

NN203029

IliflflflifliflflfiiflEiifliiilllIIIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
IIIIIIIIIIIIIIIlfiHflEflfllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
IIIIIIIIIIIIIIIIIIlflEflHEiIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
IlllllllllllllaiflaflflfilIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

included 3 subjects with type 2

diabetes 1 .

included 5 subjects with type 2
diabetes

IIIEEIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIllliilillllllIIIIIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIII

, 1698*, 2063”

Phase 3: — —
IllfllflflilllllllllllllllIIIIIIIIIIIIIIlilililllllll lIIIIIIIIIIIIIIIIIIIIIIIIII

conce t:

IIIIIIIIHHEEEI!§MMEHIHEHIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIII
IIliflfllflafiafllflflaflfiiiilllllZif'f?“‘fiu::r IIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
IIIIIIIIIIIIIIIlDaflifiiflllIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
IIIIIIIIIIIIIIIIDEEHEEafliilIIIIIIIKIIIIIIIIIIIIIIIIIIII IflHM22flfllflEiiillllllllllllllllll

IIIIIIIIIIIIIIIIIIIIIIIIIIIII
IIIIIIIIIIIIIIIIIIIIIIII
IIIIIIIIIIIIIIIIIIIIIIII
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IIIIIIIIIIIIIIIIIIEIIII
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studies:

|IIlliiifllfliiflllllllllllll
nnvc:

Bio-wavier request based
on BCS

BCS class

 

    
Page 2 of 14



Ill. Other CPB Studies

Genotype/phenotype
studies:

_

Chronopharmacokinetics —

—

 

 
 

   

Pediatric development
plan

Literature References

Total Number of Studies _

Filability

—_ Comments
X ,Application filable'? Comments to the Sponsor: Please submit the following datasets to

support the population analysis conducted under NN2211-1573:
o 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.-ln 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
reort a descriotion of the clinical ac olication of modelino results.

Submission in Brief: Reviewer’s Comments:

W 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
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Submission in Brief:

Sponsor, Novo Nordisk has submitted the new drug application (NDA) 22-341 for liraglutide.

Liraglutide (Arg34Ly326-(N-5—(y-Glu (N-a-hexadecanoy1)))—GLP-1[7—37]), a new molecular

entity, is once—daily human GLP-l 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:

 

 
 
 

 

   

Therapeutic Exploratory Trials Ongoing Trials
(Intermediate—{elm trials)

. Clinical Pharmacology Triais
(Single—dose trials)

1796, 139?, 1799
15753 extezzzion
1572 extremism

Japemrzrg moist-r: with {tips 2 diabetes: flat"), and 170% {1513331395 132355? 3'3 31315)
1334 NNSORZ—BO? {obesrty} exteuamn

Healthy artifacts:
1149, 132?, 1328*, 132

flufgiects with {We '2 diabetes:
i310, 15?1,1499,§333, 20?? 1u;in,1,

1636, 1692, 1693, 1699, 1'33,
146% (pulmonary),
NNQBSS-l 398 (intranesal)

Abra-diabetic, obese mfijecrs:
E‘sNSBZE-ESM {minus ext}Sirbjzm with {we 2 diabetes:

1219, 1324?. 2053

Javanese? healthy minke-rs:
1 326  
 

Clinical Pharmacology Trials Therapeutic Confirmatm)’ Tm‘ah
(Short-term Vials) {Long-term {rials}

Subjects with ripe z draw:
15? 52 vrlzs + extension) is

" 3-6 oilcs + extension) 7r
,lé W125}

'. 4 (2st”: wks)

1139”. 1330, 16. , 164-1
 

 Subject: win: type 2 {mils-ms:
1331, 1569, 1693 u5

(is '2 (2-13 risks}
Japanese fzéalzir}: irrigf'ecfiz:
1551 and 1694

 Japanese snipers: with {51:22. 2
«Smilax:
1391
 

Total: 38 trials exclmEéQg ongoing trials {i.e. trials where final statistic-a1 anal-«3&5 were not yet available)
*iuci‘oded 5, 3 and 4 gubject; with type 2 draberes, razpecéively
#Two reports are availahle for each of Trials 13.?3 and 153?; one oowriug ail data from the double-blind main part of the trials and one
covering all dam from double—Mum and open—label extension period until 21 Feb 2%68. The latter {epom only deficribe subject: who
entered the open-label Eflmfilflfi pan of {he {rial

Figure 1—1 Grouping of Liraglutide Clinical Trials

The clinical pharmacology program 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),

0 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 (,1 0-1 8 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.

EGGSCW [J\
g 1506:: r‘ __

E _
52;? 12am

"5:3 896:}

N

5:; was

0 j _ . _ _________ _ ~ _______ . .. -- ~
{3 8 16 24 32 4t} 48

Time since. dosing (hams)

Dose. {ugfkg‘}: “W 1.2.“? “W"? 2.50 M“)? 3.00 EH” 10.00
W 12.50 W 15.00 31.3.3, 17.50 ‘M 20.30

31:19:11}. Plasma Liraglutide Profiles folimfing SingIe-dose Administration in

Healthy Subjects — Trim 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 ug/kg). Furthermore, at a

s.c. dose of 7.5 ug/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

Page 5 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.

APPEARS THES my
0N omsmAL
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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.



44 Page(s) Withheld

Trade Secret / Confidential (b4)

\/ Draft Labeling (b4)

Draft Labeling (b5)

Deliberative Process (b5)

Withheld Track Number: Other Reviews- 1 



This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature. ‘

SAMUEL M SKARIAH

1 0/26/2009



Department of Health and Human Services

Public Health Service
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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 prefilledpen

Application Type/Number: IND: 061040
NDA: 022341

Applicant/sponsor: Novo Nordisk, Inc.

OSE RCM #2 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

11(4)
The Applicant originally submitted labels and labeling and working samples of '-—~.——————

_ _ . DMEPA 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 1 1, 2009 (see Appendix A for images):

0 Retail Pen Labels (‘0.6/12/18 mg’)

0 Retail Carton Labeling (‘0.6/1 .2/1 .8 mg’)

0 Pen Labels for Physician Samples (‘0.6/1.2/l .8 mg’)

0 Carton Labeling for Physician Samples (‘0.6/1 .2/1 .8 mg’)

0 Medication Guide and Patient Instructions for Use (no image)

0 Prescribing Information (no image)

0 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 DlVlSION

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 ‘SL’ (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 of0.6 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.

6. Relocate the statement in Section 16, ‘How Supplied/Storage Handling” which reads, ‘Each

Victoza pen isfor use by a single patient. A Victoza pen should never be shared between
patients even ifthe 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)

0 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)

0 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.

b.’

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.

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.

b.

Begin section entitled, ‘Delivering the Dose’, with the first sentence reading, ‘Use injection

technique shown by your healthcare professional’.

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’.

. Revise the instruction, ‘Unscrew the needle’ to explain to patients/caregivers how to safely
unscrew the needle.

. 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 is 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-l) with 97% amino

acid homology to human GLP-l, 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 ofmedullary 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 ifpatients exposed to liraglutide have increased frequencies ofmedullary
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 ofEpidemiology for review. A synopsis of the study and a critique follow in

the text below. Inbrief, 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:

0 the contractor and staff are not identified and experience performing
similar studies are not provided;

0 nonparticipation of cancer registries, patients, and physicians could

seriously limit sample size and missing reports of MTC associated with

liraglutide exposure would underestimate risk;

0 difficulty may be encountered in detecting and interpreting changes in

MTC national background incidence;

0 identifying deceased patients and obtaining exposure information from

proxies may be problematic;

o absence of controls could lead to difficulty interpreting results;

0 data collected may not be representative of MTC cases; and

0 no commitment is made to publish the results.

The protocol should acknowledge these problems 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

may
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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 ofosteosarcoma, according to clinicians at the University of
Texas MD. 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-l. 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 ofMetabolic and Endocrine Drug Products (DMEP). Concern exists about a
potential safety problem because of an increase in C—cell tumors ofthe 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 ofmedullary 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 ofmedullary thyroid cancer (MTC) and to establish a registry of incident MTC
cases in adults in the US. 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 ofMTC that occur in the US and describe the characteristics

ofthose 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
fl after the approval of liraglutide. The protocol states that there are two

objectives:

0 To systematically monitor the annual incidence ofMTC in the US.

through the North American Association of Central Cancer Registries
(NAACCR) to identify any possible increase related to the introduction of
liraglutide into the US market

0 To establish a registry of incident cases ofMTC in adults in the US 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~-

 

 

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.

M4}
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NAACCR monitors the annual incidence rates ofvarious 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, 3rd edition '
(ICD—O—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 ofpatients 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 staffwho 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 thepatient (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 ofRET

proto-oncogene testing, comorbid conditions (type 2 diabetes mellitus, previous history

of cancer), diabetes medication exposures (including liraglutide and other GLP-l

agonists) with dose and duration ofuse, 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 fiom

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. If the
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 ofdata
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 ofpatients 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 ofparticipating 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 ofMEN syndromes or familial MTC history).
For patients with diabetes, liraglutide exposure will be characterized by dose and duration
prior to the diagnosis ofMTC.

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 by a
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 staffnot identified and previous experience with similar studies not
provided

The protocol used “P“ 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 ‘5
, 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 703 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 MD. 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 ofMTC per year and meet the NAACCR standards for data collection and

timeliness will be invited to participate It also stated that1n 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

M4)



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 ofpatients

This study and its objectives will be significantly compromised if there is poor

enrollment/participation ofpatients. 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 ofpatient 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 ofphysicians

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. Ifphysicians 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 ofMTC 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
ofMTC 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 ofMTC t0 the cancer

registry. '

8) Detection of double counting ofpatients

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 ofpatients.

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. Ifpossible, the proportion ofpatients 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 ofproxies to obtain data and probability ofmissing 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 ofproxies 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 (”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 postrnarketing studies to determine ifpatients 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 alter liraglutide marketing, M4}
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 exposed 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 ofcancer, 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 thyroidcancer.

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-l. 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 pharrnacokinetic 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.] 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:

0 thyroid cancer

Secondary outcomes include:

0 serious hypoglycemia that results in medical care

- pancreatitis



0 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

- 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 ofDiseases, 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% ofthe 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, 218 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 approval in the US. 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 ineluding 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 afier 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% (I). 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 ofDiseases (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 US. 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 ofthyroid 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 ofthe findings



Since i3 Aperio uses data from the Ingenix National Health Informatics (NHI) database

of medical claims from mostly employed individuals who are generally 5 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 ofan 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 Nationl 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 218 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'fi'om 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, 1 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 US, 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 ofpatients 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 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.

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.
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EganA/BishaiJ/MahoneyKh/I/JoffeH/ColmanE/ParksM/DMEP

WrightM/WysowskiD/ZornbegG/VegaA/IyasuS/DEPI/OSE
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