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Abstract
The dipeptidyl peptidase-4 inhibitor (DPP-4i) alogliptin is an oral, antidiabetic treatment that is approved in many countries 
to treat patients with type 2 diabetes mellitus (T2DM), including the USA, Europe, and Japan. Alogliptin is efficacious both 
as monotherapy and as add-on/combination therapy with other commonly prescribed T2DM treatments, such as metformin 
and pioglitazone. Overall, alogliptin is well-tolerated in patients with T2DM, including older patients, those with renal and/or 
hepatic impairment, and those at high risk of cardiovascular events. There is a low risk of hypoglycemia, weight gain, acute 
pancreatitis, and gastrointestinal adverse events with alogliptin treatment, as demonstrated in long-term trials (lasting up to 
4.5 years) and in a real-world setting. Additionally, alogliptin has a generally favorable or similar safety profile in comparison 
to other antidiabetic agents (metformin, thiazolidinediones, sulfonylureas, glucagon-like peptide-1 receptor agonists, sodium-
glucose cotransporter 2 inhibitors, α-glucosidase inhibitors, and insulin). However, further evaluation would be required to 
determine the mechanism and effect of alogliptin on heart failure, bullous pemphigoid, and inflammatory bowel disease. Of 
note, due to the ethnic diversity in the epidemiology of T2DM, alogliptin has been shown to be more efficacious in Asian 
patients than in non-Asian patients with T2DM, but with a similar tolerability profile. These data indicate that DPP-4is, 
including alogliptin, are important treatment options, especially for Asian patients with T2DM, for whom they have potential 
as a first-line therapy. This benefit-risk assessment aims to place alogliptin within the current armamentarium of T2DM and 
aid physicians when choosing optimal diabetes treatment for their patients.
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1 Introduction

Alogliptin is an oral, dipeptidyl peptidase-4 inhibitor (DPP-
4i), which has been extensively studied in phase II/III studies 
in patients with type 2 diabetes mellitus (T2DM) [1–19]. In 
clinical [1–22] and real-world settings [23–25], alogliptin 
has been generally well-tolerated and has demonstrated a 
reduction in hemoglobin A1c (HbA1c) when administered 

alone or as add-on/combination therapy with other antidia-
betic agents [1–22, 24, 25].

Alogliptin was first approved to treat T2DM in 2010 in 
Japan, and subsequently in the USA and EU in 2013 [26–28]. 
The recommended dose of alogliptin as monotherapy is 
25 mg in the USA and Japan; it is not approved as mono-
therapy but as a 25-mg add-on therapy in the EU [26–28]. 
Fixed-dose combinations (FDCs) of alogliptin + metformin 
and alogliptin + pioglitazone are also approved in Japan, the 
USA, and the EU [29–34]. The alogliptin + metformin FDC 
treatment is available as twice-daily (BID) 12.5 mg aloglip-
tin with 500- or 1000-mg metformin tablets (USA), as BID 
12.5 mg alogliptin with 850- or 1000-mg metformin tablets 
(EU), and as once-daily 25 mg alogliptin with 500 mg met-
formin (Japan) [29, 30, 32]. Alogliptin + pioglitazone FDC 
therapy is available as 12.5 or 25 mg alogliptin with 15-, 30-, 
or 45-mg pioglitazone doses [31, 33, 34].

Alogliptin is primarily excreted unchanged via renal 
clearance [35]. As such, reports suggest that exposure to 
alogliptin increases with decreasing glomerular filtration 
rate (GFR) [36, 37]. Thus, to maintain similar systemic 
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Key Points 

Alogliptin is an efficacious, oral, dipeptidyl peptidase-4 
inhibitor (DPP-4i) for the treatment of type 2 diabetes 
mellitus (T2DM), which may be used alone or as add-on/
combination therapy.

Alogliptin is generally safe, with a low risk of hypogly-
cemia, weight gain, acute pancreatitis, and gastrointes-
tinal adverse events; however, caution is required when 
treating patients with renal and/or hepatic impairment.

Alogliptin and other DPP-4is are prominent treatment 
options, especially in Asia, as they have demonstrated 
higher efficacy in Asian compared with non-Asian 
T2DM patients, without compromising safety.

alogliptin; hence, alogliptin can be administered regardless 
of the timing of the session [27].

Although metformin monotherapy is the preferred first-
line treatment for patients with T2DM in the USA and 
Europe (based on its efficacy, favorable tolerability profile, 
low cost, and weight neutrality) [38–40], alternative options 
are required for patients with metformin contraindications, 
intolerance, or those who cannot achieve glycemic control 
with metformin alone (Table 1) [38, 39, 41]. In fact, in Asia, 
metformin is not always the recommended first-line treat-
ment, because of the different pathophysiology of (i.e., β-cell 
dysfunction with less adiposity and greater insulin sensitiv-
ity), and genetic susceptibility for, T2DM in Asian patients 
compared with Western patients [42–44]. In Japan, despite 
higher drug acquisition costs compared with metformin, 
DPP-4is are an option for first-line use [45] (a setting in 
which they are already the most widely prescribed antidia-
betic drug class [46]), unlike in the USA and Europe, where 
they are recommended as add-on medications [38, 39, 47]. 
In this regard, DPP-4is have demonstrated greater glucose-
lowering efficacy in Asian versus non-Asian patients with 
T2DM [48]. Notably, the Japanese Diabetes Society recom-
mends antidiabetic agents on a patient-centric basis [45]. 
There are eight DPP-4is approved worldwide for T2DM: 
alogliptin, sitagliptin, vildagliptin, linagliptin, teneligliptin, 
anagliptin, saxagliptin, and gemigliptin [49]. The long-act-
ing agents omarigliptin and trelagliptin are only approved 
in Japan, while evogliptin and gemigliptin are approved in 
some countries, not including the USA and EU [49]. The 

Table 1  Summary of recommended antidiabetic agents for the treatment of type 2 diabetes mellitus [38, 39, 41]

α-GI α-glucosidase inhibitor, DPP-4i dipeptidyl peptidase-4 inhibitor, GLP-1 glucagon-like peptide-1, HbA1c hemoglobin A1c, SGLT2i 
sodium-glucose cotransporter 2 inhibitor, SU sulfonylurea, TZD thiazolidinedione, ↑ increased, ↓ decreased
a Cost is dependent on type/brand (analogs > human insulins) and dosage

Treatment (route of administra-
tion)

Primary physiological action(s) Hypoglycemia risk Weight gain Most frequent side effects Cost

Metformin (oral) ↓ Hepatic glucose production Low Neutral/Loss Gastrointestinal Low
TZD (oral) ↑ Insulin sensitivity Low Gain Weight gain Low
SU (oral) ↑ Insulin secretion Moderate Gain Hypoglycemia Low
DPP-4i (oral) ↑ Glucose-dependent insulin 

secretion
↓ Glucose-dependent glucagon 

secretion

Low Neutral Rare High

GLP-1 receptor agonist (injec-
tion)

↑ Glucose-dependent insulin 
secretion

↓ Glucose-dependent glucagon 
secretion

Low Loss Gastrointestinal High

SGLT2i (oral) Blocks glucose reabsorption by 
kidneys, increasing glucosuria

Low Loss Genitourinary infections High

α-GI (oral) Slows intestinal carbohydrate 
digestion/absorption

Low Neutral Modest HbA1c efficacy, 
gastrointestinal

Moderate

Insulin (injection) ↑ Glucose disposal
↓ Hepatic glucose production

High Gain Hypoglycemia, weight gain Variablea

exposure, dose adjustments for alogliptin are not required 
for patients with mild renal impairment (creatinine clear-
ance [CrCl] ≥ 60 to < 90 mL/min [US definition] or ≥ 50 
to ≤ 80 mL/min [EU definition]). However, in patients with 
moderate renal impairment (CrCl ≥ 30 to < 60 mL/min [US] 
or ≥ 30 to ≤ 50 mL/min [EU]) [27, 28], the recommended 
daily dose is 12.5 mg, and in patients with severe chronic 
kidney disease (CKD) (CrCl ≥ 15 to < 30 mL/min) [27] or 
end-stage renal disease (ESRD) (CrCl < 15 mL/min), it 
is 6.25 mg. In patients with CKD receiving hemodialysis 
(HD-CKD), a 3-h dialysis session removed roughly 7% of 
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FDC of alogliptin + metformin has been available in Japan 
since 2016 [33].

This review will focus on alogliptin. We aim to evaluate 
the benefits and risks associated with alogliptin and to put 
alogliptin treatment into perspective within the armamen-
tarium of current therapies for patients with T2DM. Key 
studies for alogliptin were identified by searching PubMed 
using the terms ‘alogliptin’ and ‘diabetes’ (search date: 21 
March 2019). The publications identified in the search were 
reviewed manually for their relevance for inclusion in this 
article.

2  Benefit Evaluation

T2DM is a chronic progressive metabolic disorder associ-
ated with, but not limited to, micro- and macrovascular com-
plications and hepatic and renal impairment [50, 51]. The 
following section evaluates the benefit of alogliptin mono-
therapy and add-on/combination therapy based on clinical 
and real-world studies and studies assessing the health eco-
nomic impact of treating diabetes.

2.1  Epidemiology and Natural History of T2DM

In 2016, an estimated 1.6 million deaths were attributable to 
diabetes [52]. The development of T2DM is associated with 
non-modifiable and/or modifiable risk factors [53, 54]. Key 
non-modifiable risk factors include genetic factors, meta-
bolic disturbances, ethnicity, and older age, while modifiable 
factors include obesity, a sedentary lifestyle, an unhealthy 
diet, and smoking [53, 54]. Despite modifiable risk factors, 
the global prevalence of T2DM is expected to rise to 629 
million by 2045 compared with an estimated 425 million 
in 2017. In Asia, T2DM is an increasing epidemic. Stud-
ies have demonstrated ethnic differences in the epidemiol-
ogy and natural history of T2DM [42, 55]. For example, 
although Asians with diabetes generally have a lower body 
mass index (BMI) [55], they have higher insulin sensitivity 
and lower insulin response compared with non-Asians [42]. 
Analyses also suggest that decreased insulin secretion is a 
common cause of T2DM [42, 55] in Asians and, moreover, 
diabetes occurs at a much lower mean BMI than in non-
Asians [55]. Consequently, the choice of and response to 
treatment will differ between ethnicities; for example, insulin 
secretagogues, such as sulfonylureas (SUs), are more com-
monly prescribed in Asians than non-Asians [55].

2.2  Purpose and Outcome of Treatment

The aim of treatment is to help patients achieve glycemic 
control, a quality of life (QoL) similar to those without 

diabetes, and to minimize the risk of long-term compli-
cations [56]. Another objective of T2DM treatment is to 
reduce burden on the economy [56]. Optimal management of 
T2DM is complex [56]. Poorly controlled diabetes can lead 
to complications and negatively impact patient outcomes 
and QoL [50, 51]. Guidelines recommend diet and lifestyle 
changes, followed by administration of one or more oral 
antidiabetic agents or injectable treatment [57] if glycemic 
control is inadequate [56]. Several factors related to antidia-
betes medication should be considered when making treat-
ment decisions, including glycemic control (HbA1c levels), 
pleiotropic effects (e.g., blood pressure), patient preferences, 
existing comorbidities, adverse-effect profile, risk of hypo-
glycemia, and necessity for weight loss [38, 58].

2.3  Mechanism of Action, Pharmacokinetic, 
and Pharmacodynamic Profile

Alogliptin, a highly potent and selective, noncovalent 
inhibitor of DPP-4, was developed using Structure-based 
Drug Design System technology [59]. Notably, alogliptin 
is > 10,000-fold more selective for DPP-4 than DPP-2, -8, 
and -9 [59, 60]; this is particularly important as DPP-8 and 
-9 have been associated with the activation of pro-inflam-
matory caspase-1, which is, in turn, involved in pyropto-
sis [61]. By inhibiting DPP-4 activity, alogliptin slows the 
inactivation of incretin hormones, glucagon-like peptide-1 
(GLP-1), and glucose-dependent insulinotropic polypeptide 
(GIP); GLP-1 and GIP increase insulin secretion and inhibit 
glucagon secretion when glucose levels are high [26, 27]. 
Thus, alogliptin improves glycemic control via a glucose-
dependent mechanism [26, 27].

Alogliptin is rapidly absorbed and evenly distributed in 
the tissues [27, 35]. DPP-4i efficacy requires steady-state 
trough DPP-4 activity inhibition of approximately 80% [62], 
and alogliptin has been shown to suppress this by up to 99% 
after 14 days of once-daily administration at therapeutic 
doses [35]. The absolute bioavailability of alogliptin is 
high (100%) [27], is not significantly affected by food [63], 
and has not been associated with any clinically significant 
interactions with common antidiabetic drugs, such as met-
formin [63], pioglitazone [64] (a thiazolidinedione [TZD]), 
and glyburide (an SU) [64]. Alogliptin does not undergo 
extensive metabolism, and cytochrome P450 (CYP)-related 
metabolism is negligible; thus, no dose adjustments are 
required with concomitant use of CYP substrates or inhibi-
tors [27]. Further, no clinically relevant interactions have 
been observed between alogliptin and p-glycoprotein inhibi-
tors or substrates [26, 27]. For a comparison of the clinical 
pharmacology (pharmacokinetic and pharmacodynamic 
properties) of alogliptin with other DPP-4is, please refer to 
a recent review by Chen et al. (2015) [65].
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2.4  Evidence of Benefit

2.4.1  Clinical Trials

Alogliptin has demonstrated improvements in glycemic con-
trol, as indicated by changes in HbA1c in treatment-naïve 
and previously treated patients in global and Asian phase II/
III placebo-controlled and active-controlled studies, as (1) 
monotherapy [1, 12]; (2) dual therapy (add-on/combina-
tion) with metformin, SUs, TZDs, α-glucosidase inhibitors 
(α-GIs), and insulin [2–5, 13–19, 66–70]; and (3) triple (add-
on) therapy to insulin with or without metformin, and add-
on to metformin with a TZD (Online Resource, Table S1, 
see the electronic supplementary material [ESM]) [6–10, 
15]. Below, we evaluate the effect of alogliptin on glycemic 
control (change in HbA1c) compared with placebo, focusing 
on data from phase III studies that have a primary efficacy 
endpoint of change in HbA1c from baseline to at least week 
12, with most evaluating at week 26.

Alogliptin monotherapy (12.5 mg and 25 mg) resulted 
in significant glycemic control compared with placebo at 
week 26 in treatment-naïve patients with [1] uncontrolled 
T2DM on diet and exercise therapy alone (Online Resource, 
Table S1; both alogliptin doses p < 0.001). In the same study, 
44% of patients achieved HbA1c levels ≤ 7.0% (guideline 
recommended target) [38, 39, 45] and a significant reduction 
in fasting plasma glucose at 26 weeks in the alogliptin group 
compared with placebo (both alogliptin doses; p < 0.001). 
Five other phase III, placebo-controlled, 26-week studies 
in patients with T2DM examined the effect of alogliptin 
dual therapy (with metformin or an SU) [13, 14] or triple 
therapy (with pioglitazone ± metformin or an SU, or with 
insulin ± metformin) [6, 7, 9] on glycemic control. In all five 
studies, 12.5-mg and 25-mg alogliptin doses as add-on treat-
ment demonstrated significant reductions in HbA1c com-
pared with placebo (Online Resource, Table S1; p < 0.001).

The results of a meta-analysis of phase II/III and III 
studies revealed significantly greater reductions in HbA1c 
in Asian patients compared with non-Asian patients who 
received alogliptin (p = 0.02), with similar safety (p = 0.71) 
[71]. These data are further supported by studies investi-
gating alogliptin monotherapy [12], dual therapy (to met-
formin, pioglitazone, α-GI, or insulin) [3–5, 16, 19], and 
triple therapy (to pioglitazone ± metformin) in Asia [10], all 
of which reported a significant reduction in HbA1c levels 
with alogliptin versus placebo (Online Resource, Table S1; 
p < 0.001).

2.4.2  Real‑World Evidence

The efficacy of alogliptin has also been demonstrated in 
a real-world setting, primarily in Japan, via retrospective 
and observational studies. Results from the ATTAK-J study 

conducted in Japanese patients with T2DM revealed a 
0.54% ± 1.22% reduction in HbA1c following 1 year of treat-
ment with alogliptin [25]. In the same study, a significantly 
higher proportion of patients achieved HbA1c levels < 7.0% 
after 3 months of alogliptin treatment compared with base-
line (p < 0.001) [25]. Further analysis revealed that increased 
adherence to diet therapy led to a further reduction in HbA1c 
at 12 months, despite the removal of SU treatment [25]. In 
support of these data, a significant reduction in HbA1c (vs. 
baseline; p = 0.0005) was found in a subgroup of patients 
from a long-term, 3.5-year retrospective study of Japanese 
patients with T2DM receiving alogliptin and SU who either 
did not change their antidiabetic drugs or did not reduce the 
dose or strength of their SU, thus demonstrating the effective 
long-term durability of alogliptin [24].

Prescription patterns of T2DM treatments are chang-
ing as more patients are prescribed newer second-line oral 
treatments, such as DPP-4is, sodium-glucose cotransporter 
2 inhibitors (SGLT2is), and α-GIs [47, 72–76]. A large-scale 
(n = 20,000), 3-year, prospective, observational, real-world 
study (Japan-Based clinical ReseArch Network for Diabe-
tes Registry [J-BRAND Registry]), designed to examine the 
safety and efficacy of alogliptin compared with non-DPP-4i 
oral hypoglycemic agents in Japanese patients with T2DM, 
is ongoing [23]. The J-BRAND Registry study will help 
determine the long-term appropriate use of alogliptin when 
used alone or in combination with other antidiabetic agents.

2.4.3  Tolerability

Data from long-term studies that have evaluated the safety/
tolerability of alogliptin will now be discussed. Treatment-
emergent adverse events (TEAEs) and adverse events of 
special interest (AESIs) will be examined in detail in Sect. 3.

Overall, alogliptin is well-tolerated, as demonstrated in 
long-term studies (≥ 52 weeks), both in a clinical trial and in 
real-world settings [17, 77]. When compared with glipizide 
(an SU) or standard of care (SoC) [17, 77], there were no dif-
ferences observed in the incidence of adverse events (AEs) 
between alogliptin- and comparator-treated patients [17, 77]; 
most AEs were mild in severity [17, 77]. A 1-year retrospec-
tive analysis (ATTAK-J) also revealed low rates of AEs [25] 
in patients with T2DM receiving alogliptin (2.5%; n = 314).

These findings are further supported by a meta-analysis 
examining the efficacy and safety of alogliptin as monother-
apy or combination therapy [78, 79]. Here, the number of 
patients who discontinued due to AEs was not significantly 
different in patients treated with alogliptin versus placebo 
or other antidiabetic control treatments (odds ratio [OR] 
0.83; 95% confidence interval [CI] 0.61–1.58 for aloglip-
tin 12.5 mg; OR 0.98; 95% CI 0.44–1.58 for alogliptin 
25 mg) [78]. Additionally, a systematic review and meta-
analysis examining DPP-4i safety reported that treatment 
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was generally well-tolerated [80]. The study highlighted the 
need for future studies evaluating the effects of DPP-4is on 
heart failure (HF) and acute pancreatitis [80], as discussed 
in Sect. 3.

2.4.4  Convenience and Preference

In chronic conditions, such as T2DM, adherence to treat-
ment is often poor, with an average of approximately 50% in 
developed countries [81]. Decreased adherence leads to poor 
clinical outcomes and QoL, and negatively impacts health-
care costs [57]. To improve treatment adherence, guidelines 
recommend considering patient preferences when determin-
ing optimal T2DM management [38, 45].

One initiative to improve adherence is to understand 
patient preferences for an antidiabetic treatment [38, 39, 45]. 
In a recent US survey conducted in patients with diabetes 
(type 1 or 2), the most influential attributes to patient pref-
erence were treatment regimen (e.g., mode and frequency 
of administration), risk of diarrhea, weight change, risk of 
hypoglycemia, and treatment efficacy [82]. In the same sur-
vey, patients demonstrated a preference for DPP-4is over 
GLP-1 receptor agonists, SGLT2is, SUs, and TZDs due to 
their favorable regimen and risk profile [82]. For example, 
similar to DPP-4is, GLP-1 receptor agonists also target the 
incretin system [38, 39, 83]; however, GLP-1 receptor ago-
nists are injectable, while DPP-4is have oral formulations 
[83]. In a US- and European-based survey, patients signifi-
cantly preferred, and were significantly more likely to prefer, 
a DPP-4i oral formulation to a GLP-1 injectable formulation 
(both p < 0.001) [83]. Additionally, the frequency of admin-
istration is an important regimen-related factor that has been 
linked to both adherence and patient QoL [84]. For instance, 
a once-daily regimen of DPP-4i significantly improved 
Diabetes Therapy-Related Quality of Life 17 questionnaire 
scores from baseline to week 12 when compared with the 
thrice-daily regimen of an α-GI, voglibose (p = 0.034) [84]. 
Furthermore, FDC regimens, similar to alogliptin/metformin 
and alogliptin/pioglitazone formulations, have been shown 
to improve adherence compared with two-pill regimens [85]. 
FDCs could therefore benefit the patient, result in cost-sav-
ings to the healthcare system, and save manufacturing and 
distribution costs [85].

2.4.5  Health Economic Impact

T2DM is associated with significant healthcare costs, plac-
ing a considerable burden on the economy [86]. According 
to the International Diabetes Federation, the global health-
care costs of diabetes treatment and related complications in 
2017 were estimated to be US$850 billion in patients aged 
18–99 years; this expenditure is expected to reach US$958 
billion by 2045 [86]. Interventions to prevent or control 

diabetes, as recommended by guidelines such as those of 
the American Diabetes Association (e.g., intensive glycemic 
control and lifestyle changes) [38], have proven to be cost-
effective [87].

An analysis of 29 randomized controlled trials (RCTs) by 
Pedrazzoli et al. suggested that alogliptin as a monotherapy 
and add-on/combination therapy was more cost-effective 
than other DPP-4is, such as sitagliptin, saxagliptin, and 
linagliptin [88]. The total savings with alogliptin in Europe, 
particularly in combination with metformin, were up to 
€158 per patient-year [PY] based on a higher proportion of 
patients achieving a target HbA1c of < 7%, reduced need for 
alogliptin treatment escalation, better lipid profile, proven 
cardiovascular (CV) safety, lower hypoglycemia incidence, 
and increased adherence to treatment [88]. Notably, aloglip-
tin is available as FDCs; thus, pill burden and pharmacy 
dispensing fees may allow for adherence improvement and 
further cost savings, respectively [89]. Studies have reported 
that alogliptin in combination with metformin is an alterna-
tive, cost-effective treatment compared with SUs in patients 
with T2DM [90, 91]. In a UK study, long-term aloglip-
tin + metformin combination treatment achieved greater 
estimated lifetime quality-adjusted life-year (QALY) gains 
compared with SU + metformin; the associated incremen-
tal cost-effectiveness ratios (ICERs) were £10,959/QALY 
(12.5 mg alogliptin) and £7217/QALY (25 mg alogliptin) 
[90]. Results from a US study showed that DPP-4i + met-
formin therapy had an ICER of US$19,420 per life-year 
gained compared with SU + metformin [91]; incremental 
costs and life-years gained were US$11,849 and 0.61 years, 
respectively [91]. Similarly, in a pharmacoeconomic analysis 
of DPP-4is (sitagliptin, vildagliptin, and alogliptin) in Japan, 
25 mg alogliptin was the second most cost-effective treat-
ment (ICER of ¥102,062 per patient) after 100 mg vildaglip-
tin [92]. Further studies comparing the cost-effectiveness 
of alogliptin in combination with other treatments available 
for T2DM are required, as are health economic analyses 
of alogliptin versus other antidiabetic therapies (e.g., met-
formin) in first-line use (especially in Asian patients).

2.4.6  Alternative Therapies

Below we compare (head-to-head, direct comparisons) 
alogliptin with other antidiabetic treatments recommended 
for patients with T2DM.

Phase III international studies and studies in Asian 
patients have compared the efficacy (change in HbA1c) of 
alogliptin as dual and triple therapy (in combination with 
metformin, pioglitazone, an SU, or metformin + pioglita-
zone) with component monotherapies or an active compara-
tor (Online Resource, Table S1, see the ESM) [5, 9, 15, 17, 
18]. In each study, alogliptin in combination was signifi-
cantly more efficacious in decreasing HbA1c levels versus 



1316 K. Kaku et al.

placebo or component monotherapy (p values from < 0.05 
to < 0.0001; Online Resource, Table S1) [5, 9, 15, 17, 18]. 
However, when used as monotherapies, alogliptin and met-
formin yielded similar results to each other after 26 weeks 
of treatment [5, 18].

Alogliptin as add-on therapy with metformin has dem-
onstrated sustained efficacy in a phase III, international, 
multicenter, 2-year study in patients with inadequate gly-
cemic control who received metformin in combination with 
either alogliptin or an SU (Online Resource, Table S1) [17]. 
Patients receiving alogliptin (12.5 mg and 25 mg) demon-
strated significantly superior HbA1c control and were more 
likely to achieve an HbA1c target of ≤ 7.0% compared 
with the SU, glipizide (both p < 0.001; Online Resource, 
Table S1) [17]. In the same study, a significantly higher pro-
portion of patients receiving alogliptin 12.5 mg or 25 mg 
achieved HbA1c ≤ 7.0% without hypoglycemia or weight 
gain compared with glipizide (glipizide 10.7% vs. aloglip-
tin 12.5 mg 24.2% and alogliptin 25 mg 26.9%; p < 0.001 
for both comparisons) [17]. These data support alogliptin 
as a long-term efficacious and viable treatment option for 
patients with T2DM.

3  Risk Evaluation

Safety evaluations and primarily adverse reaction profiles 
are some of the major considerations physicians face when 
making treatment decisions for patients with T2DM [58]. 
The following section will focus on TEAEs and AESIs based 
on standardized Medical Dictionary for Regulatory Activi-
ties (MedDRA) queries for alogliptin monotherapy and as 
add-on/combination therapy compared directly with placebo 
or active comparators.

Alogliptin was generally well-tolerated in clinical studies 
of up to 4.5 years in duration [2, 17, 93, 94]; mean exposure 
to alogliptin was 40 weeks in patients treated for > 1 year 
[27]. The overall TEAE incidence rates were similar 
between alogliptin and placebo or the active comparator 
(286.1 vs. 283.3 events per 100 PYs, respectively; Fig. 1 
[93]) in the 2016 pooled safety analysis of 20 double-blind 
RCTs by Munsaka et al., which included 16,933 patients 
with T2DM (alogliptin [monotherapy and combination or 
add-on therapy] n = 10,403; comparator [placebo or active-
control] n = 6530; Fig. 1 [93]). In another pooled analysis of 
controlled phase II/III studies, the most commonly reported 
TEAEs occurring in > 3% of patients receiving alogliptin 
25 mg, which were numerically more frequent versus pla-
cebo, were nasopharyngitis, upper respiratory tract infection, 
headache, diarrhea, and urinary tract infection; nasopharyn-
gitis was the only TEAE that occurred more frequently in 
patients receiving alogliptin 25 mg versus an active com-
parator (Table 2) [36]. TEAEs were primarily described as 

mild or moderate in severity in both pooled analyses [36, 
93], with few severe TEAEs [36]. There were no severe 
TEAEs that occurred in > 1.0% of patients in any group in 
the pooled analysis of controlled phase II/III studies [36]. 
The proportion of patients experiencing at least one serious 
adverse event (SAE) was also low and similar between treat-
ment groups (from 3.2% in the placebo to 5.2% in the active 
comparator group) [36]. Cardiac disorders were the most 
commonly reported SAE, which were comparable between 
patients treated with alogliptin 25 mg (1.0%) and active 
comparators (1.2%), yet greater than in patients treated with 
placebo (0.4%) [36]. Most deaths were considered unrelated 
to the study drug; however, in one open-label alogliptin 
extension study, ten deaths (0.003%) were considered to 
have a possible relationship to the study drug [36, 94]. In a 
pooled analysis of 23 phase II–IV RCTs, the proportion of 
patients who discontinued because of a TEAE was lower in 
the alogliptin groups (6.1%) than the placebo group (7.1%), 
but similar to the active comparator group (6.1%) [95]. Data 
from a meta-analysis comparing Asian and non-Asian stud-
ies demonstrated no difference in the number of any AEs 
(11 studies; p = 0.71) or SAEs (15 studies; p = 0.08), as well 
as the number of hypoglycemic events (12 studies; p = 0.58) 
and weight gain (eight studies; p = 0.47) [71].

Based primarily on the pooled safety analysis by Mun-
saka et al., this section will focus on the following AEs 
and AESIs: hypoglycemia, weight gain, CV events, acute 
pancreatitis, skin-related AEs, gastrointestinal events, renal 
failure, and hepatotoxicity [93]. There is limited evidence 
to suggest safety differences between the drugs in the glip-
tin class [96]. Therefore, where data are available, we have 
compared (head-to-head, direct comparisons) the safety of 
alogliptin with placebo and alternative antidiabetic treat-
ments for T2DM (Table 1). Although not considered here, 
there is some evidence for an increase in non-serious infec-
tions, especially low-grade upper respiratory tract infections, 
in patients treated with DPP-4is (including alogliptin) com-
pared with users of other antidiabetic drugs during post-
marketing evaluation [97].

3.1  Hypoglycemia

Hypoglycemia is a common and important complication of 
diabetes therapy, and is associated with diminished QoL, 
aggravated clinical outcomes, and, in severe cases, seizures, 
coma, and death [98]. It can also result in treatment dis-
continuations and increased healthcare costs [99]. Special 
populations, including older patients (aged ≥ 65 years), have 
a higher risk of developing hypoglycemia [11, 100]. Older 
patients, including those who are healthy, are at increased 
risk of developing hypoglycemia [100], and may require 
more careful HbA1c and body weight targets than their 
younger counterparts, as suggested by guidelines [38].
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Generally, in patients with T2DM, hypoglycemic events 
were infrequent or comparable to placebo and mild in 
severity in phase II/III studies of alogliptin monotherapy 
and add-on/combination therapy with metformin, SUs, 
metformin + SU, insulin, metformin + insulin, pioglitazone, 
pioglitazone + metformin, pioglitazone + metformin + SU, 
and an α-GI [1, 3, 7, 8, 12–14, 16, 17, 21, 67, 69, 70, 
101]. Furthermore, incidences of any hypoglycemic event 
occurred in ≤ 8.3% of at-risk, older patients receiving 
alogliptin (12.5 and 25 mg as monotherapy or add-on/com-
bination therapy) versus ≤ 10.5% in patients treated with 
placebo in a pooled analysis of phase II/III studies [11]. In 
the same analysis of older patients, the highest incidences 
of hypoglycemic severity occurred in the placebo group 
(10.5%) [11].

As depicted in Table 1, SU therapy has a higher risk 
of hypoglycemia compared with DPP-4is. While DPP-4is 
as an add-on therapy to SU treatment have been shown to 
increase the risk of hypoglycemia [102], this was contra-
dicted in an international phase III study reported by Prat-
ley et al., which demonstrated that 12.5 and 25 mg aloglip-
tin as add-on therapy to SU treatment did not increase the 

incidence of hypoglycemia [14]. Additionally, the fre-
quency of hypoglycemic events was substantially lower in 
alogliptin + metformin-treated patients (2.5% and 1.4% for 
alogliptin 12.5-mg and 25-mg groups, respectively) versus 
SU + metformin-treated patients (23.2%) in a 2-year study 
(Del Prato et al., 2014; Online Resource, Table S1, see the 
ESM), with the majority of the first hypoglycemia events 
occurring within the first 20 weeks of SU treatment [17]. In 
the same study, severe hypoglycemia was reported in five 
patients receiving an SU compared with one patient in the 
alogliptin 12.5-mg group and none in the 25-mg group [17]. 
Notably, in older patients, alogliptin 25-mg monotherapy 
had a substantially lower risk of hypoglycemia compared 
with SU monotherapy (Rosenstock et  al., 2013; Online 
Resource, Table S1) [101].

Metformin and alogliptin are considered unlikely to cause 
serious hypoglycemia (Table 1) [39, 103]. This is supported 
by an international phase III study [18] and a Japanese 
phase II/III study [70] (Pratley et al., 2014, and Seino et al., 
2012b; Online Resource, Table S1), where patients receiv-
ing alogliptin and metformin monotherapies had a similar 
incidence of hypoglycemia. Yet, in another Asian study (Ji 
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et al., 2017; Online Resource, Table S1), more patients in the 
metformin group (500 mg BID) experienced a hypoglycemic 
event (6.2%) compared with the alogliptin group (12.5 mg 
BID; 1.2%) [5]; further studies may be required to compare 
the risks of hypoglycemia in the Asian population.

Compared with SoC, alogliptin significantly lowered 
HbA1c levels without increasing hypoglycemia (0.3% vs. 
SoC 0.1%; p = 0.004) after 104 weeks of treatment in the 
Study of Preventive Effects of Alogliptin on Diabetic Ather-
osclerosis (SPEAD-A), a 104-week multicenter, open-label, 
blinded endpoint, parallel study comparing alogliptin with 
SoC in Japanese patients with T2DM [77].

In summary, although alogliptin monotherapy is unlikely 
to cause serious hypoglycemia, treating physicians should 
remain vigilant if DPP-4is, such as alogliptin, are used as 
add-on treatments to SUs and insulin therapies, which have 
a moderate-to-high risk of hypoglycemia (Table 1) [102].

3.2  Weight Gain

Approximately 58–90% of patients with T2DM are over-
weight or obese [104]; hence, lifestyle changes to prevent 
weight gain are important for glycemic control and CV 
health [38, 56]. Phase II/III studies have demonstrated that 
alogliptin monotherapy and add-on/combination therapy 
decreased HbA1c levels with minimal changes in weight 

gain versus placebo [2, 7, 12, 14, 17, 21, 70]. However, it 
should be noted that DPP-4is may have lower efficacy in 
obese patients because DPP-4 induces insulin resistance in 
adipocytes that are found in the circulation of overweight 
and obese patients [105]. These findings are also supported 
by a retrospective study that demonstrated that the efficacy 
of DPP-4i monotherapy was significantly decreased in diets 
high in saturated fatty acids (multiple regression analysis; 
p < 0.01) [106], highlighting the importance of diet therapy 
and avoiding weight gain [38, 39, 45, 106].

Weight gain is a major side effect with TZDs, SUs, and 
insulin therapies [38, 107], as summarized in Table 1. So 
far, there have only been three comparison studies between 
TZDs or SUs and alogliptin treatment. Data from an inter-
national phase III study (DeFronzo et al., 2012; Online 
Resource, Table  S1, see the ESM) showed decrease in 
body weight was modest but significantly lower in patients 
receiving alogliptin (− 0.02 and − 0.7 kg for alogliptin 12.5 
and 25 mg, respectively) versus the pooled pioglitazone 
group (+1.5 kg pooled 15, 30, and 45 mg pioglitazone) [9]. 
Similarly, in a 2-year study (Del Prato et al. 2014; Online 
Resource, Table S1), weight gain was significantly greater in 
patients treated with SU + metformin compared with aloglip-
tin (12.5 or 25 mg) + metformin (both doses p < 0.001) [17]. 
Of note, treatment with 25 mg alogliptin in older patients 
resulted in a modest but significant decrease in body weight 

Table 2  Most common adverse 
events in a pooled analysis of 
randomized controlled phase II 
and III studies with alogliptin 
[95]

Table shows TEAEs occurring in ≥ 3% of patients in any group. Table is ordered in descending frequency 
of TEAEs in the alogliptin total group
TEAE treatment-emergent adverse event, URTI upper respiratory tract infection, UTI urinary tract infection
a Also includes patients who received 6.25-, 50-, and 100-mg alogliptin doses

Adverse event Placebo 
(n = 4349)

Active 
comparator 
(n = 2496)

Alogliptin 
12.5 mg 
(n = 2944)

Aloglip-
tin 25 mg 
(n = 8068)

Alogliptin total 
(n = 11,299)a

Any TEAE, n (%) 3001 (69.0) 1716 (68.8) 1944 (66.0) 5486 (68.0) 7586 (67.1)
 Nasopharyngitis 217 (5.0) 125 (5.0) 216 (7.3) 461 (5.7) 691 (6.1)
 Hypertension 233 (5.4) 122 (4.9) 108 (3.7) 375 (4.6) 484 (4.3)
 URTI 143 (3.3) 124 (5.0) 140 (4.8) 318 (3.9) 461 (4.1)
 Headache 112 (2.6) 124 (5.0) 121 (4.1) 295 (3.7) 426 (3.8)
 Diarrhea 144 (3.3) 141 (5.6) 110 (3.7) 302 (3.7) 415 (3.7)
 UTI 138 (3.2) 109 (4.4) 116 (3.9) 277 (3.4) 402 (3.6)
 Back pain 109 (2.5) 102 (4.1) 107 (3.6) 246 (3.0) 359 (3.2)
 Arthralgia 84 (1.9) 85 (3.4) 85 (2.9) 199 (2.5) 287 (2.5)
 Influenza 74 (1.7) 99 (4.0) 74 (2.5) 186 (2.3) 261 (2.3)
 Dizziness 93 (2.1) 78 (3.1) 74 (2.5) 179 (2.2) 259 (2.3)
 Renal impairment 177 (4.1) 6 (0.2) 7 (0.2) 220 (2.7) 227 (2.0)
 Angina pectoris 197 (4.5) 10 (0.4) 10 (0.3) 214 (2.7) 225 (2.0)
 Dyslipidemia 63 (1.4) 96 (3.8) 42 (1.4) 158 (2.0) 200 (1.8)
 Hyperglycemia 136 (3.1) 43 (1.7) 11 (0.4) 145 (1.8) 156 (1.4)
 Angina unstable 140 (3.2) 7 (0.3) 3 (0.1) 121 (1.5) 124 (1.1)
 Hypoglycemia 164 (3.8) 100 (4.0) 22 (0.7) 192 (2.4) 215 (1.9)
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compared with SU therapy after 1 year of treatment (− 0.62 
vs. 0.60 kg; p < 0.001) [101].

For alternative therapies, such as metformin, the risk of 
weight gain is neutral/less compared with neutral for DPP-
4is (Table 1). This is supported by a phase III study (Pratley 
et al., 2014; Online Resource, Table S1), where metformin 
monotherapy led to the greatest weight reduction (− 0.80 
and − 1.25 kg with metformin 500 and 1000 mg BID, 
respectively), while alogliptin monotherapy was weight 
neutral (− 0.01 kg with alogliptin 12.5 mg BID) [18]. Com-
pared with SoC, the mean change in BMI was significantly 
lower in alogliptin-treated patients (0.3 ± 1.9 kg/m2 vs. 
20.3 ± 1.7 kg/m2 in the SoC group; p = 0.003) [77].

Hence, as TZDs, SUs, and insulin are associated with 
weight gain [39], it is recommended that treating physicians 
remain vigilant with respect to weight gain, particularly in 
patients receiving add-on therapy to alogliptin or combina-
tion therapy.

3.3  CV Events

T2DM is strongly associated with micro- and macrovascu-
lar complications, with almost 50% of patients developing 
HF [50, 108]. In 2008, the US Food and Drug Administra-
tion (FDA) issued specific guidance for assessing the CV 
safety, pre- and post-approval, of new antidiabetic agents 
[2]. Subsequently, in 2018, the American Diabetes Associa-
tion released an update of the “Standards of Medical Care 
in Diabetes” document, including, for the first time, new 
recommendations for patients with T2DM and heart disease 
around choosing medications proven to improve heart health 
[109]. These recommendations have been carried over to 
the 2019 update [110], emphasizing the importance of CV 
health in diabetes management. Currently, these guidelines 
recommend SGLT2is and GLP-1 receptor agonists [110]; 
meta-analyses investigating the CV safety of DPP-4is have 
demonstrated a neutral effect of these agents on major CV 
endpoints and all-cause death [111].

The pivotal Examination of Cardiovascular Outcomes 
with Alogliptin versus Standard of Care (EXAMINE) 
study evaluated the effect of alogliptin in addition to SoC 
for diabetes (excluding DPP-4is and GLP-1 receptor ago-
nists) on CV-related outcomes in 5380 T2DM patients who 
had recently experienced acute coronary syndrome. Rates 
of major adverse CV event (MACE) incidences (CV death, 
non-fatal myocardial infarction [MI], or non-fatal stroke) 
were similar between the alogliptin and placebo groups 
(11.3% and 11.8% of patients, respectively; hazard ratio 
[HR] 0.96; upper boundary of one-sided repeated CI 1.16; 
p < 0.001 for non-inferiority) [2]. Secondary and post hoc 
analyses from the EXAMINE study [2, 108, 112–114] fur-
ther supported these findings, demonstrating no significant 
differences between alogliptin- and placebo-treated patients 

in the five-component composite CV endpoint (CV death, 
stroke, MI, unstable angina, and coronary revascularization; 
p = 0.72) [113], CV hospitalizations (p = 0.70) [113], and 
mortality (HR 0.88; 95% CI 0.71–1.09) [115]. In another 
subgroup, rates of CV death (p = 0.01) and all-cause mor-
tality (p = 0.033) were significantly lower in the alogliptin 
group versus placebo [114] in patients receiving either met-
formin or an SU as SoC. It should be noted, however, that 
the composite outcome in a subgroup of high-risk patients 
with previous history of HF displayed trends of reduced CV 
death and increased hospital admission for HF in the post 
hoc analysis by Zannad et al., suggesting that survivor bias 
cannot be ruled out [108].

Previously, there had been concern with respect to the 
increased risk of CV complications with concomitant use of 
DPP-4is and angiotensin-converting enzyme (ACE) inhibi-
tors, a commonly prescribed class of drug for HF. High 
doses of ACE inhibitors prevent degradation of substance 
P, and as it is a DPP-4 substrate, it was hypothesized that the 
combination of both inhibitors could lead to stimulation of 
substance P, activation of the sympathetic nervous system, 
and a subsequent increase in the risk of CV complications 
[22]. An ACE inhibitor was used by 62% of patients in the 
EXAMINE trial, and a stratified analysis from the EXAM-
INE study revealed no differences between the alogliptin and 
placebo groups with respect to composite rates for CV death 
and HF in patients also receiving ACE inhibitors (p = 0.57) 
[22].

There is ongoing debate whether DPP-4is increase the 
risk of HF and the underlying mechanisms [116, 117]. A 
meta-analysis of the effect of DPP-4is on HF risk using con-
trolled trials and observational studies found either a similar 
risk of HF between DPP-4is and control medications in con-
trolled studies, or a possible increased risk in observational 
studies [118]; however, the evidence was of low or very low 
quality, leading the authors to conclude that the effect was 
uncertain. Post-marketing reports of HF in patients receiving 
linagliptin, saxagliptin, sitagliptin, and vildagliptin submit-
ted via the FDA AE reporting system (FAERS) suggest that 
the CV safety of this class requires further monitoring [119, 
120], while a Korean population-based cohort study found 
no increased risk of HF with DPP-4is versus SUs [121]. 
In contrast, another population-based study from Korea 
demonstrated a significantly increased risk of hospitaliza-
tion for HF with DPP-4is versus SUs [122]. Further studies 
designed to examine the CV effect of alogliptin are ongoing, 
including the TRACT study, which aims to clarify possible 
anti-atherogenic effects by means of fractional flow reserve 
in Japanese patients with T2DM [123]. Nevertheless, warn-
ings about HF risk have been added to the labels of several 
DPP-4is, including saxagliptin [124], alogliptin [26], and 
vildagliptin [125]. In contrast, other therapies, particularly 
GLP-1 receptor agonists (e.g., semaglutide and liraglutide) 
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and SGLT2is (e.g., canagliflozin and empagliflozin), appear 
to have protective effects against CV disease [126].

There have been limited comparisons between alter-
native therapies and alogliptin for CV events, with a few 
studies each examining SoCs, metformin, SUs, or TZDs 
with alogliptin [9, 17, 18, 77, 101]. Similar to the pooled 
analysis described above [93], overall incidences of CV AEs 
were similar in Japanese patients with T2DM treated with 
alogliptin or SoC in the SPEAD-A study [77]. Moreover, 
alogliptin, but not SoC treatment, attenuated the progression 
of carotid intima-media thickness by week 104 relative to 
baseline [77]. In a comparison with metformin, the inci-
dences of MACE were low in the alogliptin monotherapy 
group (one and two events in the alogliptin 25-mg once-daily 
and alogliptin 12.5-mg BID groups, respectively) in a phase 
III study (no MACE were reported for the metformin mono-
therapy group [18]; Pratley et al. 2014, Online Resource, 
Table S1, see the ESM). There was a trend towards lower 
confirmed MACE incidences (CV death, non-fatal MI, or 
non-fatal stroke) in the alogliptin + metformin group (0.7% 
and 0.9% for alogliptin 12.5 mg and 25 mg, respectively) 
compared to in the SU + metformin group (1.3%) in a 2-year 
phase III study [17]. In a separate phase III study (DeFronzo 
et al., 2012; Online Resource, Table S1), two cases of con-
gestive HF were reported in pioglitazone-treated patients 
(one possibly related to therapy), while no cases were 
reported with alogliptin monotherapy and alogliptin add-on 
to pioglitazone [9]. Consensus statements recommend cau-
tion when administering TZDs to patients with New York 
Heart Association (NYHA) class I–II HF and to avoid use 
in NYHA class III–IV.

3.4  Bile Duct, Gallbladder, and Pancreatic Safety

In 2013, based on case reports and the results of one obser-
vational study, the FDA added warnings about acute pan-
creatitis to DPP-4i labeling [127, 128]. Since 2013, post-
marketing reports have suggested an association between 
DPP-4is, including alogliptin, and acute pancreatitis [27, 
129]. However, results from the EXAMINE study reported 
comparable incidences of acute pancreatitis between aloglip-
tin- and placebo-treated patients with diabetes and high CV 
risk (alogliptin n = 12/2701 [0.4%]; placebo n = 8/2679 
[0.3%]); more importantly, no cases were fatal [2]. Further-
more, no cases of pancreatitis were reported in a Japanese 
study comparing alogliptin + metformin-treated and pla-
cebo-treated patients [70].

There have been a few studies comparing the incidence 
of acute pancreatitis in alogliptin-treated and active compar-
ator-treated patients; these include a pooled study and SU 
analyses. The incidence of acute pancreatitis in alogliptin-
treated patients was low and similar to comparators (pla-
cebo and active) in a pooled analysis of 20 RCTs (0.22 vs. 

comparators 0.15 incidences per 100 PYs; Fig. 1 [93]). In 
alogliptin versus SU studies, one year-long study demon-
strated no incidences of pancreatitis in both monotherapy 
groups [101]. Additionally, in a 2-year, phase III study (Del 
Prato et al., 2014; Online Resource, Table S1, see the ESM), 
pancreatitis occurred in one patient (0.1%) in the alogliptin 
25-mg + metformin group and three (0.3%) in the SU + met-
formin group [17]. Nonetheless, treating physicians are 
advised to remain vigilant of the association between DPP-
4is and acute pancreatitis when making treatment decisions.

Some observational studies and post-marketing reports 
have described an increase in the risk of pancreatic can-
cer and cholangiocarcinoma in patients exposed to DPP-4is 
[130]. However, other studies have failed to demonstrate 
an association between DPP-4i use and pancreatic cancer 
[131–133], and one Korean registry study even reported a 
reduction in the risk of malignancy for DPP-4is compared 
with metformin (HR 0.57; 95% CI 0.51–0.64) [134]. While 
further studies are required to determine if there is a genu-
ine class or even drug-specific effect, doctors must be alert 
to the potential risk of late-onset pancreatic malignancy in 
T2DM patients receiving DPP-4i treatment. Use of DPP-4is 
does not appear to increase the risk of bile duct or gallblad-
der diseases (cholelithiasis, cholecystitis, and cholangitis) 
compared with the use of at least two oral antidiabetic drugs 
from other classes [135].

3.5  Skin‑Related Adverse Events

Skin-related AEs, including allergic reactions, have been 
monitored as a result of concerns from preclinical evaluation 
in monkeys and reports of hypersensitivity reactions with 
other DPP-4is [36]. In a pooled analysis, alogliptin was asso-
ciated with a low incidence of hypersensitivity reactions, 
with 0.2% of patients developing an anaphylactic reaction 
compared with 0% for placebo [36]. Data from post-market-
ing experiences with alogliptin show that skin and subcuta-
neous disorders were the most common events reported by 
system organ class (124 non-serious and 18 serious) [36].

Recent studies suggest that DPP-4 inhibition is associ-
ated with bullous pemphigoid [136–141]. Although the 
HLA-DQB1*03:01 gene is not commonly associated with 
general bullous pemphigoid or T2DM, a study conducted in 
Japanese patients revealed a potential association between 
DPP-4i treatment and onset of non-inflammatory bullous 
pemphigoid [137]. Several observational studies, including 
reports of adverse drug reactions in pharmacovigilance data-
bases, have demonstrated differential effects of individual 
DPP-4is on the risk of bullous pemphigoid, implying a drug-
specific effect [136–141]. The risk of bullous pemphigoid 
appears to be highest among patients exposed to vildaglip-
tin, whereas patients exposed to alogliptin appear to have a 
relatively low risk of developing the complication. Further 
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research is required to understand the mechanisms underly-
ing these observations.

3.6  Inflammatory Bowel Disease

Gastrointestinal side effects are an AESI and one of the 
main factors influencing patient preference [82]. Aloglip-
tin treatment has demonstrated comparable rates of diar-
rhea to pioglitazone after 26  weeks of treatment, as 
reported in the DeFronzo et al., 2012 study (alogliptin 12.5 
or 25 mg + pioglitazone [15, 30, and 45 mg] and pooled 
pioglitazone monotherapy groups [2.3%, 5.1%, and 3.6%, 
respectively]) [9]. Additionally, patients treated with aloglip-
tin (12.5 and 25 mg) and an SU as add-on to metformin 
had similar incidences of diarrhea (6.9%, 6.8% and 7.2%, 
respectively) [17].

To date, there has only been one observational study 
examining the association between DPP-4is and inflam-
matory bowel disease (IBD) activity [142]. Abrahami et al. 
reported that the HR for IBD in patients receiving DPP-
4i therapy versus other antidiabetic treatments was 1.75 
(95% CI 1.22–2.49), which gradually increased, peaking 
3–4 years after starting DPP-4i treatment (HR 2.90; 95% 
CI 1.31–6.41); yet, the HR decreased after the 4-year peak 
[142]. The increased incidence rate for IBD in patients 
receiving DPP-4i treatment may be a consequence of the 
involvement of DPP-4 in several immune responses [143]. 
Further studies are required to examine the association 
between IBD and DPP-4is, especially as the long-term use 
of DPP-4is increases, and treating physicians should remain 
aware of this potential association when making treatment 
decisions.

3.7  Renal Failure

Diabetes is one of the leading causes of CKD, which affects 
40% of patients [144]. A pooled analysis has suggested that 
diabetes, hypertension, or a combination of the two were the 
cause of over 80% of ESRD cases [145].

At the time of writing, there were few studies of aloglip-
tin treatment in patients with CKD; however, in the studies 
available, alogliptin has been generally well-tolerated and 
efficacious [27, 36, 146–148]. For example, no increases in 
occurrence of AEs including hypoglycemia were reported 
at week 48 in a study examining alogliptin treatment (mono-
therapy and add-on therapy [mitiglinide and/or α-GI]) in 
Japanese HD-CKD patients (n = 30); a significant reduction 
in interdialytic body weight gain (p = 0.04) was observed in 
the alogliptin as add-on treatment arm. Moreover, HbA1c 
and glycated albumin levels were significantly reduced ver-
sus baseline levels (p < 0.0001) [146]. These observations 
are further supported by the results of a 2-year study exam-
ining alogliptin treatment in Japanese HD-CKD patients, in 

which treatment was well-tolerated and HbA1c levels had 
significantly decreased after 2 years (p < 0.05) [147]. In the 
real-world setting, alogliptin treatment maintained renal 
function after 6 months of treatment in Japanese non-dialysis 
CKD patients [148]. Of note, in the 25-mg alogliptin group, 
pruritus was the only AESI with ≥ 1% incidence in patients 
with mild or moderate renal impairment versus patients with 
normal renal function at baseline [36]. Further studies are 
warranted to examine the effect of alogliptin on renal func-
tion in a real-world setting.

Dose adjustments for many of the recommended anti-
diabetic agents [27, 149] are mandated in renally impaired 
patients with T2DM. In the published literature, there are 
limited comparisons examining the effect of alogliptin ver-
sus other antidiabetic agents on renal function in patients 
with T2DM and no CKD. For example, there was no statisti-
cally significant difference in estimated GFR from baseline 
to week 104 between alogliptin (− 1 ± 10 mL/min/1.73 m2) 
and SoC (0 ± 10 mL/min/1.73 m2; p = 0.27) in the SPEAD-
A study [77]. Additionally, cumulative incidences of ESRD 
were comparable between alogliptin + metformin and 
SU + metformin groups in a 2-year observational study 
(4.78% and 4.66% for alogliptin [12.5 and 25 mg, respec-
tively] + metformin and 4.86% for SU + metformin [90], 
respectively).

3.8  Hepatotoxicity

The liver plays a key role in the pathogenesis of diabetes, 
with the care of diabetes both affected by, or causing effects 
on, the liver [150]. Hepatic abnormalities, such as cirrhosis, 
are estimated to account for 4.4–12.5% of deaths in patients 
with diabetes [151].

Results from pharmacokinetic studies have demonstrated 
that alogliptin exposure was not affected in patients with 
mild or moderate hepatic impairment [27, 37] (Child–Pugh 
grade A and B), and therefore dose adjustments are not 
required in this setting. However, the pharmacokinetic pro-
file of alogliptin has not yet been examined in patients with 
severe hepatic impairment (Child–Pugh grade C) and there-
fore alogliptin is not currently recommended for this patient 
population [27]. Findings from a single-arm, 12-month, 
multicenter study evaluating alogliptin (25 mg) efficacy in 
patients with T2DM and non-alcoholic fatty acid disease 
suggested that alogliptin may prevent progression of non-
alcoholic fatty liver disease with early T2DM [152].

In the EXAMINE study, there was a numerical increase 
in the number of patients with increased liver enzymes with 
alogliptin versus placebo (although there were no statistical 
differences in serum aminotransferase values > 3 × the upper 
limit of normal at any time) [2], and there were subsequent 
post-marketing reports of alogliptin-associated hepatotoxic-
ity [153] that prompted some debate; a subsequent analysis 
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of the FAERS showed no hepatotoxicity signal for alogliptin 
and significant associations for sitagliptin, saxagliptin, and 
vildagliptin [154]. Currently, there is insufficient evidence 
to confirm whether alogliptin was the cause of the fatal and 
non-fatal hepatic failure documented in post-marketing 
reports; nevertheless, alogliptin should be administered with 
caution in patients with abnormal liver tests [27] and should 
be discontinued in patients with suspected hepatotoxicity 
[27].

3.9  Risk Evaluation for All DPP4is in Real‑World 
Studies

Observational studies have shown that DPP-4is are associ-
ated with fewer gastrointestinal side effects than metformin, 
GLP-1 receptor agonists, and acarbose, and less hypoglyce-
mia than SUs and insulin (reviewed by Scheen, 2018 [117]). 
Weight gain is also less with DPP-4is than with SUs, gli-
tazones, and insulin [117]. Any potential increased risk of 
acute pancreatitis has not been confirmed in observational 
studies [117]. While the data from observational studies 
regarding HF is somewhat conflicting, there does not appear 
to be an increased risk of HF or hospitalization for HF with 
DPP-4is compared with other glucose-lowering agents in 
this setting [117]. With regard to CV outcomes, observa-
tional studies show reductions with DPP-4is versus other 
glucose-lowering agents in MACE, MI, stroke, and CV- and 
all-cause mortality.

In the ATTAK-J study, 12  months of alogliptin had 
no significant effect on body weight, blood pressure, or 
liver function [25]. Both total and low-density lipoprotein 
(LDL)-cholesterol were significantly reduced from base-
line at 12 months (− 6.84 and − 7.22 mg/dL, respectively; 
p = 0.023 and p = 0.001). There was a significant increase 
in serum creatinine and a significant decrease in estimated 
GFR. The incidence of hypoglycemia was 0.6%. A reduction 
in LDL-cholesterol was also seen in the long-term obser-
vational study of Japanese patients with T2DM receiving 
alogliptin (106.5 ± 25.0 to 96.3 ± 20.9 mg/dL; p = 0.0406) 
[24].

4  Expert Opinion

With more classes of antidiabetic agents available than ever 
before, physicians have to consider multiple factors, such 
as glycemic control, patient preferences, safety profile, risk 
of hypoglycemia, and necessity for weight loss [38, 58], 
when determining patient-centric, optimal management of 
T2DM [38, 39, 45, 58]. Alogliptin is an effective therapy 
that acts synergistically with agents including metformin 
and pioglitazone to provide superior efficacy compared with 

component monotherapies, as well as SU + metformin com-
bination therapy [5, 9, 15, 17, 18, 66, 77].

From a safety perspective, alogliptin is generally well-
tolerated, with a low risk of hypoglycemia, weight gain, 
acute pancreatitis, and hepatotoxicity [1–3, 7, 8, 11–14, 
17, 18, 21, 27, 37, 67, 69, 70, 93, 101]. Dose adjustments 
are required in patients with moderate renal impairment to 
ESRD, and caution is required in patients with renal and/
or hepatic impairment [27, 36, 146–148]. Although the 
EXAMINE study and post hoc analyses demonstrated that 
alogliptin is well-tolerated in patients with a high HF risk [2, 
108, 112–115], there are not currently enough data available 
to determine the cause and effect of alogliptin on the risk of 
HF [117]. Similarly, while there are new potential concerns 
for DPP-4i treatments, such as bullous pemphigoid and IBD 
[137, 142], further evaluation is required.

Alogliptin generally exhibits a favorable safety profile, 
with an incidence of 286.1 TEAEs per 100 PYs [93], com-
pared with active comparators (283.3 TEAEs per 100 PYs). 
For alogliptin, the risk of hypoglycemia is decreased versus 
SoCs and SUs [17, 77, 101] or comparable versus metformin 
[18, 39, 70, 155]; risks for acute pancreatitis are low and 
comparable to SUs [17]; gastrointestinal AE risks are com-
parable to SUs and TZDs [9, 17]; CV risks are less than 
with SoCs and metformin [18, 77], and possibly with SUs 
and TZDs [9, 17], although alogliptin cannot be considered 
to have the same cardioprotective effects as GLP-1 receptor 
agonists and SGLT2is [126]. Furthermore, weight gain risks 
are less with alogliptin versus TZDs, SUs, and SoCs [9, 17, 
77], but increased versus metformin [18]; as the efficacy of 
DPP-4i monotherapy is decreased in diets high in saturated 
fatty acids, avoidance of weight gain through diet therapy is 
an important consideration.

The main limitation of the current benefit-risk assessment 
is the lack of statistical analyses, including data reported in 
post-marketing databases, such as the FAERS. However, we 
anticipate that this assessment is a useful aid to physicians 
when choosing an optimal therapy for T2DM management 
for their patient.

5  Conclusions

Alogliptin treatment is one of the suitable medications for 
patients with T2DM who require glycemic control, with a 
low risk of hypoglycemia, weight gain, and gastrointestinal 
AEs, and for those who prefer a once-daily oral regimen, 
with caution required in those who have underlying CV 
risks. Notably, alogliptin has demonstrated greater efficacy 
in Asian patients than in non-Asian patients with T2DM, 
while maintaining a similar tolerability profile. This sug-
gests that DPP-4is, including alogliptin, represent important 
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treatment options, especially for Asian patients with T2DM, 
for whom they have potential as a first-line therapy.
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