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Introduction

Type 2 diabetes (T2D) is a progressive disease with multi-
ple underlying pathophysiological abnormalities.1 
Following diagnosis, treatment guidelines in general rec-
ommend lifestyle interventions and initial monotherapy 
with metformin (if not contraindicated).2,3 Long-term gly-
caemic control usually cannot be adequately maintained 
with monotherapy.4,5 Accordingly, guidelines advocate the 
step-wise introduction of additional antihyperglycaemic 
drugs in various dual or triple combinations to help achieve 
glycaemic targets.2,3

An important limitation of this step-wise paradigm is 
the potential to incur a delay before antidiabetes treatment 
is intensified in patients with inadequate glycaemic con-
trol (termed ‘clinical inertia’).6 Patients who are not at 
their therapeutic goal should avoid periods of uncon-
trolled hyperglycaemia due to the increased risk for 
micro- and macrovascular complications.7 An alternative 

treatment approach involves earlier or even initial combi-
nation therapy with two different oral antidiabetes drugs 
(OADs).8 By targeting insulin resistance and impaired 
insulin secretion – the core pathophysiological abnormali-
ties of T2D – an additive or synergistic improvement in 
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glycaemic control may be anticipated using two drugs 
with complementary mechanisms of action. Combination 
regimens have typically included metformin; however, if 
contraindicated or poorly tolerated, alternative options to 
metformin are necessary. In addition, combining multiple 
drugs requires careful consideration, given an increased 
potential for adverse events (AEs). Administering multi-
ple drugs can also negatively impact patient adherence to 
prescribed therapy;9 for this reason, formulating drugs in 
a single-pill combination (SPC) can simplify treatment 
regimens and may help ensure continued administration 
of the drugs prescribed.10

The glucose-lowering mechanisms of dipeptidyl pepti-
dase-4 (DPP-4) inhibitors and thiazolidinediones are com-
plementary because the former lowers glucose by 
increasing insulin and suppressing glucagon release, and 
the latter by decreasing insulin resistance.11 As monothera-
pies, the DPP-4 inhibitor linagliptin and the thiazolidinedi-
one pioglitazone have demonstrated clinically meaningful 
reductions in glycated haemoglobin A1c (HbA1c) and fast-
ing plasma glucose (FPG) levels.12,13 As initial dual ther-
apy in patients with insufficient glycaemic control, the 
linagliptin plus pioglitazone combination given as separate 
pills was well tolerated and elicited significant improve-
ments in hyperglycaemia.14 Both drugs have a low propen-
sity for hypoglycaemia and can be taken once daily, 
making this combination an attractive option.

The aim of this study was to evaluate the efficacy and 
safety of initial therapy with linagliptin plus pioglitazone 
SPC versus linagliptin or pioglitazone monotherapy in 
T2D patients with insufficient glycaemic control with diet 
and exercise alone. The SPC formulations included piogl-
itazone at the three different dose strengths currently 
approved for use in T2D treatment.15

Methods

Study design and patients

This was a multicentre, international, randomised, double-
blind, parallel-group, and phase 3 study (ClinicalTrials.
gov identifier: NCT01183013) conducted between August 
2010 and February 2013 in the following countries: 
Estonia, Germany, Latvia, Spain, United Kingdom, and 
the United States.

The study protocol and amendments were reviewed and 
approved by the independent ethics committees or institu-
tional review boards of each participating site. The study 
was conducted in compliance with the principles of the 
Declaration of Helsinki (1996) and in accordance with 
Good Clinical Practice guidelines as defined by the 
International Conference on Harmonisation. All patients 
gave written informed consent before participation.

Consenting patients were eligible if they were 18–
80 years of age, had a diagnosis of T2D and insufficient 

glycaemic control (HbA1c ⩾ 7.0% to ⩽10.5%) on diet and 
exercise alone and without the use of OADs within the 
previous 10 weeks and had a body mass index (BMI) 
⩽45 kg/m2. The main exclusion criteria were uncontrolled 
hyperglycaemia with a confirmed glucose level >240 mg/
dL (>13.3 mmol/L) after an overnight fast during screen-
ing or placebo run-in; myocardial infarction (MI) within 
the previous 6 months; stroke or transient ischaemic attack 
within the previous 3 months; active liver disease or ala-
nine transaminase level >2.5 times the upper limit of normal; 
bariatric surgery within the previous 2 years; hypersensi-
tivity or allergy to linagliptin or pioglitazone; treatment 
with rosiglitazone, pioglitazone, glucagon-like peptide-1 
receptor agonists, insulin or anti-obesity drugs within the 
previous 3 months; alcohol or drug abuse within the previ-
ous 3 months; treatment with systemic corticosteroids or 
change in dosage of thyroid hormones within the previous 
6 weeks; pre-menopausal women who were nursing, preg-
nant or not practising birth control; gallbladder disease 
within the previous 6 months; or a history of pancreatitis or 
bladder cancer. Further exclusion criteria included any 
contraindication or restriction for the use of pioglitazone 
according to local prescribing information (e.g. diagnosis 
or history of heart failure; treatment with gemfibrozil, 
montelukast, trimethoprim or rifampicin; and haemodialy-
sis patients).

Study procedures

Standard diet and exercise counselling was provided at the 
start of the trial. Prior to a 2-week placebo run-in period, if 
any patient was being treated with OAD monotherapy, 
they were required to be off this medication for more than 
10 weeks. After the run-in period, eligible patients entered 
a two-part (Parts A and B) randomised double-blind treat-
ment period of up to 84 weeks (Figure 1). Part A was an 
initial 30-week treatment period in which patients were 
randomised using equal allocations to one of seven treat-
ment groups: either monotherapy with linagliptin 5 mg qd, 
pioglitazone 15, 30 or 45 mg qd; or SPC with linagliptin 
5 mg plus pioglitazone 15, 30 or 45 mg qd. Randomisation 
was performed by a computer-generated random sequence 
using an interactive voice response system or web response 
system. Treatments were masked using a double-blind and 
double-dummy design. Patients randomised to receive 
pioglitazone 45 mg in Part A (as monotherapy or SPC) ini-
tially received pioglitazone 30 mg, which was uptitrated to 
45 mg during a 6-week forced titration period. It was ini-
tially planned that all patients who completed Part A were 
to continue to Part B.

Part B was an extension period of up to 54 weeks’ dura-
tion. There were five treatment groups, and assignment 
was determined by the preceding Part A treatment: patients 
randomised to receive pioglitazone 15 mg in Part A (as 
monotherapy or SPC) and who continued to Part B 
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received pioglitazone 30 mg as monotherapy or SPC 
(according to previous Part A assignment). Patients in all 
other treatment groups were to remain on the same treat-
ment in Part B (Figure 1).

There were several changes to the protocol during the 
conduct of this study. New safety assessments and consid-
erations were implemented based on the US Food and Drug 
Administration (FDA) and European Medicines Agency 
(EMA) drug safety communications concerning pioglita-
zone use and an increased risk for bladder cancer.16,17 The 
study sponsor made the decision to discontinue develop-
ment of the linagliptin and pioglitazone SPC clinical pro-
gramme. With this amendment, all patients concluded 
study participation after 30 weeks of treatment (Part A), the 
time point for the pre-defined primary efficacy endpoint. 
No further patients were entered into Part B. Patients in 
Part B at the time of the amendment terminated study par-
ticipation by completing final visit procedures.

Rescue therapy was permitted for confirmed hypergly-
caemia, defined as two or more measurements on different 
days using the following criteria for fasted glucose  
levels: FPG > 240 mg/dL (>13.3 mmol/L) during weeks 
1–12; FPG > 200 mg/dL (>11.1 mmol/L) during weeks 
12–30; FPG > 180 mg/dL (>10.0 mmol/L) and/or 
HbA1c > 8.0% during weeks 30–85. Metformin (first 
choice unless contraindicated) or a sulphonylurea was pre-
scribed at the investigator’s discretion and according to 
local prescribing information. Patients were discontinued 
from the trial if FPG remained above threshold levels.

Study endpoints

The primary endpoint was HbA1c change from baseline 
after 30 weeks of treatment. Secondary endpoints were 

HbA1c change from baseline at other time points; FPG 
change from baseline after 30 weeks and at other time 
points; percentage of patients achieving HbA1c < 7.0% or 
<6.5%, or a ⩾0.5% reduction from baseline after 
30 weeks; and incidence and time to the first use of rescue 
therapy. Additional endpoints included change from base-
line in body weight after 30 weeks.

Safety endpoints included the frequency and intensity 
of AEs, which were coded using the Medical Dictionary 
for Drug Regulatory Affairs (MedDRA) version 15.1. 
Protocol-specified significant AEs were reported and 
defined according to narrow standardised MedDRA que-
ries (SMQs): hypersensitivity reactions, selected hepatic 
AEs, selected renal AEs, cutaneous skin lesions and pan-
creatitis. Hypoglycaemic episodes with blood glucose lev-
els <70 mg/dL (<3.9 mmol/L) were documented by the 
investigator according to protocol classifications. Any epi-
sode with glucose levels <54 mg/dL (<3.0 mmol/L) and 
all symptomatic and severe hypoglycaemias were to be 
documented as an AE of ‘hypoglycaemic event’. Other 
safety endpoints were changes from baseline in vital signs, 
clinical laboratory values and 12-lead electrocardiograms; 
and events qualifying for external adjudication by the clin-
ical event committee (CEC) selected based on all fatal 
cases and SMQs for ischaemic heart disease, cerebrovas-
cular disorders and cardiac failure.

Statistical analyses

All hypotheses testing for this trial must be considered 
exploratory rather than confirmatory subsequent to early 
termination of the trial. SAS version 9.2 was used for all 
analyses. Based on the expected treatment-effect sizes, a 
sample size of 128 patients per group was planned to 

Figure 1.  Study design.
LINA: linagliptin; PIO: pioglitazone.
ClinicalTrials.gov Identifier: NCT01183013.
aPatients being treated with antidiabetes drugs at screening returned for placebo run-in ⩾10 weeks after their last dose.
bPatients in Part A who were randomised to 15 mg of pioglitazone (either as monotherapy or in combination) received 30 mg of pioglitazone in Part 
B (continuing either as monotherapy or in combination).
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afford 94% power to detect an estimated difference of 
0.5% in HbA1c change from baseline at 30 weeks between 
linagliptin monotherapy and any one of the SPC combina-
tions, and >99% power to detect an estimated difference 
of 0.8%–1.0% in HbA1c change from baseline at 30 weeks 
between each dose of pioglitazone monotherapy and the 
corresponding SPC combination, using two-sided t-tests 
with a significance level (α) of 0.05, assuming a standard 
deviation (SD) for HbA1c change from baseline after 
30 weeks of 1.1%, and with 5% of patients being assumed 
non-evaluable. Furthermore, this planned to provide 81% 
power for the full hypothesis testing hierarchy specified in 
the trial protocol (i.e. all three SPCs versus both linagliptin 
and pioglitazone), under the most conservative assumption 
of independent tests.

The primary efficacy analysis was an analysis of covar-
iance (ANCOVA) of the mean HbA1c change from base-
line after 30 weeks of treatment in Part A. This analysis 
was performed on all randomised patients who had 
received at least one dose of study medication and had a 
baseline and at least one on-treatment HbA1c measurement 
[full analysis set (FAS)]. The statistical model included 
‘prior use of OADs’, ‘country’ and ‘Part A treatment’ as 
fixed classification effects, and ‘baseline HbA1c’ as a linear 
covariate. From this statistical model, 95% confidence 
intervals (CIs) and p-values for the comparisons of each of 
the SPCs of linagliptin plus pioglitazone versus the lina-
gliptin and corresponding pioglitazone monotherapies 
were determined. A last observation carried forward 
(LOCF) approach was used to replace missing data; values 
recorded after the initiation of rescue therapy were set to 
missing prior to the application of LOCF. Various sensitiv-
ity analyses were performed, which included the primary 
analysis repeated for the FAS using an LOCF-rescue 
observed cases (LOCF-ROC) approach, in which values 
recorded after the initiation of rescue therapy were retained 
prior to the application of LOCF.

Secondary efficacy endpoints were analysed using the 
FAS. Change in FPG from baseline after 30 weeks was 
analysed using ANCOVA similar to the primary analysis 
with an LOCF approach and with the same terms as the 
primary analysis model plus ‘baseline FPG’ as a linear 
covariate. Changes in HbA1c and FPG levels over time 
were analysed using a mixed model for repeated measures 
and descriptive statistics and based on observed cases 
(OC; patients with missing values were excluded). HbA1c 
responder endpoints (<7.0% and <6.5% and decrease 
from baseline >0.5%) were analysed using logistic regres-
sion modelling to estimate odds ratios (ORs; together with 
95% CI) using a non-completers considered failures (NCF) 
approach to missing data at 30 weeks. Change in body 
weight from baseline after 30 weeks was analysed using 
ANCOVA similar to the primary analysis (based on OC 
approach) and with the same terms as the primary analysis 
model plus ‘baseline body weight’ as a linear covariate. 

Time-to-first use of rescue therapy during Part A was ana-
lysed using Kaplan–Meier estimates.

Safety data were analysed for the treated set (TS) (all 
randomised patients who received at least one dose of 
study medication) in Parts A and B combined using 
descriptive statistics.

Results

Of 1849 patients who were screened, 936 were randomised 
to treatment and all received at least one dose of study 
medication (the TS; Figure 2). The FAS excluded 43 
treated patients and comprised 893 patients. Mean expo-
sure to study drug for each treatment group ranged from 
180.8 to 189.8 days in Part A (median, 210.0 days in all 
groups). In Parts A and B combined, mean exposure for 
each treatment group ranged from 297.5 to 334.3 days 
(median, 248.0–337.0 days), although there was consider-
able between-patient variability in the overall length of 
exposure because of the impact of protocol amendments. 
In each treatment group, <12% of patients received treat-
ment for >84 weeks.

Baseline demographic and clinical characteristics 
were generally similar between treatment groups (Table 
1). Mean body weight was highest (96.9 kg) in patients 
treated with pioglitazone 45 mg (Table 1). Mean (SD) 
HbA1c and FPG levels were 8.11% (0.91) and 166.3 
(39.9) mg/dL [9.2 (2.2) mmol/L], respectively. The 
majority of patients were White (85.1%) and were not 
receiving antidiabetes treatment at the time of enrolment 
(66.1%). Most patients (approximately 70%) had been 
diagnosed with T2D for ⩽5 years.

Efficacy

After 30 weeks of treatment (Part A), all SPC treatment 
groups showed statistically significantly greater reduc-
tions in HbA1c levels from baseline than their respective 
monotherapy groups, with the exception of linagliptin 
plus pioglitazone 15 mg SPC versus pioglitazone 15 mg 
monotherapy (Figure 3(a)). The mean (95% CI) treat-
ment differences for linagliptin plus pioglitazone 15 mg 
SPC versus pioglitazone 15 mg and linagliptin monother-
apy were −0.17% (−0.41, 0.07; p = 0.1571) and −0.44% 
(−0.67, −0.20; p = 0.0003), respectively; for linagliptin 
plus pioglitazone 30 mg SPC versus pioglitazone 30 mg 
and linagliptin monotherapy were −0.37% (−0.60, −0.14; 
p = 0.0016) and −0.68% (−0.91, −0.44; p < 0.0001), 
respectively; and for linagliptin plus pioglitazone 45 mg 
SPC versus pioglitazone 45 mg and linagliptin monother-
apy were −0.41% (−0.64, −0.18; p = 0.0006) and −0.89% 
(−1.12, −0.66; p < 0.0001), respectively. The results from 
sensitivity analyses were consistent with the primary 
analysis; Figure 3(b) shows the results of a sensitivity 
analysis in the FAS in which values recorded after the use 
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of rescue medication were retained prior to the applica-
tion of LOCF (LOCF-ROC).

Mean changes in HbA1c levels over time are shown in 
Figure 4(a). The majority of the reduction occurred 
within the first 18 weeks and was maintained until week 
30. In patients with baseline HbA1c ⩾ 7%, the percentage 
of patients who achieved a target HbA1c of <7% at week 
30 ranged from 40.2% to 66.9% in the SPC treatment 
groups, 32.2% to 52.7% in the pioglitazone monotherapy 
groups and was 23.4% with linagliptin monotherapy 
(Figure 4(b)). In patients with baseline HbA1c ⩾ 6.5%, 
the percentage of patients who achieved a target HbA1c of 
<6.5% at week 30 ranged from 20.0% to 34.4% in the 
SPC treatment groups, 16.1% to 29.1% in the pioglita-
zone monotherapy groups and was 10.9% with linaglip-
tin monotherapy (Supplementary Figure S1). The 
percentage of patients who achieved a reduction in HbA1c 
of ⩾0.5% ranged from 65.8% to 84.9% in the SPC treat-
ment groups, 61.9% to 67.2% in the pioglitazone 

monotherapy groups and was 41.5% with linagliptin 
monotherapy (Supplementary Figure S2).

After 30 weeks of treatment (Part A), all SPC treatment 
groups showed statistically significant and clinically 
meaningful reductions in FPG levels from baseline versus 
linagliptin monotherapy (Figure 5(a)). Overall, the reduc-
tions in FPG levels were near-maximal by weeks 6–12 
(Supplementary Figure S3).

The proportion of patients requiring rescue therapy 
during Part A was small and lower among patients 
receiving SPC therapy (linagliptin plus pioglitazone 
15 mg, 10.0%; linagliptin plus pioglitazone 30 mg, 
8.0%; linagliptin plus pioglitazone 45 mg, 4.0%) than 
among patients receiving the corresponding monothera-
pies (pioglitazone 15 mg, 16.1%; pioglitazone 30 mg, 
12.7%; pioglitazone 45 mg, 8.2%; linagliptin 5 mg, 
20.0%).

Changes in mean body weight from baseline to week 30 
and between-group comparisons are shown in Figure 5(b). 

Figure 2.  Patient disposition (irrespective of the timing relative to protocol amendments).
aWith the implementation of several protocol amendments, the interpretation of study completion and premature discontinuation of treatment 
changed. Patients were classified as ‘pre-amendment’ if the treatment termination date was prior to implementation of the amendment. Otherwise, 
patients were classified as ‘post-amendment’. Among the 254 ‘pre-amendment’ patients, 249 (98.0%) discontinued treatment. The most common 
reasons for discontinuation were ‘other’ (30.7%) and ‘refused to continue medication’ (26.0%). Among the 682 ‘post-amendment’ patients, a total of 
24 (3.5%) prematurely discontinued trial medication. Most of these patients discontinued for reasons other than adverse events.
bIncludes patients discontinued due to hyperglycaemia.
cPatients received pioglitazone 15 mg in Part A and pioglitazone 30 mg in Part B.
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Compared with linagliptin monotherapy, the adjusted 
mean differences in body weight change from baseline in 
the SPC treatment groups ranged from +1.25 kg with lina-
gliptin plus pioglitazone 45 mg to +2.12 kg with linaglip-
tin plus pioglitazone 30 mg (Figure 5(b)). In contrast, the 
adjusted mean differences in body weight change between 
the SPC treatment groups and the respective pioglitazone 
monotherapies ranged from −0.30 kg with linagliptin plus 

pioglitazone 30 mg to −2.61 kg with linagliptin plus piogl-
itazone 45 mg (Figure 5(b)).

Safety

Safety data were analysed for Parts A and B combined 
(936 patients – the TS; Table 2). Exposure-adjusted 
incidence rates were reported for the following AE 

Table 1.  Patient demographics and clinical characteristics at baseline.

LINA + PIO LINA + PIO LINA + PIO PIO PIO PIO LINA

  15/30 mga 30 mg 45 mg 15/30 mga 30 mg 45 mg 5 mg

Demographics
Patients (TS)b, n 126 133 133 131 140 138 135
Age, years 57.1 (10.0) 56.7 (10.1) 59.8 (10.2) 56.3 (10.4) 57.0 (11.5) 56.5 (11.0) 56.0 (10.4)
Males, n (%) 71 (56.3) 68 (51.1) 73 (54.9) 73 (55.7) 73 (52.1) 72 (52.2) 83 (61.5)
Body weight, kg 93.6 (19.0) 91.8 (19.3) 91.8 (18.5) 91.5 (20.7) 91.5 (19.9) 96.9 (19.0) 94.7 (19.3)
BMI, kg/m2 32.4 (5.5) 32.6 (5.7) 32.4 (5.4) 32.3 (5.6) 32.2 (5.3) 33.9 (5.5) 32.7 (5.3)
Race, n (%)
  Black/African American 15 (11.9) 11 (8.3) 16 (12.0) 20 (15.3) 17 (12.1) 17 (12.3) 20 (14.8)
  White 107 (84.9) 119 (89.5) 113 (85.0) 108 (82.4) 120 (85.7) 119 (86.2) 111 (82.2)
  Otherc 4 (3.2) 3 (2.3) 4 (3.1) 3 (2.3) 3 (2.1) 2 (1.4) 4 (3.0)
Renal function (eGFR) according to MDRD, n (%)
 � Normal renal function 

(⩾90 mL/min/1.73 m2)
42 (33.3) 43 (32.3) 35 (26.3) 52 (39.7) 52 (37.1) 55 (39.9) 48 (35.6)

 � Mild impairment (60 to 
<90 mL/min/1.73 m2)

69 (54.8) 79 (59.4) 82 (61.7) 67 (51.1) 67 (47.9) 64 (46.4) 78 (57.8)

 � Moderate impairment 
(30 to <60 mL/
min/1.73 m2)

15 (11.9) 10 (7.5) 16 (12.0) 12 (9.2) 20 (14.3) 19 (13.8) 9 (6.7)

 � Severe impairment 
or ESRD (<30 mL/
min/1.73 m2)

0.0 1 (0.8)d 0.0 0.0 0.0 0.0 0.0

Clinical characteristics
Patients (FAS)e, n 120 125 126 124 134 134 130
HbA1c, % 8.1 (0.9) 8.2 (1.1) 8.0 (0.8) 8.3 (0.9) 8.0 (0.9) 8.1 (0.9) 8.0 (0.9)
FPG, mg/dL 167.3 (39.5) 168.8 (46.8) 162.3 (36.8) 171.3 (39.3) 165.8 (40.0) 167.5 (37.9) 161.4 (38.1)
FPG, mmol/Lf 9.3 (2.2) 9.4 (2.6) 9.0 (2.0) 9.5 (2.2) 9.2 (2.2) 9.3 (2.1) 9.0 (2.1)
Duration of diabetes, n (%)
  ⩽1 year 32 (26.7) 35 (28.0) 37 (29.4) 35 (28.2) 38 (28.4) 39 (29.1) 41 (31.5)
  >1 to ⩽5 years 42 (35.0) 48 (38.4) 42 (33.3) 53 (42.7) 55 (41.0) 63 (47.0) 48 (36.9)
  >5 to ⩽10 years 33 (27.5) 32 (25.6) 26 (20.6) 26 (21.0) 30 (22.4) 26 (19.4) 25 (19.2)
  >10 years 13 (10.8) 10 (8.0) 21 (16.7) 10 (8.1) 11 (8.2) 6 (4.5) 16 (12.3)
Number of prior antidiabetes drugs, n (%)
  0 84 (70.0) 82 (65.6) 82 (65.1) 86 (69.4) 82 (61.2) 92 (68.7) 82 (63.1)
  1 35 (29.2) 38 (30.4) 43 (34.1) 35 (28.2) 48 (35.8) 37 (27.6) 47 (36.2)
  2 1 (0.8) 5 (4.0) 1 (0.8) 3 (2.4) 4 (3.0) 5 (3.7) 1 (0.8)

BMI: body mass index; eGFR: estimated glomerular filtration rate; ESRD: end-stage renal disease; FAS: full analysis set; FPG: fasting plasma glucose; 
HbA1c: glycated haemoglobin; LINA: linagliptin 5 mg; MDRD: modification of diet in renal disease; PIO: pioglitazone; TS: treated set; SD: standard 
deviation.
All values are mean (SD) except where indicated.
aPatients received pioglitazone 15 mg in Part A and pioglitazone 30 mg in Part B.
bAll patients who were treated with at least one dose of study medication.
cAmerican Indian/Alaska Native, Asian or Hawaiian/Pacific Islander.
dOne patient had a baseline eGFR of 27.85 mL/min (actual creatinine result = 252 µmol/L).
e�All randomised patients who were treated with at least one dose of study drug and had a baseline and at least one on-treatment HbA1c measurement.
fFPG values were converted from mg/dL to mmol/L using a factor of 0.0555.
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Figure 3.  Adjusted mean HbA1c changes from baseline and adjusted mean differences between SPC treatments and respective 
monotherapies after 30 weeks (a) FAS; LOCFa and (b) FAS; LOCF-ROCb.
ANCOVA: analysis of covariance; CI: confidence interval; FAS: full analysis set; HbA1c: glycated haemoglobin; LINA: linagliptin; LOCF-ROC: last 
observation carried forward–rescue observed cases; PIO: pioglitazone; SE: standard error; SPC: single-pill combination.
aValues recorded after the initiation of rescue medication were set to missing prior to the application of LOCF.
bValues recorded after the initiation of rescue medication were retained prior to the application of LOCF.
cANCOVA model includes fixed effects for ‘treatment (Part A)’, ‘continuous baseline HbA1c’, ‘prior oral antidiabetes drugs’ and ‘country’.

Figure 4.  (a) Adjusted mean change from baseline in HbA1c over time (FAS; OCa) and (b) within-group frequencies and between-group 
comparisons between SPC treatments and the respective monotherapies of patients achieving HbA1c < 7.0% after 30 weeksb (FAS; NCFc).
CI: confidence interval; FAS: full analysis set; HbA1c: glycated haemoglobin; LINA: linagliptin; NCF: non-completers considered failures; OC: observed 
cases; PIO: pioglitazone; SE: standard error; SPC: single-pill combination.
aMissing values were handled by the statistical model. Patients with values after rescue medication use also had those values excluded from OC 
analysis prior to application of the statistical model.
bPatients with baseline HbA1c levels ⩾7.0%.
cMissing values imputed using the non-completers considered failure approach.
dMixed model repeated measures analysis included fixed effects for ‘treatment (Part A)’, ‘continuous baseline HbA1c’, ‘prior oral antidiabetes drug’, 
‘country’, ‘visit’ and ‘treatment × visit interaction’.
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summaries: overall AEs ranged from 151.4 per 100 
patient-years with pioglitazone 30 mg to 226.3 per 100 
patient-years with pioglitazone 15/30 mg; drug-related 
AEs ranged from 12.8 per 100 patient-years with lina-
gliptin plus pioglitazone 15/30 mg SPC to 20.8 per 100 
patient-years with linagliptin plus pioglitazone 45 mg 
SPC; AEs leading to discontinuation ranged from 4.0 
per 100 patient-years with linagliptin to 10.5 per 100 
patient-years with linagliptin plus pioglitazone 15/30 mg 
SPC; and serious AEs ranged from 4.1 per 100 patient-
years with pioglitazone 45 mg to 13.4 per 100 patient-
years with linagliptin plus pioglitazone 30 mg SPC. One 
fatality occurred during the treatment period in the 
pioglitazone 45 mg group: a 74-year-old patient experi-
enced colon cancer on day 313 of treatment (concurrent 
conditions included tumour invasion, anaemia and 
fatigue); the patient also experienced a post-treatment 
episode of acute pulmonary oedema. The colon cancer 
and associated conditions were not attributed to the 
study drug. Overall, vital signs (including systolic and 
diastolic blood pressure and pulse rate) remained 

consistent across study groups and throughout the treat-
ment period.

The frequency of investigator-reported hypoglycaemia 
was ⩽1.5% across all treatment groups, and there were no 
hypoglycaemic events with linagliptin monotherapy 
(Table 2). Only one patient (0.8%) in the study experi-
enced severe hypoglycaemia – an individual in the lina-
gliptin plus pioglitazone 15/30 mg SPC group 
(Supplementary Table S1). Protocol-specified significant 
AEs occurred at ⩽4.5% across the treatment groups (Table 
2); one patient (0.8%) in the pioglitazone 15/30 mg group 
reported pancreatitis. The frequency of pre-defined 
oedema events was highest with linagliptin plus pioglita-
zone 45 mg SPC (12.8%) and lowest with linagliptin mon-
otherapy (4.4%) (Table 2). CEC-confirmed cardiovascular 
events occurred in two patients in the linagliptin plus 
pioglitazone 30 mg SPC group and two patients in the lina-
gliptin monotherapy group; one patient in the pioglitazone 
15/30 mg group and one patient in the pioglitazone 30 mg 
group (Table 2). Cardiac failure (narrow SMQ) was infre-
quent and occurred in two patients in the linagliptin plus 

Figure 5.  (a) Adjusted mean FPG changes from baseline and adjusted mean differences between SPC treatments and the 
respective monotherapies after 30 weeks (FAS; LOCFa) and (b) adjusted mean body weight changes from baseline and adjusted 
mean differences between SPC treatments and the respective monotherapies after 30 weeks (FAS; OCb).
ANCOVA: analysis of covariance; FAS: full analysis set; FPG: fasting plasma glucose; HbA1c: glycated haemoglobin; LINA: linagliptin; LOCF: last 
observation carried forward; OC: observed cases; PIO: pioglitazone; SE: standard error; SPC: single-pill combination.
FPG values were converted from mg/dL to mmol/L after statistical analysis using a factor of 0.0555.
aValues recorded after the initiation of rescue medication were set to missing prior to the application of LOCF.
bPatients with missing values were excluded. Patients with values after rescue medication use also had those values excluded from OC analysis.
cANCOVA model includes fixed effects for ‘treatment (Part A)’, ‘continuous baseline HbA1c’, ‘continuous baseline FPG’, ‘prior oral antidiabetes drug’ 
and ‘country’.
dANCOVA model includes fixed effects for ‘treatment (Part A)’, ‘continuous baseline HbA1c’, ‘continuous baseline body weight’, ‘prior oral 
antidiabetes drug’ and ‘country’.
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pioglitazone 30 mg SPC group and one patient in the lina-
gliptin plus pioglitazone 15/30 mg SPC group. No cases of 
bladder cancer were reported.

Discussion

Glycaemic control is the cornerstone of antidiabetes ther-
apy. Prolonged periods of uncontrolled hyperglycaemia 
should be avoided because of the expected adverse effects 
on long-term outcomes.7 However, the treatment strategy 
of initial monotherapy followed by the step-wise intensifi-
cation to dual or triple therapy regimens, which is gener-
ally advocated in current guidelines,2,3 may not address 
sufficiently the progressive and multifactorial nature of 
T2D. Consequently, many patients fail to reach or ade-
quately maintain target glucose levels in the long term.18–20 
In a study of European outpatients, only 26% of patients 
had adequate glycaemic control (HbA1c < 6.5%) after 
2.6 years following initiation of dual OAD therapy (addi-
tion of a sulphonylurea or thiazolidinedione to the ongoing 
metformin therapy).18 Furthermore, despite suboptimal 
glycaemic control, step-wise treatment intensification is 
often delayed for several years,6 well beyond the ~3 months 
specified in guidelines.2,3

In this study of patients with insufficient glycaemic 
control, initial treatment with linagliptin plus pioglitazone 
SPC was efficacious and well tolerated after 30 weeks of 
treatment. Clinically meaningful and statistically signifi-
cant decreases in HbA1c levels were seen with SPC treat-
ments versus linagliptin monotherapy; comparisons versus 
the respective pioglitazone monotherapies were also clini-
cally meaningful and statistically significant except for 
linagliptin plus pioglitazone 15 mg, which showed a 
numerical difference in favour of the SPC. Although for-
mal statistical comparisons were not planned or performed, 
an informal comparison suggests that decreases in HbA1c 
levels with the lower dose SPCs containing pioglitazone 
15 or 30 mg were similar to high-dose pioglitazone 45 mg 
monotherapy, implying a modest dose-sparing effect with 
pioglitazone when used in combination with linagliptin. 
Compared with monotherapy treatments, there was an 
additive effect on glycaemic control when linagliptin was 
combined with pioglitazone 30 or 45 mg, which is consist-
ent with targeting two core pathophysiologies in T2D 
using two different drug classes with complementary 
mechanisms of action.8 This enhanced glucose-lowering 
effect has been shown in studies with pioglitazone in 
initial free combination with other DPP-4 inhibitors in 
patients with uncontrolled hyperglycaemia.21–23 The addi-
tive effect was not evident with the low-dose SPC in our 
study.

There is evidence that initial combination therapy may 
have potential clinical benefits compared with monother-
apy.8,24 Besides improving microvascular outcomes,4 early 
intensive glucose-lowering strategies may slow the onset 

and progression of T2D25–28 and may have long-term ‘leg-
acy’ benefits with respect to reductions in cardiovascular 
disease risks.29 Early combination therapy may also help 
minimise the consequences of clinical inertia, which is a 
major barrier to optimal diabetes management,6 by poten-
tially avoiding early treatment failure that is often seen 
with initial monotherapy.30 However, current treatment 
guidelines recommend initial combination therapy with 
OADs only in newly diagnosed patients presenting high 
baseline HbA1c.2,3 Although this study did not evaluate 
patients with marked hyperglycaemia, a previous study 
showed that the initial combination of linagliptin plus met-
formin achieved large reductions in HbA1c levels in 
patients with a mean baseline HbA1c level of 9.8%, with-
out increasing hypoglycaemia or other adverse effects 
compared with linagliptin monotherapy.31

The improvements in efficacy from using an intensive 
combination treatment strategy should not be at the 
expense of worsening safety and tolerability profiles. In 
this study, there were no clinically meaningful differences 
in the frequencies of AEs between treatment groups. The 
overall safety profiles of the SPCs were similar to the 
known safety profiles of the individual components, and 
no new unexpected safety findings emerged. An important 
concern when combining antidiabetes treatments is the 
increased risk for hypoglycaemia.2 Similar to the previous 
study of linagliptin plus pioglitazone combination,14 the 
incidence of hypoglycaemia in the SPC groups was low in 
this study (⩽1.5% per arm). This result was anticipated 
because the DPP-4 inhibitor and thiazolidinedione drug 
classes are associated with an inherently low risk of hypo-
glycaemia.2 Pioglitazone can cause oedema when used 
alone or in combination with other antidiabetes drugs.15 
Oedema may also lead to or exacerbate congestive heart 
failure, a known side effect of thiazolidinedione use.15 
Both of these side effects occurred at a low frequency in 
the pioglitazone-containing arms. Body weight gain, prob-
ably due to a combination of oedema and subcutaneous fat 
accumulation, is another safety concern associated with 
thiazolidinedione use15 and, in our study, body weight 
increased from baseline in all groups that received piogl-
itazone as either monotherapy or in combination. Mean 
body weight changes from baseline were lower in the SPC 
groups versus the respective pioglitazone monotherapies; 
in contrast, mean body weight changes in the SPC groups 
were greater than in the linagliptin monotherapy group. 
Overall, these changes are consistent with the effects of 
linagliptin and pioglitazone on body weight.2

Studies have shown that strict glycaemic control requires 
close adherence to treatment regimens.32 However, adher-
ence to prescribed medication is an aspect of treatment that is 
often overlooked in clinical practice; compliance with OAD 
regimens varies widely, ranging from approximately 40% to 
90%.32–34 Paradoxically, to achieve and maintain glycaemic 
control eventually requires combination treatment with 
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multiple drugs, resulting in a greater pill burden, which can 
be associated with poor adherence to therapy.9 Combining 
multiple drugs in a single-pill formulation can benefit 
patients through the potential synergistic or additive increases 
in efficacy, improved tolerability using lower doses and con-
venience in terms of administration and increased patient 
compliance, as well as reducing direct medical costs.10,35 
Despite these benefits, many patients and prescribers prefer 
dual therapy with separate pill combinations rather than 
SPC.36–38 Both linagliptin and pioglitazone are administered 
once daily, thereby allowing them to be taken together – 
either as an SPC or in free combination – to provide a sim-
pler pill regimen.

The 54-week extension study was terminated early and, 
consequently, the number of patients completing this phase 
was low. Therefore, treatment durability beyond 30 weeks 
could not be meaningfully assessed here. The study was 
also discontinued in Germany (August 2011) after regula-
tory authority concern regarding the potential risk of blad-
der cancer with pioglitazone.15 In addition, the FDA 
warned in June 2011 that the use of pioglitazone for more 
than 1 year may be associated with an increased risk of 
bladder cancer. The FDA recommended that pioglitazone 
should not be used in people with active bladder cancer 
and should be used with caution in people with a history of 
bladder cancer. This warning also applies to combination 
diabetes pills containing pioglitazone.16 However, it should 
be noted that a 10-year study showed recently that there 
was no increased risk of bladder cancer among patients 
exposed to pioglitazone.39 No incidences of bladder cancer 
were observed in the current study.

In conclusion, the current recommended treatment para-
digm for T2D, involving the step-wise introduction of addi-
tional antidiabetes drugs at the point of therapeutic failure, 
may only partially address the progressive nature of T2D. 
The results of this study support an alternative approach 
using initial combination therapy to simultaneously target 
multiple underlying pathophysiologies. Initial combination 
with linagliptin plus pioglitazone in a single-pill formula-
tion is an efficacious and well-tolerated therapeutic option. 
The improvements in glycaemic control with this combina-
tion are likely due to the complementary mechanisms of 
action of the two drugs. The safety profile is comparable to 
the known safety profiles of the individual monotherapies, 
with a minimal risk of hypoglycaemia.
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