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Note to readers: 

• At the time of compilation of this review the trade name is not finalized. Therefore it is 
referred to as “Trade®” throughout the review 

• Throughout this review, treatments are designated as follows: 
• “L+M,” “lina+met,” and “linagliptin+metformin”: used interchangeably to represent 

any dosage of the free combination therapy with linagliptin and metformin 
• “L/M,” “lina/met,” and “linagliptin/metformin”: only used for the single-tablet 

(fixed-dose) combination formulation  
 
1 Executive Summary 

Boehringer Ingelheim Pharmaceuticals, Inc. (hereafter BI/the sponsor) is seeking an approval of 
Trade®;Linagliptin (L) + Metformin  hydrochloride (M) (hereafter L/M) film-coated fixed-dose 
combination (FDC) tablets for the treatment of type 2 diabetes mellitus (T2DM). The proposed 
indication for L/M is “an adjunct to diet and exercise to improve glycemic control in adults with 
T2DM when treatment with linagliptin and metformin is appropriate”. The active pharmaceutical 
ingredients in L/M drug product are linagliptin, a dipeptidyl peptidase (DPP4) inhibitor, and 
metformin HCl, a widely prescribed oral antidiabetic.  

The proposed FDC will be available as three dosage strength immediate-release tablets:  

• 2.5 mg Linagliptin / 500 mg Metformin HCl, 

• 2.5 mg Linagliptin / 850 mg Metformin HCl, and 

• 2.5 mg Linagliptin / 1000 mg Metformin HCl 

The proposed recommended daily dose of Trade® is one tablet taken twice daily (BID). 

Since both active ingredients are approved in the US for use in T2DM, this application is 
submitted by the sponsor as a 505(b)(2) NDA. The sponsor has referenced pertinent information 
from approved US prescribing information for Tradjenta® (linagliptin; NDA 201280) and 
Glucophage® (metformin hydrochloride; NDA 20-357).  

1.1 Recommendation 

The Office of Clinical Pharmacology/Division of Clinical Pharmacology 2 (OCP/DCP-2) has 
reviewed the NDA 201281 for Trade®. The clinical pharmacology information submitted under 
this NDA is acceptable and supports a recommendation of approval of Trade®.  

1.2 Phase IV Commitments 

None. 

1.3 Summary of Important Clinical Pharmacology Findings 

The efficacy and safety of the concomitant use of linagliptin and metformin has been reviewed in 
the NDA 201280 for Tradjenta  (Linagliptin).  The Trade® clinical development program is 
composed of 13 clinical studies: 6 Phase I studies (one of these, 1218.4, was conducted as part of 
the development of linagliptin as monotherapy), one Phase 2 study (also part of the monotherapy 
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development program), and 6 Phase 3 studies, 2 of which were long-term extensions. At the time 
of this NDA submission, 10 of these studies were completed; for the 3 ongoing studies (1218.20, 
1218.40, and 1218.52) results of the planned interim analyses were included. Study 1218.57, 
which was conducted to show bioequivalence between the European sourced Glucophage  (used 
in Pivotal Phase 3 Study 1218.46) and US Glucophage® reference products, was also conducted 
as part of the development of the fixed-dose combination for linagliptin and metformin. Clinical 
Pharmacology review of the information submitted by the sponsor, in support of their application, 
revealed the following important findings: 

Dose -Response for HbA1c (Efficacy)/safety:
• Dose-response relationship demonstrated additional reduction in HbA1c with co-

administration of 2.5 mg linagliptin and metformin 500 mg BID or 1000 mg BID over 
linagliptin 5 mg QD, metformin 500 mg and metformin 1000 mg BID monotherapy in a 
24-week therapy (Trial 1218.46) (Figure. 1). 

• The linagliptin 2.5 mg/metformin 1000 mg provided numerically higher reduction in 
HbA1c over the  linagliptin 2.5 mg/metformin 500 mg BID dose in a 24-week therapy 
(Trial 1218.46) 

• 5 mg dose was more likely to achieve >80% inhibition of DPP-4 at steady state compared 
to 2.5 mg dose.  

• Overall, the percentages of patients with adverse events (AEs) were comparable between 
treatment groups, ranging from 49.0% in the Lina 2.5 + Met 500 group to 56.6% in the 
Lina 2.5 + Met 1000 group. 

Figure 1 Combination treatment provides numerically higher HbA1c reduction versus 
the linagliptin and metformin given as monotherapy in the 24-week Phase 3 
confirmatory trial (1218.46) 
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General ADME:  

Linagliptin:  The linagliptin pharmacokinetic profile from Trade® was similar to that observed 
with the administration of linagliptin alone.  

Metformin:  The metformin pharmacokinetic profile from Trade® was similar to that observed 
with the administration of metformin alone.   

Intrinsic Factors (Body weight, Age, BMI, Gender, Race, Genetics etc.) Affecting Exposure: 
None of the covariates are known to affect either linagliptin or metformin pharmacokinetics and 
no dose adjustments are proposed based on these in the individual product labels.    Therefore, no 
dose adjustments are warranted for Trade® based on any of these covariates.  

Specific Populations

Elderly patients: In the elderly, Trade® should be carefully titrated to establish the minimum 
dose for adequate glycemic effect and should be based on the age-appropriate upper limit of 
creatinine clearance as aging can be associated with reduced renal function. Before initiation of 
therapy with Trade® and at least annually thereafter, renal function should be assessed. 

Renal Impairment: Effect of renal impairment on linagliptin and metformin PK from Trade® 
was not specifically evaluated. While no dose adjustment is recommended for linagliptin in 
patients with renal impairment, risk of metformin accumulation and lactic acidosis increases with 
the degree of impairment of renal function. Thus, in accordance with the current labeling 
recommendations for metformin, patients with renal impairment (e.g., serum creatinine >1.5 
mg/dL [males] or >1.4 mg/dL [females], or abnormal creatinine clearance) should not receive 
Trade®. In patients in whom development of renal dysfunction is anticipated, including elderly 
patients, renal function should be assessed more frequently and Trade® discontinued if evidence 
of renal impairment is present.  
 
Hepatic Impairment: Effect of hepatic impairment was not evaluated specifically for Trade®. 
While no dose adjustment of linagliptin is recommended in patients with hepatic impairment, 
impaired hepatic function has been associated with cases of lactic acidosis with metformin 
therapy as impaired hepatic function may significantly limit the ability to clear lactate. Therefore, 
Trade® use should generally be avoided in patients with clinical or laboratory evidence of hepatic 
disease. 

Extrinsic Factors:
Food Effect: Food lowered the peak exposure of metformin from the Trade® formulation by 
18% and from a clinical pharmacology perspective Trade® could be taken with or without food. 
However, considering that metformin is administered with food to improve the gastrointestinal 
tolerability, the Trade® is indicated to be administered with food. 

PK Comparison of Intended Commercial vs. Phase 3 Formulations:
Bioequivalence was demonstrated between intended commercial FDC formulation and co-
administration of Phase 3 individual tablet formulations for Linagliptin 2.5/Metformin 500 mg 
and Linagliptin 2.5/Metformin 1000 mg FDC. Bioequivalence was demonstrated between 
intended commercial FDC formulation and co-administration of individual tablet formulations for 
Linagliptin 2.5/Metformin 850 mg, and also between the EU sourced Glucophage  formulation 
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(used in the pivotal Phase 3 trial and all BE studies) and the US approved Glucophage  
formulation.  

Figure 2 Trade® fixed-dose combination formulation is bioequivalent to co-
administration of individual components for linagliptin and metformin.  

Bioanalytical Methodology:
For the clinical pharmacology assessments, linagliptin and metformin were quantitated in plasma 
using validated HPLC-MS/MS assay methods.  The assay methods were validated for analyzing 
these 2 analytes in plasma samples in terms of range, accuracy, precision and sensitivity.  The 
changes to the analytical sites or procedures were adequately supported by partial/cross validation 
of methods whenever necessary. 
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2 Question Based Review 

2.1 General Attributes 

BI is seeking the approval of combination product Trade® (Linagliptin and Metformin HCl FDC) 
Immediate-Release Tablets, for the treatment of type 2 diabetes mellitus (T2DM). Linagliptin 
(Figure 3a) is an approved DPP-4 inhibitor and metformin (Figure 3b) is an approved biguanide, 
both are indicated for the treatment of type 2 diabetes mellitus. Trade® is indicated as an adjunct 
to diet and exercise to improve glycemic control in adults with T2DM when treatment with both 
linagliptin and metformin is appropriate. 

Since both active ingredients are approved in the US for T2DM, sponsor submitted a 505(b)(2) 
NDA, and referenced pertinent information from approved US prescribing information for 
Tradjenta® (linagliptin; NDA 201280 approved 05/02/2011) and Glucophage® (metformin 
hydrochloride; NDA 20-357).   

The chemical structures of linagliptin and metformin are illustrated in Figure 3 below: 

Figure 3 Chemical Structures of Linagliptin and Metformin. 

(a) Linagliptin (b) Metformin hydrochloride 

 

 

Linagliptin is an orally-active inhibitor of the dipeptidyl peptidase-4 (DPP-4) enzyme which 
rapidly degrades incretin hormones glucagon-like peptide-1 (GLP-1) and glucose-dependent 
insulinotropic polypeptide (GIP). Both incretin hormones are involved in the physiological 
regulation of glucose homeostasis. Linagliptin binds in a reversible manner selectively to DPP-4 
and exhibits a >10,000-fold selectivity versus DPP-8 or DPP-9 activity. 

Metformin is a biguanide that works by increasing insulin sensitivity and decreasing hepatic 
glucose production. 

Sponsor’s intent of combining linagliptin with metformin hydrochloride is based on convenience 
for patients.  The combination would allow decreasing the number of tablets to be taken by the 
patient and improve patient compliance with medication.  

The sponsor has supported the Trade® application with clinical pharmacology studies, which 
compare intended commercial drug product formulations with the Phase 3 individual 
formulations, evaluate food effect, and DDI between linagliptin and metformin. 

2.1.1 What are the proposed dosage regimens for Trade®? 

The proposed Trade® tablet is a film-coated, immediate-release,  tablet containing the 
two drugs and excipients. Trade® is available as three dosage strength tablets:  
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2.2 General Clinical Pharmacology 

2.2.1 What are the known genral clinical pharmacology characteristics of linagliptin and 
metformin after oral administration, in the context of current application? 
The detailed clinical pharmacology information can be found in the prescribing information for 
the approved linagliptin and metformin products. The key aspects are mentioned below: 
Linagliptin: 

• Follows non-linear PK for doses ranging from 1 mg to 600 mg. Increases in exposures 
were less than dose proportional for the dose range of 1 mg to 10 mg, more than dose 
proportional for the dose range of 25 mg to 100 mg, and almost dose proportional for the 
dose range of 100 mg to 600 mg. The non-linearity in dose range of 1 to 10 mg and long 
half-life of linagliptin (i.e., >100 hours) may partially be explained by concentration 
dependent binding to dipeptidyl peptidase-4 (DPP-4). At concentrations of 1 nM, almost 
99% of drug remains bound to DPP-4, which reduced to 70-80% at concentrations of 
about 100 nM. 

• The accumulation half-life of linagliptin ranges from 8-12 hours. 
• The majority of drug is eliminated unchanged in feces (~85%) and a minor proportion 

appears in urine (~4.5%). Metabolism is a minor pathway of elimination for linagliptin. 
However, linagliptin appears to undergo enterohepatic re-circulation. 

• The predominant metabolite, CD1790 (formed by CYP3A4 isoform), is therapeutically 
inactive. 

• Co-administration with high-fat meal reduced linagliptin rate of absorption (i.e., Cmax) 
by ~15 to 25% but had no effect on AUC. These changes were not considered clinically 
relevant. 

• The extent of DPP-4 inhibition increased with increases in linagliptin doses from 1 to 10 
mg. Average steady-state DPP-4 inhibitions at 24 hours after the last dose were 62.5%, 
76.9%, 85%, and 89.4% for 1 mg, 2.5 mg, 5 mg, and 10 mg dose groups, respectively. 

Metformin (Glucophage®): 
• Metformin is an antihyperglycemic agent which improves glucose tolerance in patients 

with type 2 diabetes, lowering both basal and postprandial plasma glucose. Metformin 
decreases hepatic glucose production, decreases intestinal absorption of glucose, and 
improves insulin sensitivity by increasing peripheral glucose uptake and utilization. 

• The absolute bioavailability of a Glucophage® 500 mg tablet given under fasting 
conditions is approximately 50% to 60%. Studies using single oral doses of 
Glucophage® 500 mg to 1500 mg, and 850 mg to 2550 mg, indicate that there is a lack 
of dose proportionality with increasing doses, which is due to decreased absorption rather 
than an alteration in elimination. 

• Food decreases the extent of and slightly delays the absorption of metformin, as shown 
by approximately a 40% lower mean peak plasma concentration (Cmax), a 25% lower 
area under the plasma concentration versus time curve (AUC), and a 35-minute 
prolongation of time to peak plasma concentration (Tmax) following administration of a 
single 850 mg tablet of metformin with food, compared to the same tablet strength 
administered fasting. The clinical relevance of these decreases is unknown. 

• The apparent volume of distribution (V/F) of metformin following single oral doses of 
Glucophage® 850 mg averaged 654 ± 358 L. Metformin is negligibly bound to plasma 
proteins. Metformin partitions into erythrocytes, most likely as a function of time. At 
usual clinical doses and dosing schedules of Glucophage®, steady state plasma 
concentrations of metformin are reached within 24 to 48 hours and are generally <1000 
ng/mL. 

Reference ID: 3027133



N201281 QBR_final.doc 12

• Intravenous single-dose studies in normal subjects demonstrate that metformin is 
excreted unchanged in the urine and does not undergo hepatic metabolism (no 
metabolites have been identified in humans) or biliary excretion. Renal clearance is 
approximately 3.5 times greater than creatinine clearance, which indicates that tubular 
secretion is the major route of metformin elimination. Following oral administration, 
approximately 90% of the absorbed drug is eliminated via the renal route within the first 
24 hours, with a plasma elimination half-life of approximately 6.2 hours. In blood, the 
elimination half-life is approximately 17.6 hours, suggesting that the erythrocyte mass 
may be a compartment of distribution.1 

2.2.2 What are the PK characteristics of linagliptin and metformin from Trade® 
formulation after oral administration and how do they compare to the Phase 3 individual 
tablet formulations? 

A representative mean plasma concentration time profiles of linagliptin and metformin from one 
of the BE studies (1288.1), comparing Trade® formulation (single oral dose of Lina 2.5/Met 
1000 mg FDC) versus single co-administration of Lina 2.5 mg and Met 1000 mg IR 
(Glucophage®) formulations, are presented in Figure 4 below. 

On average, the systemic exposures of both linagliptin and metformin from Lina 2.5/Met 1000 
mg FDC were comparable to that observed from co-administration of individual Lina 2.5 mg and 
Met 1000 mg IR formulations used in Phase 3 trial.   

Figure 4 Mean plasma concentration time profile of linagliptin and metformin after 
single oral dose of Lina 2.5 /Met 1000 mg FDC tablet (red dashed line) versus 
single co-administration of Lina 2.5 mg and Met 1000 mg IR formulations (blue 
solid line) under fasted state 

 

                                                     
1 Glucophage® prescribing information, NDA 20357.
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increasing exposure and reached a plateau at exposures greater than approximately 100 nM*h (2).  
The PKPD study shows that both 2.5 mg BID and 5 mg QD result in steady-state AUC0-24h well 
above this value (Fig. 6b), and thus can be reasonably expected to result in similar HbA1c 
response. 

Figure 6 Linagliptin exposure-response for efficacy support the use of 2.5 mg BID 
under fixed-dose regimen with metformin 

(a)(3)

(b)

 

                                                     
2 Dr. Lokesh Jain’s Clinical Pharmacology Review of NDA 201280 in DAARTS dated 03/09/2011
3 Figure 13: Exposure-Response Relationship Based on Simulated Exposures for Phase 2 trials 1218.5 
& 1218.6 from Dr. Lokesh Jain’s Clinical Pharmacology Review in DAARTS dated 03/09/2011)
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2.2.4 What are the characteristics of the Trade® exposure-response relationship (dose-
response, concentration-response) for HbA1c reduction (efficacy) in T2DM patients? 
 
The efficacy and safety of co-administration of linagliptin with metformin has been reviewed in 
the original NDA, where linagliptin 5 mg use as an add-on therapy to metformin was evaluated in 
the T2DM patient population. A single, well-controlled Phase 3 Trial 1218.46 was conducted to 
support the linagliptin / metformin FDC tablets. In this trial single entity tablets linagliptin (2.5 
mg and 5 mg tablets) and metformin (Glucophage® 500 and 1000 mg – EU commercial tablets) 
and the corresponding placebo formulations were used. Therein the efficacy/safety of therapeutic 
mechanisms was evaluated for the lower dose strength of L 2.5 + M 500 mg and the higher dose 
strength of L 2.5 + M 1000 mg. 

The change from baseline in HbA1c versus time profile in pivotal Phase 3 trial 1218.46 is 
presented by treatment in Fig. 7 below.  Trial 1218.46 tested two doses of the combination 
therapy (L 2.5+M 500 mg and L 2.5+M 1000 mg both BID) and the monotherapy with placebo, 
M 500 mg, M 1000 mg as BID and L 5 mg QD.  The trial results show that the maximal mean 
reduction in HbA1c from baseline is achieved after week 20 in both low (L 2.5+M 500 mg) and 
high dose (L 2.5+M 1000 mg) treatment arms.  These two treatment arms differed in the total 
daily metformin dose; 1000 mg versus 2000 mg, while receiving same total daily dose of 
linagliptin 5 mg.  

Figure 7 Time course of change in HbA1c from baseline in the 24-week Phase 3 
confirmatory trial (1218.46) 

The dose-change in HbA1c relationship at week 24 from this trial shows that Trade® treatment 
(combination use) is associated with a dose dependent reduction in HbA1c from baseline among 
Lina 2.5 mg + Met 500 mg and Lina 2.5 mg + Met 1000 mg treatment arms, which is numerically 
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greater in comparison to the reduction observed with Lina 5 mg QD, Met 500 BID and Met 1000 
mg BID alone arms (Figure 8). 
 
These results adequately support the proposed dosing regimen for the Trade® in T2DM 
population. 

Figure 8 Combination of Linagliptin and Metformin results in additive reduction in 
HbA1c versus monotherapy based on Mean(±SE) change from baseline in HbA1c at week 
24 (Phase 3 trial 1218.46) 

 

2.2.5 What are the characteristics of the exposure-response relationship (dose-response, 
concentration-response) for safety with regards to hypoglycemic adverse reactions in T2DM 
patients when linagliptin and metformin are co-administered? 
 
The safety results for the linagliptin 2.5 mg BID was evaluated in the factorial design trial.  
Overall, the percentages of patients with AEs were comparable between treatment groups, 
ranging from 49.0% in the Lina 2.5 + Met 500 group to 56.6% in the Lina 2.5 + Met 1000 group. 
Patients with adverse events were most frequently reported in the system organ classes (SOCs) 
gastrointestinal disorders (ranging from 9.7% to 19.6%), infections and infestations (ranging from 
16.3% to 23.1%), metabolism and nutrition disorders (ranging from 4.9% to 16.7%), and nervous 
system disorders (ranging from 3.4% to 13.9%).Within gastrointestinal disorders, the percentage 
of patients with AEs was lowest in the met 500 group (9.7%) and highest in the Lina 2.5 + Met 
1000 group (19.6%) compared to the remaining treatment groups, which had comparable 

L= Linagliptin 
M= Metformin 
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percentages of patients with gastrointestinal AEs (ranging from 12.0% to 15.6%). On the 
preferred term level, diarrhea was reported most frequently in all treatment groups, with the 
highest frequency reported in the Lina 2.5 + Met 1000 group (7.7%).

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 safety 
responses? 
The effects of various intrinsic factors (e.g., hepatic, renal, gender, elderly) were provided in the 
original NDA for each drug. Please see Clinical Pharmacology reviews for NDA 201280 (for 
Linagliptin, Tradjenta®) and NDA 20-357 (for Glucophage®). Based on the approved label 
information for the lingagliptin and metformin, no dose adjustments are recommended for any of 
the intrinsic factors including weight, gender, race, renal or hepatic impairment. However, since 
renal function could decrease with age, the Trade® is proposed to be used in elderly (age > 65) 
only after assessing and ensuring that the renal function is normal. Periodic assessment of renal 
function is recommended annually. This approach is acceptable from a clinical pharmacology 
perspective. 
 
2.3.2 Does the renal function affect linagliptin and metformin pharmacokinetics from 
Trade®? 
Effect of renal impairment on linagliptin and metformin PK from Trade® was not specifically 
evaluated. Based on the approved Tradjenta® label, no dose adjustment is recommended for 
linagliptin in patients with renal impairment. However, based on the approved Glucophage® 
label, risk of metformin accumulation and lactic acidosis increases with the degree of impairment 
of renal function. Thus, sponsor proposed that patients with renal impairment (e.g., serum 
creatinine >1.5 mg/dL [males] or >1.4 mg/dL [females], or abnormal creatinine clearance) should 
not receive Trade®. In the elderly, Trade® should be carefully titrated to establish the minimum 
dose for adequate glycemic effect and should be based on the age-appropriate upper limit of 
creatinine clearance as aging can be associated with reduced renal function. Before initiation of 
therapy with Trade® and at least annually thereafter, renal function should be assessed. In 
patients in whom development of renal dysfunction is anticipated, particularly in elderly patients, 
renal function should be assessed more frequently and Trade® discontinued if evidence of renal 
impairment is present. Sponsor’s proposal is acceptable. 

2.3.3 Does the hepatic function affect linagliptin and metformin pharmacokinetics from 
Trade®? 

Effect of hepatic impairment was not evaluated specifically for Trade®. Based on the approved 
Tradjenta® label, no dose adjustment of linagliptin is necessary in patients with hepatic 
impairment. However, based on the approved Glucophage® label, impaired hepatic function has 
been associated with cases of lactic acidosis with metformin therapy. As impaired hepatic 
function may significantly limit the ability to clear lactate, the label recommends that 
Glucophage® use should generally be avoided in patients with clinical or laboratory evidence of 
hepatic disease. Therefore, the sponsor proposed that Trade® tablets should generally be avoided 
in patients with clinical or laboratory evidence of hepatic disease. Sponsor’s proposal is 
acceptable. 
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2.4.2 Drug-Drug Interactions (DDIs)  

2.4.2.1 What is the CYP inhibition potential of linagliptin and metformin? 

Linagliptin is a weak to moderate inhibitor of CYP isozyme CYP3A4, but does not inhibit other 
CYP isozymes and is not an inducer of CYP isozymes, including CYP1A2, 2A6, 2B6, 2C8, 2C9, 
2C19, 2D6, 2E1, and 4A11. Linagliptin is a P-gp substrate, and inhibits P-gp mediated transport 
of digoxin with low potency. 
For metformin, sponsor investigated the in vitro inhibition of cytochrome P450-catalysed test 
reactions by metformin hydrochloride in human liver microsomes. The extent of inhibition of 
metformin hydrochloride was assessed at concentrations of 0.1, 1, 10 and 100 M. The following 
13 test reactions were used as selective markers of the enzymatic activity of a single or two 
closely related cytochrome P450 isoenzymes that are relevant for drug metabolism in humans: 

o phenacetin O-deethylation test for cytochrome P450 1A1 and 1A2 
o coumarin 7-hydroxylation test for cytochrome P450 2A6 
o bupropion hydroxylation test for cytochrome P450 2B6 
o amodiaquine N-deethylation test for cytochrome P450 2C8 
o diclofenac 4'-hydroxylation test for cytochrome P450 2C9 
o flurbiprofen 4'-hydroxylation test for cytochrome P450 2C9 
o S-mephenytoin 4'-hydroxylation test for cytochrome P450 2C19 
o dextromethorphan O-deethylation test for cytochrome P450 2D6 
o lauric acid 11-hydroxylation test for cytochrome P450 2E1 
o nifedipine oxidation test for cytochrome P450 3A4 
o testosterone 6 -hydroxylation test for cytochrome P450 3A4 
o midazolam 1'-hydroxylation test for cytochrome P450 3A4 
o lauric acid 12-hydroxylation test for cytochrome P450 4A11 

 
The test substrates were incubated with human liver microsomes in the presence of -
nicotinamide adenine dinucleotide phosphate, reduced form (NADPH) and the formation of the 
respective metabolites was quantified using sensitive and selective analytical techniques. 
Metformin hydrochloride was added to the incubation experiments and its effect on the formation 
of the respective metabolites was evaluated. 
The results showed that: 

• No pronounced inhibition of the various test reactions by metformin hydrochloride was 
observed (IC50 values >100 μM).  

• There was no indication of a mechanism-based inhibition of CYP 3A4 by metformin 
hydrochloride.  

Therefore, metabolic drug-drug interactions, based on inhibition of CYP enzymes by metformin 
hydrochloride, with other drugs that are substrates of CYP enzymes are unlikely to occur. 
 
2.4.2.3 What is the mutual effect of co-administration of linagliptin and metformin on the 
pharmacokinetics of both drugs? 

The dedicated DDI study was reviewed under NDA 201280 (see clinical Pharmacology review 
dated 03/08/2011 in DAARTS). In brief, co-administration of multiple daily doses of linagliptin 
10 mg (supratherapeutic) with metformin (850 mg 3 times daily), an organic cationic transporter 
(OCT) substrate, did not meaningfully alter the pharmacokinetics of either linagliptin or 
metformin in healthy volunteers.  
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2.4.2.2 What is the effect of Trade® co-administration on the pharmacokinetics of other 
drugs?
Pharmacokinetic drug interaction studies with Trade® have not been performed; however, such 
studies have been conducted with the individual components of Trade® (linagliptin and 
metformin HCL) and have been reviewed in the respective NDAs.  However, the application of 
results of DDI evaluation observed independently for the individual components to the Trade® 
use is summarized below in Table 6: 
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2.5 General Biopharmaceutics 

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

A single, well-controlled Phase 3 Trial 1218.46 was conducted to support the linagliptin / 
metformin FDC tablets. In this trial single entity tablets linagliptin (2.5 mg and 5 mg tablets) and 
metformin (Glucophage® 500 and 1000 mg – EU commercial tablets) and the corresponding 
placebo formulations were used. Therein the efficacy/safety of therapeutic mechanisms was 
evaluated for the lower dose strength of Lina 2.5+Met 500 mg and the higher dose strength of 
Lina 2.5 +Met 1000 mg, bracketing the intermediate dose strength of Lina 2.5+Met 850 mg.  
 
Bioequivalence of the single entity tablets used in the Phase 3 Trial 1218.46 compared to the 
fixed dose combination tablets that are to be marketed was evaluated in two bioequivalence 
studies. Study 1288.2 evaluated bioequivalence of the lowest FDC dose strength (Lina 2.5/Met 
500 mg) to the respective single entity tablets, and Study 1288.1 evaluated bioequivalence of the 
proposed highest FDC dose strength (Lina 2.5/Met 1000 mg) to the respective single entity 
tablets. In addition, Study 1288.3 evaluated bioequivalence of the single entity tablets and the 
intermediate FDC dose strength (Lina 2.5/Met 850 mg). The bioequivalence of the European 
commercial metformin innovator product, which was used in the pivotal Phase 3 Study 1218.46, 
compared to the US commercial metformin innovator product was evaluated in Study 1218.57 at 
dose strengths of 500 and 1000 mg. Summary of various bioequivalence assessments carried out 
for Trade® formulation is presented in Figure 10. As shown, both linagliptin and metformin 
components from the FDC were bioequivalent to the individual drugs administered together.  

Figure 10 Summary of BE evaluations conducted for the formulations utilized during 
clinical development including the intended commercial formulation 

Linagliptin has nonlinear pharmacokinetics with less than proportional increase in exposure over 
the dose range of 1 to 10 mg. During the developmental stage sponsor was advised to evaluate the 
BE using the dose-scale method as secondary analysis. Sponsor, however, conducted traditional 
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BE analysis and supported it with the rational that the AUC is more appropriate measure than the 
bioavailable dose (predicted by the model). Though they did conduct dose scale assessment, 
using the power model derived from a Phase 1 single rising dose PK study conducted under 
linagliptin NDA. Sponsor’s modeling results show that back-calculation from the exposure level 
to the dose level leads to larger relative differences on the dose level. The analysis showed that 
the AUC range following 4 mg (80% of 5 mg) and 6.25 mg (125% of 5 mg) corresponds to 
87.9% and 113.8%, respectively, of AUC following 5 mg linagliptin. Similarly, the Cmax range 
following 4 mg and 6.25 mg linagliptin corresponds to 85.9% and 116.5%, respectively, of Cmax 
following 5 mg. On the other hand, 80% and 125% of AUC following 5 mg corresponds to the 
dose range of 3.40 mg (68.0% of 5 mg) and 7.36 mg (147.1% of 5 mg), respectively. Similarly, 
80% and 125% of Cmax following 5 mg corresponds to the dose range of 3.61 mg (72.1% of 5 
mg) and 6.93 mg (138.6% of 5 mg), respectively. 

In this reviewer’s own analysis, the sponsor’s power model estimates (both Cmax and AUC) 
were utilized to back calculate the dose level from the observed Cmax and AUC values for the 
three BE trials. The predicted dose for test and reference treatments were compared using the 
traditional BE analysis in SAS.  The results of bioequivalence assessments based on the predicted 
dose for the BE trials is presented in Figure 11. The results of this analysis further support the BE 
claim from the conventional analysis (Figure 10). 

Figure 11 Summary of BE evaluations conducted using the predicted dose for the 
intended commercial formulation 

 

Based on the results of statistical analyses of the PK parameters it can be concluded that: 

Both Lina 2.5 mg/Met 500 mg and Lina 2.5 mg/Met 1000 mg FDC formulations 
demonstrate bioequivalence to the co-administered individual components used in the 
Phase 3 trial. 
Lina 2.5 mg/Met 850 mg FDC formulation demonstrate bioequivalence to the co-
administered individual components.  
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1. Analysis of Linagliptin in Human Plasma 
An HPLC-MS/MS method for the quantification of linagliptin was developed and validated for 
the human biological matrix plasma to support the clinical linagliptin / metformin combination 
development program. Initially the assay was developed at BI for linagliptin only and 
afterwards modified for a simultaneous determination of linagliptin and its metabolite CD 
1790. The assay for the simultaneous quantification of linagliptin and its main metabolite 
CD 1790 was transferred to  and cross validated. In the BI and 

 methods, samples were extracted by solid phase extraction and analyzed on a 
reversed phase column in gradient mode with MS/MS detection. Concentration ranges 
were from 0.529 to 529 nmol/L and from 0.100 to 1000 nmol/L for linagliptin. A 
calibration range in plasma from 0.100 to 20.0 nmol/L for linagliptin better reflected the 
anticipated drug concentrations of the therapeutic 5 mg linagliptin dose, was also 
successfully revalidated during clinical Trial 1218.31. Depending on the method, 
different amounts of plasma (linagliptin only method: plasma 50 L, linagliptin/CD 1790 
method: plasma 150 L) were aliquoted and [13C3]-linagliptin was added as internal 
standard. Samples were extracted by solid-phase extraction on mixed-mode 96-well 
plates. Extracts were chromatographed on an analytical reversed phase column in 
gradient mode. For the quantification of linagliptin and its internal standard, the precursor 
to product transitions of m/z = 473  420 and m/z = 476  423 were monitored. 
Linagliptin proved to be stable in human plasma under all conditions tested, e.g., 
throughout 3 freeze-thaw cycles, for at least 24 hours at room temperature and for at least 
13 months (416 days in plasma) in the freezer, which covered the maximum storage time 
of plasma samples from clinical studies. 
2. Analysis of Metformin in Human Plasma 

An HPLC-MS/MS method for the quantification of metformin was developed and validated for 
the human biological matrix plasma to support the clinical linagliptin / metformin combination 
development program. The assay was validated at . In brief, samples were 
extracted by solid phase extraction and analyzed on a reversed phase column in gradient mode 
with MS/MS detection. Concentration ranges were from 5.00 to 2500 ng/mL. 50 L plasma was 
aliquoted and [D6] metformin was added as internal standard. Samples were extracted by solid-
phase extraction on mixed-mode 96-well plates. Extracts were chromatographed on an analytical 
reversed phase column in gradient mode. For the quantification of metformin and its internal 
standard, the precursor to product transitions of m/z = 130  71 and m/z = 136  77 were 
monitored. 
Metformin was found to be stable in human plasma under all conditions tested, e.g.,  throughout 3 
freeze-thaw cycles, for at least 4 hours at room temperature and for at least 6 months (201 days in 
plasma) in the freezer, which covered the maximum storage time of plasma samples from clinical 
studies. 
3. Mutual Interference in Linagliptin and Metformin Assay in Human Plasma 

Sponsor also tested the interference of metformin on the ion trace of linagliptin and the 
interference of linagliptin on the ion trace of metformin. The selectivity of the analytical method 
of metformin against linagliptin was demonstrated during Study 1218.4. This selectivity test was 
performed by testing for metformin using blank plasma samples spiked with 21.2 nmol/L 
linagliptin. The selectivity of the analytical method of linagliptin against metformin was 
demonstrated during Study 1218.47. This selectivity test was performed by testing for linagliptin 
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using blank plasma samples spiked at 2000 ng/mL with metformin. No mutual interference was 
observed during the quantiation of linagliptin and metformin assays. 

These results indicated that the intra-day and inter-day precision and accuracy were satisfactory 
for determination of linagliptin and metformin in human plasma and the methods were adequately 
validated. The analytical ranges for these analytes (including the dilution factors) used were 
sufficient to cover the observed concentrations in the clinical studies. 

An overview of the performance of various assays is presented below in Table 8: 
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4.2 Individual Study Reviews 

[Note: For the individual study reviews for BE and the food effect study, the results are based on 
reviewer’s PK analysis of data. The sponsor used AUC0-inf, predicted (pre-specified end point in 
the statistical analysis plan) instead of AUC0-inf, observed (recommended in the FDA Guidance 
document for Bioequivalence Assessment) for metformin. The reviewer’s analysis focused on both 
AUC0-t and AUC0-inf, observed for the total exposure part]  

4.2.1  BE Study (1218.1) 
This study was a pivotal BE study comparing the intended commercial FDC formulation 
containing 2.5 mg linagliptin and 1000 mg metformin in a film coated, immediate release tablet 
to the co-administration of individual formulations used in the Phase 3 trial. 
 
The study design is as follows: 

Title:  Bioequivalence of a 2.5 mg linagliptin / 1000 mg metformin fixed-dose 
combination tablet compared with single linagliptin 2.5 mg and metformin 
1000 mg tablets administered together in healthy male and female 
volunteers (an open-label, randomized, single dose, two-way crossover, 
Phase I trial) 

Objectives: Primary: To demonstrate bioequivalence of a 2.5 mg linagliptin/1000 mg 
metformin fixed-dose combination (FDC) tablet compared with single 
tablets of linagliptin 2.5 mg and metformin 1000 mg administered 
together. 

Study Design Study was conducted as an open-label, randomized, single-dose, 2-way 
crossover design. The 2 study treatments (A and B) were as follows: 
 
A = Linagliptin 2.5 mg/Metformin 1000 mg FDC Tablet (Test) 
B = One Linagliptin 2.5 mg  + One Glucophage® 1000 mg Tablet 
(Reference) 
 
Following a fast of at least 10 hours, subjects received a single oral dose of 
study drug on Day 1 of each treatment period. The 2 treatments were 
separated by a washout period of at least 35 days. 

Study Population N= 96 Healthy subjects,  Gender: 62 M and 34F, Age: 35 (18-54) yr, BMI: 
24 (19-30) kg/m2 
 

Investigational
Products:

 
 

 
Sampling: Blood Blood samples for determination of linagliptin and metformin plasma 
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concentrations were measured at the following times for each treatment 
period: 15 minutes pre-dose (0 hour), and at 0.33, 0.66, 1, 1.5, 2, 3, 4, 6, 8, 
11, 12, 24, 34, 48, and 72 hours post-dose. 
Linagliptin accumulation half-life (t1/2) is approximately 8-12 hr, 
metformin has a t1/2 of approximately 6 hr; thus, a 72-h plasma 
concentration versus time profiling appears to be adequate for both 
analytes.  

Urine none 
Feces none 
PK Assessments AUC0-72 (linagliptin), AUC0-t, AUC%extrapolated, AUC0-∞, Cmax, 

Tmax, Kel, t1/2 
Primary endpoints: AUC0-72 and Cmax for linagliptin; 

AUC0-  and Cmax for metformin 
Safety Assessment Vital signs, ECG , Clinical laboratory, AEs 
PD Assessment None 

 
Protocol Deviations: Subject 11 was excluded from the per-protocol set for evaluation of 
bioequivalence (PPS-BE; see Section 11.1) because of vomiting after single tablets 
treatment, which occurred before 2-times median tmax (3h). Subject 89 was excluded 
from the PPS-BE due to intake of the forbidden antibiotic azithromycin (daily dose of 
500 mg) as late as 96 h prior to the second treatment period (single tablets). Azithromycin 
has a half-life of about 70 h and is known to inhibit P-gp, a major determinant of 
linagliptin kinetics. 
 
Subject Disposition and Data Sets Analyzed: 
No. of subjects planned: 96 
Actual who entered: 96 
Treatment A (FDC tablet): Treated: 96, analyzed (for primary endpoints): 96 
Treatment B (single tablets): Treated: 95, analyzed (for primary endpoints): 93. 

Bioanalytical Results: 
Linagliptin : The calibration curve of undiluted plasma samples was linear 
over the range of concentrations from 0.100 to 20.0 nmol/L for BI 1356 BS. The 
performance summary of analytical method during sample analysis is presented below: 

Metformin : The analytical procedure in human plasma was shown to be 
linear from 5.00 to 2500 ng/mL (weighting factor 1/x) using 50 L of sample for 
metformin. The performance summary of analytical method during sample analysis is 
presented below: 

Reference ID: 3027133

(b) (4)

(b) (4)



N201281 QBR_final.doc 55

 

Pharmacokinetic Results: 
The mean concentration-time profiles of linagliptin and metformin by treatment are shown in 
Figure below: 

 
The distribution of PK parameters by treatment for linagliptin and metformin is summarized in 
the figures below: 

Reference ID: 3027133



N201281 QBR_final.doc 56

Linagliptin: 
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Metformin:

 
The AUC% extrapolated was comparable across the two treatments to enable unbiased 
comparison of AUC0-inf for both linagliptin and metformin. Although, for linagliptin AUC0-72 h 
was used as primary parameter as % extrapolated is in excess of 10%. 
 
The geometric mean ratios and 90% CIs from the statistical comparison of PK parameters are 
presented in the following tables. 
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Table 1 Statistical comparison for linagliptin PK parameters  
 

 
t= 72 hr for AUC0-t. 
 
Table 2 Statistical comparison for metformin PK parameters  
 

t= 72 hr for AUC0-t. 

Conclusions: 
The design and conduct of Trial 1288.1 are reasonable from a clinical pharmacology perspective.  
The protocol deviations are handled appropriately. The bioanalytical methods, as reported, 
adequately support the trial results.  The results of the Trial 1288.1 demonstrate that the Lina 
2.5/Met 1000 mg FDC formulation is bioequivalent to single co-administration of Lina 2.5 mg 
and Glucophage® 1000 mg tablets, for both linagliptin and metformin total and peak exposures.   
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4.2.2 BE Study (1218.2) 
This study was a pivotal BE study comparing the intended commercial FDC formulation 
containing 2.5 mg linagliptin and 500 mg metformin in a film coated, immediate release tablet to 
the co-administration of individual formulations used in the Phase 3 trial.      
The study design is as follows: 

Title:  Bioequivalence of a 2.5 mg linagliptin / 500 mg metformin fixed dose 
combination tablet compared with single linagliptin 2.5 mg and metformin 
500 mg tablets administered together in healthy male and female 
volunteers (an open-label, randomized, single dose, two-way crossover, 
Phase I trial) 

Objectives: Primary: To demonstrate bioequivalence of a 2.5 mg linagliptin/500 mg 
metformin fixed-dose combination (FDC) tablet compared with single 
tablets of linagliptin 2.5 mg and metformin 500 mg administered together. 

Study Design Study was conducted as an open-label, randomized, single-dose, 2-way 
crossover design. The 2 study treatments (A and B) were as follows: 
 
A = Linagliptin 2.5 mg/Metformin 500 mg FDC Tablet (Test) 
B = One Linagliptin 2.5 mg  + One Glucophage® 500 mg Tablet 
(Reference) 
 
Following a fast of at least 10 hours, subjects received a single oral dose of 
study drug on Day 1 of each treatment period. The 2 treatments were 
separated by a washout period of at least 35 days. 

Study Population N= 95 Healthy subjects,  Gender: 48 M and 47 F, Age: 36.5 (21-50) yr, 
BMI: 24 (19-30) kg/m2 
 

Investigational
Products:

 

Sampling: Blood Blood samples for determination of linagliptin and metformin plasma 
concentrations were measured at the following times for each treatment 
period: 15 minutes pre-dose (0 hour), and at 0.33, 0.66, 1, 1.5, 2, 3, 4, 6, 8, 
11, 12, 24, 34, 48, and 72 hours post-dose. 
Linagliptin accumulation half-life (t1/2) is approximately 8-12 hr, 
metformin has a t1/2 of approximately 6 hr; thus, a 72-h plasma 
concentration versus time profiling appears to be adequate for both 
analytes.  

Urine none 
Feces none 
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PK Assessments AUC0-72 (linagliptin), AUC0-t, AUC%extrapolated, AUC0-∞, Cmax, 
Tmax, Kel, t1/2 

Primary endpoints: AUC0-72 and Cmax for linagliptin; 
AUC0-  and Cmax for metformin 

Safety Assessment Vital signs, ECG , Clinical laboratory, AEs 
PD Assessment None 

 
Protocol Deviations: There was no important protocol violation in this study and there 
were no other major deviations from the study protocol. 
 
Subject Disposition and Data Sets Analyzed: 
No. of subjects planned: 96 
Actual who entered: 95 
Treatment A (FDC tablet): Treated: 94, analyzed (for primary endpoints): 94 
Treatment B (single tablets): Treated: 95, analyzed (for primary endpoints): 95. 

Bioanalytical Results: 
Linagliptin : The calibration curve of undiluted plasma samples was linear 
over the range of concentrations from 0.100 to 20.0 nmol/L for BI 1356 BS. The 
performance summary of analytical method during sample analysis is presented below: 

Metformin  The analytical procedure in human plasma was shown to be 
linear from 5.00 to 2500 ng/mL (weighting factor 1/x) using 50 L of sample for 
metformin. The performance summary of analytical method during sample analysis is 
presented below: 
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Pharmacokinetic Results: 
The mean concentration-time profiles of linagliptin and metformin by treatment are shown in 
Figure below: 

 
The distribution of PK parameters by treatment for linagliptin and metformin is summarized in 
the figures below: 
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Linagliptin: 

 

Reference ID: 3027133



N201281 QBR_final.doc 63

Metformin:

 
The AUC% extrapolated was comparable across the two treatments to enable unbiased 
comparison of AUC0-inf for both linagliptin and metformin. Although, for linagliptin AUC0-72 h 
was used as primary parameter as % extrapolated is in excess of 10%. 
 
The geometric mean ratios and 90% CIs from the statistical comparison of PK parameters are 
presented in the following tables. 
 

Reference ID: 3027133



N201281 QBR_final.doc 64

Table 1 Statistical comparison for linagliptin PK parameters  

 

 
t= 72 hr for AUC0-t. 
 
Table 2 Statistical comparison for metformin PK parameters  
 

t= 72 hr for AUC0-t. 

Conclusions: 
The design and conduct of Trial 1288.2 are reasonable from a clinical pharmacology perspective.  
The protocol deviations are handled appropriately. The bioanalytical methods, as reported, 
adequately support the trial results.  The results of the Trial 1288.2 demonstrate that the Lina 
2.5/Met 500 mg FDC formulation is bioequivalent to single co-administration of Lina 2.5 mg and 
Glucophage® 500 mg tablets, for both linagliptin and metformin total and peak exposures. 

Reference ID: 3027133



N201281 QBR_final.doc 65

4.2.3 BE Study (1218.3) 
This study was a BE study comparing the intended commercial FDC formulation containing 2.5 
mg linagliptin and 850 mg metformin in a film coated, immediate release tablet to the co-
administration of individual formulations.      
 
The study design is as follows: 

Title:  Bioequivalence of a 2.5 mg linagliptin / 850 mg metformin fixed dose 
combination tablet compared with single linagliptin 2.5 mg and metformin 
850 mg tablets administered together in healthy male and female 
volunteers (an open-label, randomized, single dose, two-way crossover, 
Phase I trial) 

Objectives: Primary: To demonstrate bioequivalence of a 2.5 mg linagliptin/850 mg 
metformin fixed-dose combination (FDC) tablet compared with single 
tablets of linagliptin 2.5 mg and metformin 850 mg administered together. 

Study Design Study was conducted as an open-label, randomized, single-dose, 2-way 
crossover design. The 2 study treatments (A and B) were as follows: 
 
A = Linagliptin 2.5 mg/Metformin 850 mg FDC Tablet (Test) 
B = One Linagliptin 2.5 mg  + One Glucophage® 850 mg Tablet 
(Reference) 
 
Following a fast of at least 10 hours, subjects received a single oral dose of 
study drug on Day 1 of each treatment period. The 2 treatments were 
separated by a washout period of at least 35 days. 

Study Population N= 95 Healthy subjects,  Gender: 42 M and 54 F, Age: 37 (19-55) yr, 
BMI: 24 (19-29) kg/m2 
 

Investigational
Products:

 

 
Sampling: Blood Blood samples for determination of linagliptin and metformin plasma 

concentrations were measured at the following times for each treatment 
period: 15 minutes pre-dose (0 hour), and at 0.33, 0.66, 1, 1.5, 2, 3, 4, 6, 8, 
11, 12, 24, 34, 48, and 72 hours post-dose. 
Linagliptin accumulation half-life (t1/2) is approximately 8-12 hr, 
metformin has a t1/2 of approximately 6 hr; thus, a 72-h plasma 
concentration versus time profiling appears to be adequate for both 
analytes.  

Urine none 
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Feces none 
PK Assessments AUC0-72 (linagliptin), AUC0-t, AUC%extrapolated, AUC0-∞, Cmax, 

Tmax, Kel, t1/2 
Primary endpoints: AUC0-72 and Cmax for linagliptin; 

AUC0-  and Cmax for metformin 
Safety Assessment Vital signs, ECG , Clinical laboratory, AEs 
PD Assessment None 

 
Protocol Deviations: There was 1 important protocol violation in this study. A single linagliptin 
tablet was found in a used glass at the study site. When the bioanalytical results were available, 
the tablet could be assigned to Subject no. 72, as that was the only subject who showed no 
measurable plasma concentrations of linagliptin. The subject was excluded from the BE analysis. 
 
Subject Disposition and Data Sets Analyzed: 
No. of subjects planned: 96 
Actual who entered: 96 
Treatment A (FDC tablet): Treated: 96, analyzed (for primary endpoints): 95 
Treatment B (single tablets): Treated: 96, analyzed (for primary endpoints): 94 
(L)/93(M). 

Bioanalytical Results: 

Linagliptin : The calibration curve of undiluted samples was linear over the 
range of concentrations from 0.100 to 20.0 nmol/L for BI 1356 BS. The performance 
summary of analytical method during sample analysis is presented below: 

Analyte  Label  
Nominal
concentration   Accuracy  Precision  

  [nmol/L]  N (%) RSD (%) 
 LoQC  0.25 70 100 8.3 
BI 1356 BS  MeQC  1 70 101 5.6 
 HiQC  15 69 99.0 3.42 

Metformin  The calibration curve of undiluted samples was linear over the 
range of concentrations from 5 to 2500 ng/mL for metformin. The performance summary 
of analytical method during sample analysis is presented below: 
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Pharmacokinetic Results: 
The mean concentration-time profiles of linagliptin and metformin by treatment are shown in 
Figure below: 

 
 
The distribution of PK parameters by treatment for linagliptin and metformin is summarized in 
the figures below: 
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Linagliptin: 
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Metformin:

 
The AUC% extrapolated was comparable across the two treatments to enable unbiased 
comparison of AUC0-inf for both linagliptin and metformin. Although, for linagliptin AUC0-72 h 
was used as primary parameter as % extrapolated is in excess of 10%. 
 
The geometric mean ratios and 90% CIs from the statistical comparison of PK parameters are 
presented in the following tables. 
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Table 1 Statistical comparison for linagliptin PK parameters  

t= 72 hr for AUC0-t. 
 
Table 2 Statistical comparison for metformin PK parameters  

 
t= 72 hr for AUC0-t. 

Conclusions: 
The design and conduct of Trial 1288.3 are reasonable from a clinical pharmacology perspective.  
The protocol deviations are handled appropriately. The bioanalytical methods, as reported, 
adequately support the trial results.  The results of the Trial 1288.3 demonstrate that the Lina 
2.5/Met 850 mg FDC formulation is bioequivalent to single co-administration of Lina 2.5 mg and 
Glucophage® 850 mg tablets, for both linagliptin and metformin total and peak exposures.  
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4.2.4 BE Study (1288.4) 
This study was a relative BA study to evaluate the effect of food on the pharmacokinetics of 
linagliptin and metformin from the intended commercial FDC formulation containing 2.5 mg 
linagliptin and 1000 mg metformin in a film coated, immediate release tablet.      
 
The study design is as follows: 

Title:  Relative bioavailability of a 2.5 mg lingagliptin+1000 mg metformin fixed 
dose combination tablet administered with and without food to healthy 
male and female subjects in an open, randomized, single-dose, two-way 
crossover Phase 1 trial 

Objectives: Primary: To investigate the effect of food on the relative bioavailability 
of a 2.5 mg linagliptin+1000 mg metformin fixed dose combination (FDC) 
tablet. 

Study Design Study was conducted as an open-label, randomized, single-dose, 2-way 
crossover design. The 2 study treatments (A and B) were as follows: 
 
A = One Linagliptin 2.5 mg/Metformin 1000 mg FDC Tablet, Oral with 
240 mL of water after a high-fat, high caloric meal (Test) 
B = One Linagliptin 2.5 mg/Metformin 1000 mg FDC Tablet, Oral with 
240 mL of water after an overnight fast of at least 10 h (Reference) 
 
The 2 treatments were separated by a washout period of at least 35 
days. 

Study Population N= 32 Healthy subjects,  Gender: 16 M and 16 F, Age: 38 (18-55) yr, 
BMI: 25 (19-29) kg/m2 
 

Investigational
Products:

 
 

Sampling: Blood Blood samples for determination of linagliptin and metformin plasma 
concentrations were measured at the following times for each treatment 
period: 15 minutes pre-dose (0 hour), and at 0.33, 0.66, 1, 1.5, 2, 3, 4, 6, 8, 
11, 12, 24, 34, 48, and 72 hours post-dose. 
Linagliptin accumulation half-life (t1/2) is approximately 8-12 hr, 
metformin has a t1/2 of approximately 6 hr; thus, a 72-h plasma 
concentration versus time profiling appears to be adequate for both 
analytes.  

Urine none 
Feces none 
PK Assessments AUC0-72 (linagliptin), AUC0-t, AUC%extrapolated, AUC0-∞, Cmax, 

Tmax, Kel, t1/2 

Reference ID: 3027133



N201281 QBR_final.doc 72

Primary endpoints: AUC0-72 and Cmax for linagliptin; 
AUC0-  and Cmax for metformin 

Safety Assessment Vital signs, ECG , Clinical laboratory, AEs 
PD Assessment None 

 
Protocol Deviations: There were no important protocol violations in this study and no 
other major deviations from the study protocol. 
 
Subject Disposition and Data Sets Analyzed: 
No. of subjects planned: 32, actual who entered: 32, analyzed: 32. 

Bioanalytical Results: 

Linagliptin : The calibration curve of undiluted samples was linear over the 
range of concentrations from 0.100 to 20.0 nmol/L for BI 1356 BS. The performance 
summary of analytical method during sample analysis is presented below: 

Metformin  The calibration curve of undiluted samples was linear over the 
range of concentrations from 5 to 2500 ng/mL for metformin. The performance summary 
of analytical method during sample analysis is presented below: 

 

Pharmacokinetic Results: 
The mean concentration-time profiles of linagliptin and metformin by treatment are shown in 
Figure below: 
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The distribution of PK parameters by treatment for linagliptin and metformin is summarized in 
the figures below: 
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Linagliptin: 
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Metformin:

 
The AUC% extrapolated was comparable across the two treatments to enable unbiased 
comparison of AUC0-inf for both linagliptin and metformin. Although, for linagliptin AUC0-72 h 
was used as primary parameter as % extrapolated is in excess of 10%. 
 
The geometric mean ratios and 90% CIs from the statistical comparison of PK parameters are 
presented in the following tables. 
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Table 1 Statistical comparison for linagliptin PK parameters  

t= 72 hr for AUC0-t. 
 
Table 2 Statistical comparison for metformin PK parameters  

 
t= 72 hr for AUC0-t. 

Conclusions: 
The design and conduct of Trial 1288.4 are reasonable from a clinical pharmacology perspective.  
The protocol deviations are handled appropriately. The bioanalytical methods, as reported, 
adequately support the trial results.  The results of the Trial 1288.4 demonstrate that total and 
peak linagliptin exposures from Lina 2.5/Met 1000 mg FDC formulation given under fed state are 
bioequivalent to those observed when the Lina 2.5/Met 1000 mg FDC formulation was given 
under fasted state. The peak exposure was ~18% lower whereas the total metformin exposure 
from Lina 2.5/Met 1000 mg FDC formulation given under fed state was bioequivalent to those 
observed when the Lina 2.5/Met 1000 mg FDC formulation was given under fasted state. A 
similar degree of food effect for metformin is reported for the Glucophage, however, to reduce 
the gastro-intestinal side effects, metformin is recommended to be taken with food.  Therefore, 
the food effect observed in this trial is not clinically relevant.  
.
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4.2.5 PKPD (1218.57) 
This study was a BE study comparing the EU sourced 500 mg and 1000 mg metformin 
(Glucophage) formulations used in the Phase 3 trial 1218.46 to the corresponding US approved 
metformin (Glucophage).      
 
The study design is as follows: 

Title:  Bioequivalence of two strengths (1000 mg and 500 mg) of two 
different metformin tablets administered to healthy male and female 
subjects in an open, randomized, single dose, two-period crossover, 
phase I trial 

Objectives: Primary: To establish the bioequivalence of Bristol-Myers Squibb (BMS) 
Glucophage® tablets (US approved) and Merck Glucophage® tablets 
(EU) in the strengths of 1000 mg and 500 mg.. 

Study Design Study was conducted as an open-label, randomized, single dose, two-
period crossover design within each of the 2 study parts. The subjects of 
study part I received the 1000 mg Glucophage® dose whereas the subjects 
of study part II received the 500 mg Glucophage® dose. In each study part 
the subjects received 2 single doses (one Merck Glucophage® tablet as 
test treatment and one BMS Glucophage® tablet as reference treatment) in 
randomized order. If a subject received a Merck Glucophage® tablet in the 
first period, the BMS Glucophage® tablet was administered in the second 
period and vice versa. 
 

 
Following a fast of at least 10 hours, subjects received a single oral dose of 
study drug on Day 1 of each treatment period. The 2 treatment periods 
were separated by a washout period of at least 6 days. 
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Study Population 

 
Investigational
Products:

 
Sampling: Blood Blood samples for determination of metformin plasma concentrations were 

measured at the following times for each treatment period: 15 minutes pre-
dose (0 hour), and at 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 8, 12, 24, and 48 hours 
post-dose. 
Metformin has a t1/2 of approximately 6 hr; thus, a 48-h plasma 
concentration versus time profiling appears to be adequate.  

Urine none 
Feces none 
PK Assessments AUC0-t, AUC%extrapolated, AUC0-∞, Cmax, Tmax, Kel, t1/2, CL/F, 

V/F 
Primary PK 
endpoints:

AUC0-  and Cmax for metformin 
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Safety Assessment Vital signs, ECG , Clinical laboratory, AEs 
PD Assessment None 

 
Protocol Deviations: No important protocol deviations and no violations of inclusion or 
exclusion criteria occurred in this study. 
 
Subject Disposition and Data Sets Analyzed: 
No. of subjects planned: 56 
Actual who entered: 56 
Study Part I: Allocated: 28, Completed: 28. 
Study Part II: Allocated: 28, Completed: 28. 
Two analysis sets were defined for this study. The treated set consisted of all subjects who 
received at least one dose of study medication. Both the safety evaluation and the primary PK 
analysis were performed on the treated set. Sensitivity analyses were performed on the 
pharmacokinetic per-protocol set (PK-PPS), which was defined as all subjects in the treated set 
who: 

• Did not experience vomiting within twice median tmax (i.e. within 5 h) 
• Completed the trial according to the trial protocol without important protocol violations 

relevant to the evaluation of bioequivalence 
All 56 randomised subjects were included in the treated set, and 55 subjects were included in the 
PK-PPS. Subject No. 208 was excluded from the PK-PPS as the subject vomited 3 min after 
intake of 500 mg Glucophage® from Merck (study part II). For the period in which the vomiting 
occurred, the values of the pharmacokinetic endpoints were excluded. Subjects with diarrhoea or 
loose stool within twice median tmax were included in the PK-PPS as diarrhea and loose stool 
most likely do not affect drug absorption of an immediate release formulation (like 
Glucophage®). 

Bioanalytical Results: 
Metformin  The calibration curve of undiluted samples was linear over the 
range of concentrations from 5 to 2500 ng/mL for metformin. The performance summary 
of analytical method during sample analysis is presented below: 

 

Pharmacokinetic Results: 
The mean concentration-time profiles of metformin 1000 mg (Part I) and 500 mg (Part II) 
formulations by treatment are shown in Figures below: 

Reference ID: 3027133

(b) (4)



N201281 QBR_final.doc 80
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The distribution of PK parameters by treatment for metformin is summarized in the figures 
below: 
Metformin 1000 mg (Part I): 
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Metformin 500 mg (Part II): 
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The AUC% extrapolated was comparable across the two treatments to enable unbiased 
comparison of AUC0-inf for both linagliptin and metformin. 
 
The geometric mean ratios and 90% CIs from the statistical comparison of PK parameters are 
presented in the following tables. 

Table 1 Statistical comparison for metformin PK parameters for 1000 mg (Part I)  

t= 72 hr for AUC0-t. 
 
Table 2 Statistical comparison for metformin PK parameters for 500 mg (Part I) 

 
t= 72 hr for AUC0-t. 

Conclusions: 
The design and conduct of Trial 1218.57 are reasonable from a clinical pharmacology 
perspective.  The protocol deviations are handled appropriately. The bioanalytical methods, as 
reported, adequately support the trial results.  The results of the Trial 1218.57 demonstrate that 
both 1000 mg and 500 mg metformin tablets from EU source Glucophage® (Merck, Germany) 
are bioequivalent to their respective reference US approved Glucophage® tablets (BMS, US), for 
total and peak metformin exposures.  

.   
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QD Regimen: 50 minutes pre-dose (0 hour), and at 0.25, 0.5, 0.75, 1, 1.5, 
2, 3, 4, 6, 8, 11, 12, 16, ~24 hours post-dose on either Day 7 (Seq AB) or 
Day 14 (Seq BA). 
BID Regimen: 50 minutes pre-dose (0 hour), and at 0.25, 0.5, 0.75, 1, 1.5, 
2, 3, 4, 6, 8, 11.75 after first, and 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6, 8, 12 
hours post second dose on either Day 7 (Seq BA) or Day 14 (Seq AB).  

Urine Yes 
Feces none 
PK Assessments Primary PK parameter: AUC0-24,ss 

Secondary PK parameters: Cmax,ss, Cpre,N, tmax,ss, AUC0-12,ss, 
CL/F,ss, CLR,ss, and urinary excretion parameters: Aet1-t2,ss, fet1-t2,ss 
 

PD Assessments: Pharmacodynamic parameters for dipeptidyl-peptidase 4 (DPP-4) 
inhibition at 
steady-state: Eavg0-24,ss, Eavg0-12,ss, E24,ss, E12,ss, Emax,ss, Emin,ss 

Safety Assessment Vital signs, ECG , Clinical laboratory, AEs 
 
Protocol Deviations: Due to the change to daylight-saving time in the early morning of 30 Mar 
2008 (approximately 18 h after the first dose of the 2.5 mg twice daily regimen and 42 h after the 
first dose of the 5 mg once daily regimen, respectively), lots of deviations of about 60 min from 
planned times were recorded for vital signs recording times, laboratory blood sampling times, and 
PK/PD blood and urine sampling times. After the change to daylight-saving time, the assessments 
were performed at the same clock times as before, so that the time differences were actually -1 h. 
No important protocol deviations were reported in the trial. All 16 subjects were included in the 
analysis of safety, whereas 15 subjects were included in the PK/PD analysis. No PK data are 
available for Subject No. 11, who discontinued due to an AE (influenza-like illness) on Day 5 of 
the first treatment period and was completely excluded from the PK set. This refers to both 
treatment periods. 
 
Subject Disposition and Data Sets Analyzed: 
No. of subjects planned: 16 
Actual who entered: 16 
Treatment A (FDC tablet): Treated: 16, analyzed (for primary endpoints): 15 
Treatment B (single tablets): Treated: 96, analyzed (for primary endpoints): 94 
(L)/93(M). 

Bioanalytical Results: 

Linagliptin : The calibration curve of undiluted samples was linear over the 
range of concentrations from 0.1 to 100 nmol/L for BI 1356 BS. The performance 
summary of analytical method during sample analysis is presented below: 
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Linagliptin Measurement in Urine: The calibration standards ranged from 1 to 1000 
nmol/L for BI 1356 BS in undiluted samples using 40 L of urine.

 

DPP4 Activity Measurement: A total of 648 human EDTA plasma samples were analyzed 
for DPP-4 activity using a validated semi-quantitative enzyme activity assay with 
fluorescence detection at the  

The performance summary of analytical method during sample 
analysis is presented below: 

 

Pharmacokinetic Results: 
Geometric mean drug plasma concentration-time profiles after multiple oral administration of 
5 mg BI 1356 once daily for 7 days and multiple oral administration of 2.5 mg BI 1356 twice 
daily for 7 days are shown in Figure below: 
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The comparison of PK parameters by treatment for linagliptin are summarized in the table below: 
 

 
Summary of PK Parameters for 5 mg QD: 

Comparison of pharmacokinetic parameters of 2.5 mg BI 1356 twice daily by dose:

The geometric mean ratios and 90% CIs from the statistical comparison of PK parameters are 
presented in the following tables. 
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Table 1 Statistical comparison for linagliptin PK parameters  

 
Pharmacodynamic Results: 

 
 
Comparison of pharmacodynamic parameters of DPP-4 inhibition by treatment: 

The average DPP-4 inhibition over a 24-h interval at steady-state (Eavg0-24,ss) was similar for 
both dosage regimens (5 mg once daily: 85.3%; 2.5 mg twice daily: 85.8%). The interindividual 
variability in average DPP-4 inhibition over 24 h was low, ranging from 2.65 to 3.79% CV. 
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BIOPHARMACEUTICS REVIEW 
Office of New Drug Quality Assessment 

Application No.:  NDA 201-281 (0000) 

Submission Date: January 19, 2011, and June 1, 2011  Reviewer:  Houda Mahayni, Ph.D.  

Division: DMEP 

Applicant: Boehringer Ingelheim  

Biopharmaceutics Team Leader:   
Angelica Dorantes, Ph.D.  
 

Trade Name:   
--- 

Date 
Assigned:

January 21, 2011, and June 
3, 2011   

Generic Name:  Linagliptin/Metformin Hydrochloride  Date of 
Review: September 8, 2011 

Indication:  
Treatment of patients with type 2 
diabetes mellitus 

Formulation/strengths  
Immediate-Release Tablet 

Route of 
Administration Oral  

Type of Submission: Original NDA and 
Response to FDA Information Request – CMC 
Amendment (Sequence 0007)

Type of Review • Dissolution Method and Acceptance Criteria 
• Manufacturing Site Change 

SUBMISSION:
 
Boehringer Ingelheim requests the approval of a 505 (b) (2) NDA for linagliptin/metformin hydrochloride fixed dose 
combination (L/M FDC) tablets for the treatment of type 2 diabetes. Three strengths of the combination product 
(2.5/500 mg, 2.5/850 mg, and 2.5/1000 mg) have been developed. In all three strengths, the amount of linagliptin is 
2.5 mg; the amount of metformin hydrochloride is 500 mg, 850 mg and 1000 mg.  Metformin hydrochloride has been 
approved in the US in dose strengths of 500 mg, 850 mg and 1000 mg for a twice-a-day application.  The therapeutic 
dose of linagliptin as a mono compound is 5 mg once a day.  In order to match this regimen, the Applicant split the 
regimen to two doses of 2.5 mg each. The dosage form is film-coated tablet for oral administration and the dosage 
regimen is two doses per day.   
 
BIOPHARMACEUTICS:
 
The focus of the Biopharmaceutics review is to evaluate the information/data supporting the proposed dissolution 
method, dissolution acceptance criteria, and manufacturing site change and provide a recommendation regarding their 
acceptability.  

Background: 
The Applicant performed three bioequivalence studies to compare the TBM Linagliptin/metformin FDC tablets and 
the individual tablets used in the Phase III pivotal efficacy study.  These studies are:   
1. Study 1288.1 was conducted to demonstrate bioequivalence between the highest proposed FDC dose strength 

(L2.5/M1000) and individual linagliptin tablets (2.5 mg) or EU commercial Glucophage® (metformin) tablets 
(1000 mg).  Test and reference products were analyzed by comparative dissolution testing in three different 
media (pH 1, 4.5, and 6.8) using the proposed dissolution method for linagliptin / metformin hydrochloride film-
coated tablets.   
 

2. Study 1288.2 was conducted to demonstrate bioequivalence between the lowest proposed FDC dose strength 
(L2.5/M500) and individual linagliptin tablets (2.5 mg) or EU commercial Glucophage® (metformin) tablets 
(500 mg). Test and reference products were analyzed by comparative dissolution testing in three different media 
(pH 1, 4.5, and 6.8) using the proposed dissolution method for linagliptin / metformin hydrochloride film-coated 
tablets.   
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Proposed Dissolution Method and Acceptance Criteria 
Both linagliptin and metformin hydrochloride (HCl) show high solubility (> 1 mg/ml) in aqueous media over the 
entire physiological pH range from pH1 to pH 8.0.  The Applicant classified linagliptin and metformin hydrochloride 
as class III compounds providing high solubility and low permeability according to the Biopharmaceutics 
Classification System (BCS).   
 
The Applicant investigated the conditions to establish the proposed dissolution test method and the associated 
acceptance criteria [i.e., apparatus, rotation speed, dissolution media, discriminating ability  

 storage conditions), and justification of dissolution acceptance criteria].   APPENDIX 1 
(pages 6-41) includes the details for the development and validation of the proposed dissolution test and the setting of 
the acceptance criteria for both linagliptin and metformin HCl. 
 
Based on the provided information/data the selected dissolution method parameters and dissolution acceptance 
criteria are as follows:  
 
Apparatus:                     Paddle (Apparatus 2) 
Agitation:                       50 rpm 
Medium:                         900 mL 0.1 M HCl 
Temperature:                 37°C 
Sampling time:               30 minutes 
Proposed Acceptance Criteria: "Q =  at 30 minutes for linagliptin and metformin HCl" 
 
Reviewer’s Note: 
The provided data support the proposed dissolution method and acceptance criteria and they are acceptable. 
 
 
Comparative Dissolution Testing using Metformin Products Sourced in US and EU
The Applicant compared the in-vitro dissolution of metformin hydrochloride (Glucophage®) 500 mg and 1000 mg 
sourced from the US and EU market using the proposed dissolution method (Paddle, 50 rpm, 900 mL 0.1 M HCl).  
The Applicant tested these products in the bioequivalence study 1218.57.    
 
The comparative dissolution profiles are shown in the next Figure.  Both dosage strengths sourced from the US and 
EU met the bioequivalence criteria in study 1218.57.  The calculated f2 factor for the 500 mg is < 50 indicating no 
similarity.  However, the calculated f2 factor for the 1000 mg is ≥ 50 indicating similarity and in accordance with the 
bioequivalence results of study 1218.57.    
 

Comparison of metformin HCl batches (EU vs. US commercial batches) tested in study 1218.57, 500 mg,  
pH 1 (Paddle, 50 rpm, 900 mL 0.1 M HCl, n=12) 

                                            500 mg                                                                                     1000 mg 
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Table 7:  f2 values for linagliptin / metformin hydrochloride film-coated tablets with reference to linagliptin 
mono tablets 

 
Metformin hydrochloride 500 mg dosage strength in pH 6.8 met the criteria of f2 50 indicating the dissolution 
profiles of reference and test product are similar.  However, the f2 factor is less than 50 for the other two strengths 
(850 mg and 1000 mg ) indicating the dissolution profiles of reference and test product are dissimilar.   
 
Linagliptin in all three tested media met the f2 factor (≥ 50) indicating similar dissolution profiles of reference and test 
products.   
 
Reviewer’s Note:  Overall, the above dissolution results comparing the reference and test products are no relevant, as 
for NDAs the dissolution profile comparisons between the reference and test products are not needed.  Also for 
metformin HCl, the results clearly show that the dissolution method is product specific and therefore, a different 
dissolution method is needed for the reference product. 
 
It is noted that the Applicant did not follow the criteria for calculating the f2 factor such as in some cases more than 
one timepoint  dissolved was used, and in some cases the RSD values exceeds the recommended values at the 
respective sampling time points.  This deviation for calculating the f2 factor is not relevant as the dissolution method 
is not bio-relevant and the similarity of the profile is not critical because the Applicant performed in vivo study, and 
the reference and test batches met the bioequivalence criteria.    
 
Comparative Dissolution Testing using Production Scale Batches 
 
The Applicant also compared the in-vitro dissolution of the first three production scale batches of each dosage 
strength (primary stability batches) to linagliptin/metformin hydrochloride tablet batches tested in bioequivalence 
studies 1288.1, 1288.2, and 1288.3.  One production scale batch for each dosage strength was used as bio-batch as 
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Figure 45:  Comparison production scale batches, linagliptin, 2.5/1000 mg, pH 1 (Paddle, 50 rpm, 900 mL 0.1 
M HCl, n=12)  
 

 
 
Table 9:  f2 factor for production scale batches of linagliptin/metformin hydrochloride film-coated tablets  
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Figure 49:  Dissolution profiles of linagliptin/metformin hydrochloride film-coated tablets 2.5 mg/1000 mg, 
metformin hydrochloride (Paddle apparatus, 50 rpm, 900 mL, 0.1 M hydrochloric acid, n=12)  
 

Reviewer’s Note:  
The results show that the dissolution profiles are not affected by the transfer to the intended commercial 
manufacturing site. 
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APPENDIX 2

Narrative of study 1288.6 
Title : Relative bioavailability of two different batches of a 2.5 mg linagliptin / 1000 mg metformin fixed dose 
combination tablet (FDC) in healthy male and female volunteers (an open-label, randomized, single dose, two-way 
crossover, Phase I trial). 

Objective: To investigate the relative bioavailability of two different batches of a 2.5 mg linagliptin/1000 mg 
metformin fixed dose combination tablet (FDC) displaying different in vitro dissolution characteristics. 

Methods: The study was conducted in 40 healthy male and female volunteers according to an open-label, 
randomized, two-sequence, two-period crossover design. In each of the 2 periods, that were separated by a wash-out 
period of at least 35 days, the subjects received a single dose of the fixed combination (FDC) of linagliptin and 
metformin 2.5/1000 mg after a 10 hour overnight fast. The FDC standard batch with standard dissolution 
characteristics was considered TEST treatment, while the FDC side batch with slower dissolution characteristics was 
considered REFERENCE treatment. Serial plasma samples for the analysis of linagliptin and metformin were taken 
over a time period of 72 hours post dose. Pharmacokinetic parameters of linagliptin and metformin were evaluated 
separately. Two-sided 90% CIs for the intra-subject ratio (as estimated by the geometric mean of the ratio) of each of 
AUC0-  (metformin), AUC0-72 (linagliptin) and Cmax (both analytes) were calculated to determine whether the CIs 
were contained in the acceptance range of 80-125% for bioequivalence. Additionally, the corresponding point 
estimators (geometric means) for the median intra-subject ratios were calculated. The statistical model was ANOVA 
on log-transformed parameters including effects for sequence, subjects nested within sequences, period and treatment. 
CIs were based on the residual error from ANOVA. Descriptive statistics for all other parameters were calculated. 

Results: 40 data sets (20 male, 20 female) were available for non-compartmental analysis for both investigational 
batches of the fixed dose combination. For both analytes, linagliptin and metformin, geometric mean plasma 
concentration-time profiles were closely similar between the TEST (standard batch) and REFERENCE (side batch) 
FDC batches. Geometric mean linagliptin AUC0-72 (inter-subject gCV%) was 179 nM h (21.6%) for the FDC TEST 
product 
(standard batch) and also 179 nM h (20.5%) for the FDC REFERENCE product (side batch). Geometric mean 
linagliptin Cmax values were 5.36 nM (gCV 20.3%) and 5.39 nM (gCV 20.3%) for the FDC TEST (standard batch) 
and REFERENCE product (side batch), respectively. Median tmax was 3 h, for both products. Geometric mean 
metformin AUC0-  (inter-subject gCV%) was 12400 ng·h/mL (21.2%) for the FDC TEST product (standard batch) 
and 12300 ng·h/mL (19.9%) for the for the FDC REFERENCE product (side batch). Geometric mean metformin 
Cmax values were 1790 ng/mL (gCV 23.0%) and 1820 ng/mL (gCV 25.5%) for the FDC TEST (standard batch) and 
4.02 h) and 2.00 (0.65 – 4.02 h) for the FDC TEST (standard batch) and REFERENCE product (side batch), 
respectively. The geometric mean ratios (FDC to individual tablets), 90% confidence intervals and intra-subject CVs 
of AUC0-72, AUC0-  and Cmax were: 
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For both linagliptin and metformin, the 90% CIs for both AUC and Cmax were entirely contained in the standard 
bioequivalence acceptance range of 80-125%. Therefore in vivo bioequivalence of the standard and side batches of 
the FDC product can be concluded, despite of their different in vitro dissolution profiles. The outcome of the study is 
consistent with the BCS Class III categorization of both active components, rendering the in vivo bioavailability of 
both linagliptin and metformin independent from their dissolution characteristics (i.e. bioavailability is exclusively 
governed by permeability characteristics) The intra-individual variability observed for both analytes in this trial was 
overall low and consistent with previous BA/BE trial results. 

Conclusion: It is concluded that L/M FDC batches (2.5/1000 mg) display similar in vivo performance characteristics 
and hence, were demonstrated being bioequivalent despite of their different in vitro dissolution characteristics. 
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BIOPHARMACEUTICS REVIEW 
Office of New Drugs Quality Assessment

Application No.: NDA 201-281 (0000) 

Division: DMEP 

Reviewer: Houda Mahayni, Ph.D. 

Sponsor: Boehringer Ingelheim  
Team Leader: Angelica Dorantes, Ph.D 
.

Trade Name: 
--

Supervisor: Patrick J. Marroum, Ph.D 

Generic Name: Linagliptin/Metformin 
Hydrochloride Tablets  Date Assigned: January 21, 2011  

Indication: Treatment of patients with type 2 
diabetes mellitus  Date of Review: February 28, 2011 

Formulation Immediate-Release Tablet

Route of 
Administration Oral 

SUBMISSIONS REVIEWED IN THIS DOCUMENT 

Submission date CDER Stamp 
Date

Date of informal/Formal 
Consult

PDUFA
DATE

January 19, 2011 January 19, 2011 January 21, 2011 November 19, 2011  

Type of Submission: Original NDA 

Type of Consult: Dissolution method and specifications---FILING REVIEW
REVIEW SUMMARY: 

This submission is a 505 (b) (2) NDA for linagliptin/metformin hydrochloride fixed dose 
combination  (L/M FDC) tablets for the treatment of patients with type 2 diabetes mellitus.  The 
proposed doses of linagliptin and metformin hydrochloride are 2.5/500 mg, 2.5/850 mg, and 
2.5/1000 mg.  The dosage form is film-coated tablet for oral administration and the dosage 
regimen is two doses per day.  

The composition of the drug product is given in the following Table 1: 

Table 1:  Qualitative and quantitative composition of linagliptin/metformin hydrochloride 
film-coated tablets 
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Proposed specification: "Q =  at 30 minutes" 

The sponsor performed three bioequivalence studies to compare the TBM Linagliptin/metformin 
FDC tablets and the individual tablets used in the Phase III pivotal efficacy study.  These studies 
are:
1. Study 1288.1 was conducted to demonstrate bioequivalence between the highest proposed 
FDC dose strength (L2.5/M1000) and individual linagliptin tablets (2.5 mg) or EU commercial 
Glucophage® (metformin) tablets (1000 mg).  Test and reference products were analyzed by 
comparative dissolution testing in three different media (pH 1, 4.5, and 6.8) using the proposed 
dissolution method for linagliptin / metformin hydrochloride film-coated tablets.   

2. Study 1288.2 was conducted to demonstrate bioequivalence between the lowest proposed FDC 
dose strength (L2.5/M500) and individual linagliptin tablets (2.5 mg) or EU commercial 
Glucophage® (metformin) tablets (500 mg). Test and reference products were analyzed by 
comparative dissolution testing in three different media (pH 1, 4.5, and 6.8) using the proposed 
dissolution method for linagliptin / metformin hydrochloride film-coated tablets.   

3. Study 1218.57 was conducted to demonstrate bioequivalence between Glucophage from 
Merck and Glucophage from BMS at the dose strength of 500 mg and 1000 mg.  Metformin 
hydrochloride tablets (Glucophage®) sourced from the US and EU market and tested in the 
bioequivalence study 1218.57 were also compared by dissolution testing. 

In addition, the sponsor performed another bioequivalence study (Study 1288.3) to compare the 
to-be-marketed L/M FDC tablets and the individual tablets at the intermediate dose strength of 
L2.5/M850 in order to demonstrate bioequivalence between the FDC dose strength (L2.5/M850) 
and individual linagliptin tablets (2.5 mg) or EU commercial Glucophage® (metformin) tablets 
(850 mg).  Additionally, the sponsor performed dissolution testing using the proposed method to 
demonstrate comparability between US commercial Glucophage  and EU commercial 
Glucophage tablets at a dose strength of 850 mg.  

Furthermore, the first three production scale batches of each dosage strength (primary stability 
batches) were compared by in vitro dissolution with linagliptin / metformin hydrochloride tablet 
batches tested in bioequivalence studies 1288.1, 1288.2, and 1288.3. 

The manufacturing process of linagliptin / metformin hydrochloride film-coated tablets was 
developed initially at Boehringer Ingelheim's site in Biberach, Germany, and then transferred 
to the intended commercial manufacturing site of Boehringer Ingelheim in Ingelheim, 
Germany.  The sponsor stated that the same composition, design and operating principle of 
equipment and the same general manufacturing process were utilized throughout the 
pharmaceutical development, including manufacture of the clinical trial supply batches at the 
Biberach manufacturing site and manufacture of the primary stability batches and further batches 
for clinical trial supply at the production site in Ingelheim.  The production site Boehringer 
Ingelheim Pharma GmbH & Co. KG, Ingelheim is the intended commercial manufacturing site.  
The sponsor submitted comparative dissolution profiles of linagliptin / metformin hydrochloride 
film-coated tablets manufactured at R&D site Boehringer Ingelheim, Biberach and at 
manufacturing site Boehringer Ingelheim, Ingelheim.    

Reference ID: 2917726

(b) (4)



4

The biopharmaceutics review will be focused on the proposed dissolution method and 
specifications. 

RECOMMENDATION:  
The ONDQA/biopharmaceutics team has reviewed NDA 201281(0000) for filing purposes. We 
found this NDA filable from biopharmaceutics perspective.  The following comment is to be 
conveyed to the sponsor at this time: 

• FDA request a change to the dissolution specification to no less than  of the labeled 
amount of the drug substance dissolved in 20 minutes.  

Houda Mahayni, Ph. D.                                                         Patrick J. Marroum, Ph. D. 
Biopharmaceutics Reviewer                                                    Biopharmaceutics Lead 
Office of New Drugs Quality Assessment                              Office of New Drugs Quality Assessment 

cc: NDA 201-281,  MHai, ADorantes,  STran, KSharma, AAl-Hakim, SMarkofsky 
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