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ABSTRACT

Introduction: It is important to capture the
patient experience with a diabetes treatment in
clinical trials; however, use of instruments to
assess patient-reported outcomes (PROs) in
diabetes trials is inconsistent and results may
not be reported alongside primary efficacy data.
In lieu of head-to-head data, indirect compar-
isons can be used to compare competing inter-
ventions. In this study, we used indirect
comparison methods to assess differences in
PRO score changes between canagliflozin and
other antihyperglycemic agents as add-on to
metformin.
Methods: Literature searches were performed
to identify studies that reported the same PRO

instruments that were collected across four
trials of canagliflozin in dual or triple therapy.
Extensive searches identified only one study
that was sufficiently similar in design and
reported common PRO results using the
Impact of Weight on Quality of Life-Lite
(IWQoL-Lite): the DURATION-2 study of exe-
natide once-weekly (QW) versus sitagliptin and
pioglitazone. This study was compared with
the CANTATA-D study of canagliflozin versus
sitagliptin. Bayesian indirect comparisons were
performed to assess mean change in IWQoL-
Lite total score. A fixed-effects model with
noninformative priors was used to estimate
between-treatment differences. Sensitivity
analyses examined differences in trial
populations.
Results: In the primary analysis, the probability
that canagliflozin treatment results in greater
improvement in IWQoL-Lite total score versus
exenatide, sitagliptin, and pioglitazone was
60.0%, 89.9%, and 99.5%, respectively. When
the CANTATA-D population was restricted
using DURATION-2 inclusion/exclusion crite-
ria, canagliflozin was also associated with a
higher probability of having greater improve-
ment in IWQoL-Lite than exenatide, sitagliptin,
and pioglitazone.
Conclusions: These findings suggest that
improvements in the impact of weight on
health-related quality of life may be greater with
canagliflozin than exenatide, sitagliptin, and
pioglitazone. This analysis also demonstrates
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the application of indirect comparison
methodology to PRO data and provides exam-
ples of advantages and challenges associated
with performing indirect comparisons of PRO
data.
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INTRODUCTION

Lowering blood glucose levels is the primary
goal of type 2 diabetes mellitus (T2DM) man-
agement [1]. Trials evaluating new T2DM ther-
apies are designed to measure changes in
glycated hemoglobin (HbA1c) levels [2]; how-
ever, glycemic endpoints and other clinical
measurements may not fully capture the patient
experience with treatment. The potential
inclusion of endpoints beyond glycemic effi-
cacy in T2DM trials has received attention from
the US Food and Drug Administration, which
held a workshop to discuss outcomes that are
relevant and important to people living with
T2DM [3]. These additional measures may
include patient-reported outcomes (PROs),
which can be used to provide concrete and cost-
effective ways to track relationships between
physical changes, such as weight gain or loss,
and changes in self-care behaviors and health-
related quality of life [4]. Tracking such changes
is particularly important in T2DM because self-
care behaviors such as healthy eating, physical
activity, daily monitoring activities, medication
adherence, and risk reduction strategies are
integral to disease management [5]. However, it
can be challenging for people with T2DM to be
motivated to adhere to healthy behaviors
symptoms with benefits that are often not
immediately tangible, but rather develop over
the long term. Furthermore, negative side
effects of some antihyperglycemic agents
(AHAs) can be disincentives to medication
adherence and disease management behaviors
[6].

Weight-related PROs are particularly impor-
tant in T2DM because more than 85% of people

with T2DM are overweight and more than 50%
are obese [7]. Recent studies have shown that
weight reduction in even modest amounts (e.g.,
2–3 kg) can improve a person’s weight-related
quality of life and satisfaction with physical and
emotional health [6]. In addition, weight loss of
approximately 5–10% has been associated with
a higher likelihood of achieving clinically
meaningful changes in glycemic control [8].
While glycemic control is the fundamental goal
in the treatment of T2DM, adherence to
behaviors that promote glycemic control may
be critically undermined by a lack of simulta-
neous weight management [9]. Weight man-
agement can be especially challenging for
patients who use antihyperglycemic agents that
are associated with weight gain (e.g., insulin,
sulfonylureas, thiazolidinediones), as treat-
ment-related weight gain can compromise
weight-management efforts, glycemic control,
and motivation to perform disease management
behaviors. Newer treatments developed for
T2DM have been shown to be weight neutral
[e.g., dipeptidyl peptidase-4 (DPP-4) inhibitors]
or to promote weight reduction [e.g., glucagon-
like peptide-1 receptor agonists and sodium
glucose co-transporter 2 (SGLT2) inhibitors] [1].
Beyond glycemic control and weight loss, some
of these newer agents also offer a range of
additional benefits, such as blood pressure
reduction and a low risk of hypoglycemia
[8, 10].

Canagliflozin is an SGLT2 inhibitor approved
as an adjunct to diet and exercise to improve
glycemic control among adults with T2DM. In
clinical trials, canagliflozin improved HbA1c
levels and reduced body weight in a broad range
of subjects with T2DM as monotherapy and in
combination therapy [11]. The canagliflozin
clinical program included head-to-head ran-
domized controlled trials of canagliflozin versus
sitagliptin (dual therapy with metformin and
triple therapy with metformin plus sulfony-
lurea) and glimepiride (dual therapy with met-
formin) [12–14]. In dual therapy, canagliflozin
100 mg demonstrated noninferiority and cana-
gliflozin 300 mg demonstrated superiority in
HbA1c lowering versus sitagliptin and glime-
piride at 52 weeks [12, 14]; canagliflozin 300 mg
demonstrated superiority in HbA1c lowering
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versus sitagliptin in triple therapy at 52 weeks
[13]. Both canagliflozin doses significantly low-
ered body weight compared with sitagliptin and
glimepiride in the three head-to-head trials
[12–14]. In addition to direct comparisons in
clinical trials, network meta-analyses of clinical
trial data have been performed to provide indi-
rect comparisons of efficacy with canagliflozin
versus other antihyperglycemic agents. These
analyses have shown that HbA1c reductions
and weight loss with canagliflozin as
monotherapy and in dual and triple therapy
were generally similar or greater versus other
antihyperglycemic agents, including insulin,
sulfonylureas, DPP-4 inhibitors, and other
SGLT2 inhibitors [15–17]. Together with previ-
ous analyses demonstrating a relationship
between weight-related quality of life and
weight loss [4, 6], these findings imply that
canagliflozin-associated weight loss may pro-
vide greater improvements in many aspects of
health-related quality of life compared with
other antihyperglycemic agents across lines of
therapy. However, data from head-to-head
comparative trials are not currently available to
test this hypothesis, and indirect comparisons
of PRO data with canagliflozin have not been
performed.

Lack of direct comparisons are not unique to
PROs, and the need for comparative effective-
ness data has motivated international organi-
zations to develop guidelines on appropriate
methods for indirect comparisons of clinical
outcomes [18–22]. Network meta-analyses have
been used to evaluate differences between
multiple treatment regimens with respect to
clinical outcomes in various therapeutic areas
[23, 24]. Although the application of indirect
comparisons to PRO data is a logical extension,
few indirect comparisons have been performed
using these data. A likely contributor to the
paucity of indirect comparisons is the wide
variety of instruments being used to capture
different health-related quality of life concepts
in clinical trials [25–27]. For example, 20 dif-
ferent PRO instruments have been used in
clinical trials of recently approved antihyper-
glycemic agents [28]. Several instruments can be
used to measure the same or similar concepts;
however, comparing results from different

instruments has the potential to introduce bias
and heterogeneity [29]. Even when the same
instrument is used in different trials, indirect
comparison is difficult if the trials were of dif-
ferent length, if PRO assessments were con-
ducted at different time points, if different
comparators were used, or if the results were not
presented separately by treatment groups. In
addition, because PROs are usually not the pri-
mary endpoint in large-scale studies, PRO
results may not be published, resulting in sig-
nificant reporting bias [30]. Furthermore, unlike
traditional biomarker endpoints, PROs can be
sensitive to cultural differences, so indirect
comparison may not provide fair assessments if
studies were conducted in culturally different
geographic regions.

The goal of this analysis was to apply indirect
comparison methods to assess differences in
changes in PROs between canagliflozin and
other antihyperglycemic agents using published
results from randomized controlled trials. In
addition, this manuscript describes some key
considerations when performing indirect com-
parisons using PRO data.

METHODS

Literature Search Criteria and Trial
Identification

Extensive literature searches were conducted to
identify relevant publications for comparison
using MEDLINE, MEDLINE-In-Process, Embase,
and Cochrane CENTRAL Register electronic
databases. Search strategy details are described
in Appendix 1. In addition, hand searches were
performed to capture data from conferences,
registries, and health technology assessment
websites related to unpublished clinical trials.
The ClinicalTrials.gov website was also searched
to identify any trials with results that were
either not yet published in a scientific journal or
not indexed in the electronic databases that
were searched.

Searches were conducted to identify T2DM
studies that used any of the publicly licensable
PRO measures used in phase 3 studies of cana-
gliflozin. These measures included Impact of
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Weight on Quality of Life-Lite (IWQoL-Lite),
the Multidimensional Diabetes Questionnaire
(MDQ), motivational items, Short Form-36 (SF-
36), the EuroQoL-5 Dimension (EQ-5D), and
the Diabetes Utility Index (DUI).

Detailed searches were conducted for Eng-
lish-language articles published from 2005 to
May 3, 2013 using terms related to the publicly
licensable PRO measures of interest and more
general terms such as quality of life, survey,
questionnaires, patient-reported outcome or
PRO, patient input, self-reported outcome,
instrument, assessment, patient perspective,
focus group, and cognitive interview (see
Appendix 1). Search terms were combined to
capture the disease of interest (T2DM), the
endpoint of interest (any of the PRO measures
listed above), and the study type of interest
(randomized controlled trials). Searches were
conducted separately by AHA class (i.e., DPP-4
inhibitors, GLP-1 receptor agonists, SGLT2
inhibitors). Ongoing searches have been per-
formed and reviewed on a monthly basis from
May 2013 to present to identify additional
articles meeting the study selection criteria.
Relevant articles were independently identified
by two researchers who manually reviewed
article titles and abstracts, where available.
Studies were ineligible if they were published in
abstract form only, were review articles, repor-
ted data from open-label or other non-blinded
studies (e.g., observational studies), had no
matching PRO endpoints, or only described
economic implications of treatments (e.g., cost-
effectiveness). Studies were eligible for inclusion
in the analysis if they were sufficiently similar to
a phase 3 study of canagliflozin that collected
PRO data. Specifically, studies eligible for
inclusion were required to
• Report PRO results by treatment arm
• Have similar assessment time points (26 ± 4

or 52 ± 4 weeks)
• Have similar background therapy (dual ther-

apy with metformin or triple therapy with
metformin plus sulfonylurea)

• Have a placebo or an active comparator arm
in common with a canagliflozin trial (sita-
gliptin or glimepiride)

• Describe the analysis methods in sufficient
detail that they could be replicated using

data from a canagliflozin trial (e.g., model
specification for least squares mean change
with presentation of least squares mean
changes by treatment)
A total of 311 articles were screened in the

initial search. Of these, only one clinical trial
had published PRO data that could be compared
with data from a canagliflozin phase 3 clinical
trial (Fig. 1). An illustration of the resulting
network is shown in Fig. 2. No additional rele-
vant studies were identified in subsequent
searches.

Sources for Model Estimates

The DURATION-2 study evaluated exenatide
once-weekly (QW) compared with sitagliptin or
pioglitazone as add-on to metformin [31, 32].
As such, DURATION-2 was sufficiently similar
to the CANTATA-D (DIA3006) phase 3 study
[12] that evaluated canagliflozin compared with
placebo and sitagliptin in subjects on a back-
ground of metformin. DURATION-2 reported
changes in IWQoL-Lite total score, EQ-5D index
score, Diabetes Treatment Satisfaction Ques-
tionnaire scale score, and the Psychological
General Well-being index score from baseline to
week 26. Data from a separate publication
reporting results from a 26-week open-label
extension of DURATION-2 were not included as
no PRO data were reported. In the CANTATA-D
study, IWQoL-Lite assessments were performed
at baseline, week 26, and week 52 [33]. The
CANTATA-D study did not employ the EQ-5D,
Diabetes Treatment Satisfaction Questionnaire,
or Psychological General Well-being instru-
ments; therefore, indirect comparisons could
only be made using IWQoL-Lite data for
DURATION-2 versus CANTATA-D.

The IWQoL-Lite questionnaire is an instru-
ment that has been broadly used to quantita-
tively assess the relationship between body
weight and health-related quality of life [34].
The IWQoL-Lite total score is composed of five
domains in which weight may impact day-to-
day living; scores are used to derive a holistic
assessment of the overall burden of weight on
quality of life. IWQoL-Lite is a relevant clinical
endpoint in T2DM because it provides a
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Fig. 1 Flow diagram. GLP-1 glucagon-like peptide-1,
DPP-4 dipeptidyl peptidase-4, SGLT2 sodium glucose
co-transporter 2, RCT randomized controlled trial, PRO
patient-reported outcome. *Monthly updated searches

through July 31, 2017 found no additional studies meeting
study inclusion criteria. �Includes publications reporting
study designs, open-label, observational, or non-blinded
studies, and economic analyses

Fig. 2 Network of evidence. QW once weekly
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measure of the effects of antihyperglycemic
treatment beyond HbA1c.

Model Development

While the methodology for indirect compar-
isons of PRO data is generally similar to the
methodology used for clinical variables, there
are some notable differences. Most importantly,
potential effect modifiers include characteristics
specific to the PRO concept under investigation.
In this case, individuals may perceive body
weight in the context of cultural norms and
may interpret PRO instrument items differently
on the basis of a set of variables that may be
irrelevant for the comparison of biomarkers.
Previous studies have identified gender, race,
and baseline body mass index (BMI) as charac-
teristics that might have a material impact on
results [35]. To address the potential impact of
race on the results, the DURATION-2 race cate-
gories were mapped onto the CANTATA-D data.
The inclusion and exclusion criteria of these
two trials were compared, along with other
published baseline characteristics and the
countries in which the studies were conducted.
Baseline characteristics were compared across
studies using the t test or Chi square test.

In DURATION-2 (N = 491), inclusion and
exclusion criteria were more restrictive than the
criteria used in CANTATA-D (N = 1020), so sen-
sitivity analyses were performed to account for
differences in the trial populations. Specifically,
analyses were performed using data from the
total CANTATA-D study population (overall
population) and using data from a subset of the
CANTATA-D population (n = 516) thatmet all of
the inclusion and exclusion criteria specified in
DURATION-2 [31] (CANTATA-DD2population).

Subject-level data from DURATION-2 were
not available [31], so the published least squares
mean changes from baseline to week 26 in
IWQoL-Lite total scores were used. The DURA-
TION-2 analysis of covariance (ANCOVA) mod-
els included treatment, country, randomization
stratification factor (baseline HbA1c strata\9%
versus C 9%), and baseline IWQoL-Lite score as
fixed covariates and used the last observation
carried forward (LOCF) to impute missing values

for subjects who withdrew prior to week 26.
Subject-level data from CANTATA-D comparing
canagliflozin to sitagliptin were available [33], so
comparable least squares means were derived
from ANCOVA models using LOCF imputation.
The analysis of CANTATA-D data used fixed
covariates of treatment, baseline IWQoL-Lite
total score, and a binary term indicating whether
the subject was from a DURATION-2 country
(i.e., USA, India, or Mexico). Because published
results from the DURATION-2 study did not
report the proportions of subjects from each
country in the study population, further refine-
ment in country-level analysis was not possible.

Data for canagliflozin 100 and 300 mg were
pooled as the impact on weight loss was fairly
similar for both doses. Least squares means for
the CANTATA-D data were evaluated using the
baseline population distribution from DURA-
TION-2 for race, mean IWQoL-Lite total score,
and the modeled impact of having all subjects
in one of the DURATION-2 countries. In order
to evaluate the sensitivity of the results to the
LOCF imputation assumption, a complete case
analysis was also performed for the canagli-
flozin CANTATA-D trial, and these results are
included in the current analysis for comparison.
However, complete case analyses were not
included in the DURATION-2 manuscript for
comparison [31].

Indirect Comparison

The goal of this analysis was to compare the
effect of canagliflozin to exenatide on the basis
of the change in IWQoL-Lite total score. Since
these treatments were not compared within the
same trial, they could not be compared directly.
However, an indirect comparison is made pos-
sible because both trials studied sitagliptin,
which can serve as a common comparator (i.e.,
the difference between exenatide QW and sita-
gliptin in DURATION-2 can be compared to the
difference between canagliflozin and sitagliptin
in CANTATA-D). We utilized a Bayesian
approach to enable the calculation of the prob-
abilities of each intervention being the most
effective. In other words, this approach quanti-
fies the uncertainty in ranking treatments in
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order to make statements such as ‘‘There is X%
probability that treatment A results in a better
outcome than treatment B’’, which is more
natural in a clinical decision-making context.
The Bayesian approach is supported by several
international guidelines for indirect compar-
isons and network meta-analysis [18–22].

Mean changes in IWQoL-Lite total score
based on the DURATION-2 publication and
calculated from the CANTATA-D data were used
as model inputs. Separate analyses were per-
formed using adjusted and unadjusted mean
changes from CANTATA-D. When a sufficient
number of studies are contributing information
to an indirect comparison, a random effects
model may be used to better account for study
variability or differences in the clinical and
methodological execution of the trials. Given
that there were only two studies available for
this analysis, fitting a random-effects model was
not appropriate as there was not enough infor-
mation to properly estimate the between-study
variability. Thus, a fixed-effects model with
noninformative priors was used to estimate the
difference in IWQoL-Lite total score between
canagliflozin and exenatide QW, sitagliptin,
and pioglitazone. Specification of a prior distri-
bution or uncertainty about treatment differ-
ences prior to data analysis is a requirement for
Bayesian models. Noninformative priors were
selected for this analysis, which is appropriate
for situations in which we know very little
about the treatment differences and want to
model the data without making assumptions
about the uncertainty.

Compliance with Ethics

This article does not contain any new studies
with human participants performed by any of
the authors.

RESULTS

Baseline Characteristics

Baseline characteristics of the DURATION-2 and
CANTATA-D analysis populations are

summarized in Table 1. For DURATION-2, the
indirect comparison analysis was based on data
from subjects who had an IWQoL-Lite score at
baseline and at least one follow-up time point
[n = 401/491 (82%)]. Baseline characteristics for
this subset of subjects were not presented in
published results, so the overall trial character-
istics were used (Table 1) [31]. For the
CANTATA-D study, the analysis was also based
on data from subjects with an IWQoL-Lite score
at baseline and at least one change score prior to
week 26 [n = 1020/1101 (93%)].

Important differences in race and gender
were observed in the DURATION-2 and CAN-
TATA-D populations. The DURATION-2 popu-
lation had higher proportions of Asian and
Black subjects and a lower proportion of White
subjects compared with the CANTATA-D study,
and the proportion of male subjects was slightly
higher in DURATION-2. In addition, baseline
HbA1c values were lower in CANTATA-D than
in DURATION-2; this may have been due to the
higher mean baseline metformin dose in CAN-
TATA-D (2146–2190 mg/day in each group)
compared with DURATION-2 (1480–
1583 mg/day in each group). Mean baseline
BMI and mean baseline IWQoL-Lite scores were
similar in the two studies. The LOCF imputa-
tion was applied to similar proportions of sub-
jects in both trials because of early
discontinuation (8% in CANTATA-D, and
between 5% and 14% in DURATION-2) [12, 32].

As shown in Table 2, approximately half of
the subjects in the CANTATA-D study met all of
the DURATION-2 inclusion and exclusion cri-
teria. The most common inclusion and exclu-
sion criteria from the DURATION-2 study that
were not met by subjects in the CANTATA-D
trial were prior exposure to sulfonylurea, weight
fluctuations prior to the start of the study ([3%
weight change from screening to randomiza-
tion), and restrictions on baseline BMI (\25 or
[45 kg/m2) and HbA1c (7.1–11.0%). Subjects
in the CANTATA-D trial were also eliminated
from the ‘‘CANTATA-D D2 population’’ if they
had comorbidities that excluded subjects from
enrollment in DURATION-2.

Diabetes Ther (2018) 9:125–140 131



Table 1 Comparison of trial baseline characteristics for DURATION-2 and CANTATA-D

DURATION-2 CANTATA-D

Overall population D2 population

Variablea LOCF

imputation

(N = 491)

LOCF

imputation

(N = 1020)

Complete case

(no imputation)

(n = 934)

LOCF

imputation

(n = 516)

Complete case

(no imputation)

(n = 479)

Age, years 52.3 ± 10.3 55.5 ± 9.3 55.6 ± 9.2 55.1 ± 9.1 55.2 ± 9.1

Gender, n (%)

Female 237 (48.3) 543 (53.2) 496 (53.1) 277 (53.7) 255 (53.2)

Male 254 (51.7) 477 (46.8) 438 (46.9) 239 (46.3) 224 (46.8)

Race (DURATION-2 categories), n (%)b

Asian 119 (24.2) 136 (13.3) 118 (12.6) 45 (8.7) 40 (8.4)

Black 52 (10.6) 39 (3.8) 30 (3.2) 13 (2.5) 10 (2.1)

Hispanic 143 (29.1) 294 (28.8) 282 (30.2) 170 (32.9) 162 (33.8)

White 168 (34.2) 551 (54.0) 504 (54.0) 288 (55.8) 267 (55.7)

Baseline weight, kg 88.0 ± 20.0 87.3 ± 21.8 86.9 ± 21.2 88.3 ± 18.3 88.3 ± 18.3

Baseline BMI, kg/m2 32.0 ± 5.3 31.9 ± 6.3 31.8 ± 6.0 32.3 ± 4.7 32.3 ± 4.7

Baseline HbA1c, % 8.5 ± 1.2 7.9 ± 0.9 7.9 ± 0.9 7.9 ± 0.9 7.9 ± 0.9

Duration of T2DM, years 5.7 ± 4.7 6.9 ± 5.3 6.8 ± 5.3 6.1 ± 4.7 6.1 ± 4.7

Baseline metformin dose, mg 1523 ± 551 2148 ± 337 2154 ± 335 2171 ± 337 2175 ± 331

Baseline systolic BP, mmHg 126 ± 14 128 ± 13 128 ± 13 128 ± 13 129 ± 13

Proportion of subjects from

countries in DURATION-2

(USA, Mexico, or India), n (%)

491 (100) 426 (41.8) 385 (41.2) 173 (33.5) 161 (33.6)

Frequency by country, n (%)

India Unknown 68 (6.7) 62 (6.6) 27 (5.2) 24 (5.0)

Mexico Unknown 59 (5.8) 56 (6.0) 37 (7.2) 37 (7.7)

USA Unknown 299 (29.3) 267 (28.6) 109 (21.1) 100 (20.9)

Baseline IWQoL-Lite total score 80.2c 79.4 ± 17.7 79.4 ± 17.8 78.2 ± 17.2 78.01 ± 17.4

LOCF last observation carried forward, BMI body mass index, T2DM type 2 diabetes mellitus, BP blood pressure,
IWQoL Impact of Weight on Quality of Life, SD standard deviation
a Data are mean ± SD unless otherwise noted
b Percentages may not total 100.0% due to rounding
c Baseline SD not reported
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Changes in IWQoL-Lite Total Score

Treatment estimates for DURATION-2 and
CANTATA-D under different population
assumptions (overall and CANTATA-D D2),
imputation assumptions (LOCF and complete
case), and adjustments for the differences in
race and country distributions (adjusted and
unadjusted) are summarized in Table 3. As
shown, imputation strategy made little differ-
ence in mean change in IWQoL-Lite total score.
However, the magnitude of the least squares
mean change in IWQoL-Lite total score was
smaller in the ‘‘CANTATA-D D2 population’’
compared with the overall population (2.3 ver-
sus 2.6 for canagliflozin, and 1.1 versus 1.6 for
sitagliptin). This observation may have been a
result of differences in the inclusion criteria of
the two trials (Table 2). Adjustment for country
and race distributions increased the magnitude

of the estimates compared with the unadjusted
models.

Indirect Comparison Results

Figure 3 shows the results of the primary anal-
ysis. The probability that treatment with cana-
gliflozin results in greater improvements in
IWQoL-Lite total score than treatment with
exenatide QW, sitagliptin, and pioglitazone was
60.0%, 89.9%, and 99.5%, respectively.

When analyses were restricted to the
DURATION-2 inclusion and exclusion criteria,
the probability that canagliflozin is better than
exenatide QW, sitagliptin, and pioglitazone was
61.6%, 82.1%, and 98.9%, respectively. Further
adjustment for race and country differences
yielded probabilities of 74.6% versus exenatide
QW, 85.9% versus sitagliptin, and 98.5% versus
pioglitazone. Median differences in IWQoL-Lite

Table 2 Common reasons for failure of DURATION-2 inclusion and exclusion criteria

CANTATA-D

LOCF imputation
(N5 1020)

Complete case
(no imputation)
(n5 934)

Fails DURATION-2 exclusion criteria, n (%) 504 (49.4) 455 (48.7)

Eligible for DURATION-2, n (%) 516 (50.6) 479 (51.3)

Any medication history exclusion 338 (33.1) 307 (32.9)

History of insulin use 43 (4.2) 40 (4.3)

History of SU or MET ? SU strata 248 (24.3) 223 (23.9)

History of systemic steroid use 31 (3.0) 29 (3.1)

History of drug interacting with CYP2C8 enzyme system 34 (3.3) 31 (3.3)

Weight change[3% from screening to randomization 169 (16.6) 148 (15.8)

Screening BMI\25 or[45 kg/m2 136 (13.3) 119 (12.7)

Exclusion based on either blood glucose criteria 106 (10.4) 97 (10.4)

HbA1c\7.1% or[11.0% at screening 94 (9.2) 85 (9.1)

FPG C15.5 mmol/L at screening 12 (1.2) 12 (1.3)

LOCF last observation carried forward, SU sulfonylurea, MET metformin, BMI body mass index, HbA1c glycated
hemoglobin, FPG fasting plasma glucose, ANCOVA analysis of covariance, IWQoL Impact of Weight on Quality of Life
ANCOVA results from CANTATA-D, unadjusted and adjusted for baseline IWQoL-Lite total score, country, and race
Medically significant conditions were an exclusion criterion in both studies, and were therefore assumed to be similar
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total score changes and the probability that
canagliflozin outperforms exenatide QW, sita-
gliptin, and pioglitazone for this PRO measure
were computed for the sensitivity analyses
compared with the primary analysis. Compar-
isons between the primary analysis and sensi-
tivity analyses with canagliflozin versus
exenatide QW for different populations and
imputation methods are shown in Table 4. In all
cases, these differences were larger in the com-
plete case analysis than in the LOCF analysis.
Estimated differences were also higher in anal-
yses that adjusted for distribution by country
and race, which highlights the need to consider
geographic and cultural differences that may
affect PROs (e.g., differences in perceptions of
body weight). The largest relative differences,

based on the Bayesian models, were seen when
restricting the analysis to the ‘‘CANTATA-D D2
population’’. Collectively, these findings sug-
gest that differences in trial inclusion and
exclusion criteria can impact PRO findings.

DISCUSSION

Weight management is an important compo-
nent of T2DM management, and weight loss is
associated with better health-related quality of
life among people with T2DM [36, 37]. In the
DURATION-2 study, mean body weight changes
from baseline to week 26 were - 2.3 kg with
exenatide QW, - 0.8 kg with sitagliptin, and
? 2.8 kg with pioglitazone [31]. In the
CANTATA-D study, body weight changes from
baseline to week 26 were - 3.3 kg with cana-
gliflozin 100 mg, - 3.6 kg with canagliflozin
300 mg, and - 1.1 kg with sitagliptin [12]. The
current analysis evaluated changes in the
impact of weight on health-related quality of
life based on PRO data from these clinical
studies.

Findings from this analysis demonstrated
that, under a variety of assumptions, canagli-
flozin was associated with greater improve-
ments in IWQoL-Lite total score compared with
exenatide QW, sitagliptin, and pioglitazone.
This is noteworthy because baseline IWQoL-Lite
total scores in both studies were already rela-
tively high, ranging from about 78 to 80 out of a
possible 100 points [34].

Fig. 3 Change in IWQoL-Lite total score from baseline to
Week 26.* IWQoL Impact of Weight on Quality of Life,
CrI credible interval, Pr probability. *Reported as median
differences and 95% CrI for canagliflozin versus exenatide
QW, sitagliptin, and pioglitazone

Table 4 Comparison of primary and sensitivity analyses: differences in IWQoL-Lite total scores at week 26 with
canagliflozin versus exenatide QW

Imputation Population, adjustment Median (95% CrI) Probability (%)

LOCF Overall, unadjusted 0.43 (- 2.84, 3.62) 60.0

Overall, adjusted 0.84 (- 2.97, 4.55) 66.7

CANTATA-D D2, adjusted 1.75 (- 3.40, 6.77) 74.6

Complete case (no imputation) Overall, unadjusted 0.51 (- 2.82, 3.76) 61.7

Overall, adjusted 1.22 (- 2.76, 5.09) 72.6

CANTATA-D D2, adjusted 1.95 (- 3.64, 7.37) 75.2

IWQoL Impact of Weight on Quality of Life, QW once weekly, CrI credible interval, LOCF last observation carried forward
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This study addresses considerations for the
performance of indirect comparisons of PRO
data in the setting of T2DM, which may play a
role inhealth-caredecision-making in the future,
as health-care decision-makers increasingly
acknowledge the importance of such outcomes
as part of a range of treatment benefits. Examin-
ing health-related quality of life outcomes with
indirect comparison methods should be consid-
ered a viable source of comparative information
to aid in these decisionswhen data fromhead-to-
head trials are unavailable. However, there are
unique methodological challenges associated
with indirect comparisons of health-related
quality of life data. For example, data from indi-
rect comparisons of PROs should be interpreted
in the context of the study design features (i.e.,
parameters are sensitive to assumptions about
populations, imputation strategies, and certain
baseline characteristics). Unlike clinical vari-
ables, scores for PROmeasuresmay be influenced
by cultural differences (e.g., perceptions of body
weight); therefore, determinants of health-re-
lated quality of life may be different than those
used to describe clinical efficacy. The DURA-
TION-2 inclusion criteria provided a much more
homogeneous study population than the CAN-
TATA-D study, such that roughly half of the
subjects enrolled in CANTATA-D would have
been ineligible to participate in DURATION-2.
Thesedifferenceswere anecessarypart of the trial
designs; i.e., the inclusion criteria for DURA-
TION-2 were set such that a sample size of 500
subjects was sufficiently powered to detect sig-
nificant differences in HbA1c between treatment
groups [31], whereas the broader CANTATA-D
inclusion criteria required a sample size of 1260
(360 in each of three active treatment arms plus
180 in the placebo group) to be sufficiently
powered to detect significant differences in
HbA1c between groups [12].

Overall, findings from the current study
support the importance of geographic and cul-
tural factors in perceptions of body weight,
since differences in IWQoL-Lite total score were
observed when subject characteristics were
restricted to the ‘‘CANTATA-D D2 population’’.
Because cultural differences can impact PRO
results, future studies should report geographic
and cultural characteristics as important

demographic variables. Researchers should also
consider how study inclusion and exclusion
criteria may affect the range of included per-
spectives of subjects enrolled in studies, espe-
cially given the importance of patient-centered
care when collaborating on individualized
T2DM management strategies [1]. Furthermore,
systematic differences in effect modifiers are
important for indirect comparisons, but this
report found consistent results for adjusted and
unadjusted analyses, as well as subgroups.

Only one study (DURATION-2) was identi-
fied from extensive searches for reports of PRO
measurements that could be compared with
data from the canagliflozin clinical develop-
ment program. The only common PRO measure
identified in the searches that could be used in
this analysis was the IWQoL-Lite, which was
designed to capture the impact of weight on
quality of life and does not measure other fac-
tors that might influence a patient’s experience
with treatment (e.g., side effects/tolerability).
The lack of available common PRO data is an
important gap in the assessment of treatments
for T2DM, especially considering the strong
associations between patient perceptions and
clinical outcomes in this disease [38, 39].
Because HbA1c control is the primary endpoint
used by regulatory agencies to determine
acceptability for approval, randomized con-
trolled trials in T2DM are typically powered to
detect differences in HbA1c and are often
insufficiently powered to detect differences in
PRO scores. In addition, clinical reports of ran-
domized controlled trials in T2DM tend to
capture and report biomarker data (e.g., HbA1c)
in a similar way (e.g., mean change by treat-
ment arm), but there is far greater variability in
PRO instruments employed and treatment
effect summaries. For example, it should be
noted that canagliflozin trials did not utilize the
commonly used Diabetes Treatment Satisfac-
tion Questionnaire [40] because this instrument
is focused on concepts such as treatment flexi-
bility and convenience, which are of limited
relevance for a once-daily oral medication such
as canagliflozin. Overall, the infrequent and
inconsistent reporting of PRO data compared
with clinical data likely contributes to the low
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number of relevant studies for inclusion in
synthesis efforts such as this one.

PRO score changes with the treatments of
interest in the current analysis may be either
over- or underestimated, in part, because of the
small number of studies or other factors, and a
more robust analysis could be conducted if
subject-level data were available for both trials.
Models adjusted for population differences are
an important step toward unbiased compar-
isons, but this method assumes that covariates
such as baseline IWQoL-Lite score impact final
changes in a similar way for canagliflozin and
exenatide QW. Though this assumption is not
unreasonable, an evidence-based defense would
require subject-level data from DURATION-2.
Many pharmaceutical companies are developing
data-sharing policies that would facilitate sub-
ject-level analyses in the future, and, especially
in areas like PROs where suitable comparisons
are limited, would result in indirect comparison
methods requiring fewer assumptions.

In this analysis, as in many studies, missing
data can present an important challenge.
DURATION-2 publications summarize baseline
data for the modified intention-to-treat analy-
sis, but not for the subgroup of subjects who
were included in the PRO analyses. An implicit
assumption, which cannot be tested, is that
subjects with missing PRO data were similar in
DURATION-2 and CANTATA-D. LOCF is a sub-
optimal imputation method, but more appro-
priate techniques such as mixed models for
repeated measures (MMRM) require more fre-
quent data collection, which, in turn, requires a
higher prioritization for PRO outcomes. Fortu-
nately, in this analysis, the rate of missing data
was relatively low for both studies.

CONCLUSIONS

Findings from this analysis suggest that
improvements in the impactofweightonhealth-
related quality of life may be greater with cana-
gliflozin compared with exenatide QW, sitaglip-
tin, and pioglitazone. The impact of treatment
on various aspects of health-related quality of life
should not be overlooked when selecting T2DM
treatments, as improvements in health-related

quality of life are associated with increased
motivation to perform self-care behaviors and
more persistent and consistent performance of
disease management behaviors [41–43].
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22. Jansen JP, Trikalinos T, Cappelleri JC, et al. Indirect
treatment comparison/network meta-analysis study
questionnaire to assess relevance and credibility to
inform health care decision making: an ISPOR-
AMCP-NPC Good Practice Task Force report. Value
Health. 2014;17:157–73.

23. Jansen JP, Crawford B, Bergman G, Stam W. Baye-
sian meta-analysis of multiple treatment compar-
isons: an introduction to mixed treatment
comparisons. Value Health. 2008;11:956–64.

24. Salanti G, Ades AE, Ioannidis JP. Graphical methods
and numerical summaries for presenting results
from multiple-treatment meta-analysis: an over-
view and tutorial. J Clin Epidemiol.
2011;64:163–71.

25. Alonso J, Bartlett SJ, Rose M, et al. The case for an
international patient-reported outcomes measure-
ment information system (PROMIS(R)) initiative.
Health Qual Life Outcomes. 2013;11:210.

26. Reaney M, Gwaltney C. Measuring and interpreting
patient-reported outcome data from clinical trials
of diabetes medication. J Diabetes Res Clin Metab.
2014. https://doi.org/10.7243/2050-0866-3-7.

27. Brundage M, Blazeby J, Revicki D, et al. Patient-re-
ported outcomes in randomized clinical trials:
development of ISOQOL reporting standards. Qual
Life Res. 2013;22:1161–75.

28. Reaney M, Celeste Elash CA. Patient reported out-
comes in the development of new medications for
type 2 diabetes: a review of recently approved
products. Value Health. 2015;18:A715.

29. Puhan MA, Soesilo I, Guyatt GH, Schunemann HJ.
Combining scores from different patient reported
outcome measures in meta-analyses: when is it
justified? Health Qual Life Outcomes. 2006;4:94.

30. Johnston BC, Patrick DL, Busse JW, Schunemann
HJ, Agarwal A, Guyatt GH. Patient-reported out-
comes in meta-analyses—part 1: assessing risk of
bias and combining outcomes. Health Qual Life
Outcomes. 2013;11:109.

31. Bergenstal RM, Wysham C, MacConell L, et al. Effi-
cacy and safety of exenatide once weekly versus
sitagliptin or pioglitazone as an adjunct to met-
formin for treatment of type 2 diabetes (DURATION-
2): a randomised trial. Lancet. 2010;376:431–9.

32. Best JH, Rubin RR, Peyrot M, et al. Weight-related
quality of life, health utility, psychological well-
being, and satisfaction with exenatide once weekly
compared with sitagliptin or pioglitazone after
26 weeks of treatment. Diabetes Care.
2011;34:314–9.

33. Traina SB, Ho KF. Weight- and health-related
quality of life with canagliflozin versus sitagliptin in
subjects with type 2 diabetes mellitus on back-
ground metformin. Value Health. 2013; 6:A448

34. Kolotkin RL, Crosby RD, Kosloski KD, Williams GR.
Development of a brief measure to assess quality of
life in obesity. Obes Res. 2001;9:102–11.

35. Kolotkin RL, Crosby RD, Williams GR. Health-
related quality of life varies among obese sub-
groups. Obes Res. 2002;10:748–56.

36. Grandy S, Fox KM, Bazata DD. Association of self-
reported weight change and quality of life, and
exercise and weight management behaviors among
adults with type 2 diabetes mellitus: the SHIELD
study. Cardiol Res Pract. 2012;2012:892564.

37. Rubin RR, Wadden TA, Bahnson JL, et al. Impact of
intensive lifestyle intervention on depression and
health-related quality of life in type 2 diabetes: the
Look AHEAD Trial. Diabetes Care.
2014;37:1544–53.

38. Allison DB, Downey M, Atkinson RL, et al. Obesity
as a disease: a white paper on evidence and argu-
ments commissioned by the Council of the Obesity
Society. Obesity (Silver Spring). 2008;16:1161–77.

39. Gregory RS, Handelsman Y, Pezalla EJ, Pikelny D.
Practical perspectives on the management of over-
weight and obesity. Am J Manag Care.
2014;20:S64–75.

40. Bradley C. Diabetes Treatment Satisfaction Ques-
tionnaire (DTSQ). In: Bradley C, editor. Handbook
of psychology and diabetes. London: Gordon &
Breach; 1994. p. 111–32.

41. Pi-Sunyer FX. The impact of weight gain on moti-
vation, compliance, and metabolic control in
patients with type 2 diabetes mellitus. Postgrad
Med. 2009;121:94–107.

42. Traina S, Weiser J, Katz EG, Palak A. Satisfaction
with health and motivation to follow a diabetes
diet and exercise vary by weight status among
people with type 2 diabetes mellitus (T2DM).

Diabetes Ther (2018) 9:125–140 139

http://www.nicedsu.org.uk
http://dx.doi.org/10.7243/2050-0866-3-7


In: Poster presented at: 71st scientific sessions of the
American diabetes association (ADA); June 24–28,
San Diego, CA. Poster 858-P; 2011.

43. Traina S, Johnson P, Bancroft T, Watkins A, Adams
S. Motivation to perform diabetes self-care activities

and satisfaction with health vary by weight status
among people living with type 2 diabetes mellitus
(T2DM). In: Poster presented at: 72nd Scientific
Session of the American Diabetes Association
(ADA); June 8–12, Philadelphia, PA. Poster 813-P;
2012.

140 Diabetes Ther (2018) 9:125–140


	An Indirect Comparison of Changes in the Impact of Weight on Quality of Life Among Subjects with Type 2 Diabetes Treated with Antihyperglycemic Agents in Dual Therapy with Metformin
	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Literature Search Criteria and Trial Identification
	Sources for Model Estimates
	Model Development
	Indirect Comparison
	Compliance with Ethics

	Results
	Baseline Characteristics
	Changes in IWQoL-Lite Total Score
	Indirect Comparison Results

	Discussion
	Conclusions
	Acknowledgements
	References




