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sumptions add noise to the measurement. Scor-
ing with item-response theory or Rasch analy-
sis results in precision of measures that is up to
10 times as high as that of summary scoring.?
We suggest that the authors reanalyze their data
using psychometric methods, such as Rasch
analysis, that are based on item-response theory;
such methods significantly reduce measurement
noise and produce interval-level measurement.
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THE AUTHORS REPLY: The VR-12 is a well-estab-
lished instrument for the assessment of health-
related quality of life! and has been used in many
settings, including the Medicare Advantage Pro-
gram, quasi-experimental studies, and random-
ized, controlled trials."> The VR-12 scoring algo-
rithms involve complex methods with weights
that control for the effects of regression toward
the mean and for imputation of missing values.?
Collectively, the literature indicates that the
physical and mental summary scores are sensi-
tive to discriminating between clinically relevant
groups and are responsive to change in pre—post
prospective intervention studies and in random-

ized clinical trials, and the ceiling effects for the
VR-12 have not been found to be substantial.* In
addition, a previous study that was conducted to
develop links between scores on the Patient Re-
ported Outcomes Measurement Information Sys-
tem (PROMIS) 29 and those on the VR-12 indi-
cated that the psychometric properties of the
VR-12 performed well in comparison with the
PROMIS 29, a measure that is based on item-
response theory.’ Although a Rasch analysis
could prove interesting, it is unlikely that it would
change our conclusions.
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Canagliflozin and Cardiovascular and Renal Events in Type 2
Diabetes

TO THE EDITOR: In the trials of the Canagliflozin
Cardiovascular Assessment Study (CANVAS) Pro-
gram (Aug. 17 issue),' patients who had been as-

signed to receive canagliflozin had significantly
lower rates of the primary outcome (a composite
of death from cardiovascular causes, nonfatal
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myocardial infarction, or nonfatal stroke) than
those assigned to receive placebo (hazard ratio,
0.86; 95% confidence interval [CI], 0.75 to 0.97).
Beyond statistical significance, however, a treat-
ment difference must be clinically significant.? On
an absolute scale, these results show that more
than 200 patients must receive daily canagliflozin
for the duration of the trial (mean, 3.6 years; me-
dian, 2.4 years) in order for 1 patient to benefit.
More importantly, the trials show a risk of ampu-
tation that is almost twice as high among pa-
tients receiving canagliflozin as among patients
receiving placebo (hazard ratio, 1.97; 95% CI,
1.41 to 2.75). Although the risk was primarily at
the level of the toes and metatarsals, 29% of the
affected participants had a more proximal ampu-
tation. Similar to other new medications for type 2
diabetes, canagliflozin is expensive, with a sug-
gested price per tablet of $10.53 (€9.09, £8.03).3
Economic models*® need to be updated to con-
sider the benefit-harm ratio emerging from these
new data.
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TO THE EDITOR: Because of the transparency pol-
icy of the Journal, readers have access to exhaus-
tive documentation of published trials. In the
CANVAS trials, there are some surprising incon-
sistencies between the statistical analysis section
of the trial protocols and the final article, affect-
ing important points concerning the design of
the two trials. The primary hypothesis, that “rela-

tive to placebo plus standard of care, canagliflozin
plus standard of care reduces CV [cardiovascular]
risk,” is stated as “a test of noninferiority, with
the use of a margin of 1.3 for the hazard ratio for
the primary outcome with canagliflozin as com-
pared with placebo” in the published article,
whereas it is described as just exploratory in the
CANVAS—-Renal (CANVAS-R) trial. Sample-size
calculations in the original protocol are related
to changes in the glycated hemoglobin level and
not to cardiovascular outcomes and undergo sev-
eral transformations before they settle down.
Methodologic inconsistencies in both design and
analysis items that should be clearly prespecified
at the beginning of a trial arouse important con-
cerns for the critical reader trying to ascertain
the validity of a trial.
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TO THE EDITOR: In the CANVAS trials, the use of
canagliflozin was associated with an increased
risk of amputation. The majority of the amputa-
tions were minor and occurred distally. Although
the mechanisms are still unclear, the fact that
the preponderance of events occurred in patients
with a history of amputation and peripheral arte-
rial disease may offer some clues. In multivariate
analysis, the most important predictor of ampu-
tation was previous amputation (hazard ratio,
20.9; 95% CI, 4.2 to 30.8). This raises the possibil-
ity that patients in the trial who had critical limb
ischemia may have been vulnerable to hemocon-
centration and alterations in viscosity, which are
well known to occur with sodium—glucose co-
transporter 2 (SGLT-2) inhibitors.! Patients with
critical limb ischemia have seriously impaired
perfusion, and even small changes in viscosity
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or perfusion may have had a deleterious effect
on limb outcomes. Although the prevalence of
peripheral-artery disease in the CANVAS trials
(21% of all patients) was similar to that in the
EMPA-REG OUTCOME trial, the reason why this
was not observed in the EMPA-REG OUTCOME
trial may have been related to the fact that data
regarding events that were related to peripheral-
artery disease, such as amputations, were not
collected.?
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THE AUTHORS REPLY: Baglioni is concerned about
the risks and benefits of canagliflozin. The ab-
solute benefits among the participants of the
CANVAS trials were such that, for every 1000 pa-
tients who were treated for 5 years, there would
be 23 patients (95% CI, 4 to 42) who did not have
a primary outcome event (number needed to
treat, 43), 16 patients (95% CI, 7 to 25) who were
not hospitalized for heart failure (number need-
ed to treat, 63), and 18 patients (95% CI, 8 to 27)
who did not have a serious decline in kidney
function (number needed to treat, 57). There
would also be 15 patients (95% CI, 8 to 22)
among whom treatment would lead to an ampu-
tation (number needed to treat, 68); 29% of the
amputations were more proximal amputations.
Clinicians will make tailored decisions about the
use of canagliflozin on the basis of the likely bal-
ance of benefits and risks in individual patients.

Ferndndez-Balsells et al. have questions about
the design and testing strategy. The hypotheses
and testing strategy of the CANVAS Program
were designed to maximize the capacity of the

trial program to define the efficacy and safety of
the compound while minimizing the risk of in-
troducing systematic or random errors. The shift
to an analysis strategy on the basis of the com-
bined trial data sets was done primarily to meet
guidance that was provided by regulatory bod-
ies.! The final analysis strategy underwent ex-
tensive review by groups that were independent
of the trial sponsor and was documented in de-
tail as both a statistical analysis plan and a peer-
reviewed publication, to which we refer readers
wishing to ascertain the validity of the approach
we used.?

Rajagopalan and Brook ask about amputa-
tions in our trial. The cause of the increased risk
of amputation that was observed in the CANVAS
Program remains to be elucidated. Although pre-
vious amputation was strongly associated with
this risk, most amputations occurred in partici-
pants who did not have a history of amputation.
Whether amputation risk will be specific to
canagliflozin or will also involve other drugs in
the class will become apparent only as additional
data accrue. There is no detailed report available
of the means by which amputation events were
recorded in the EMPA-REG OUTCOME trial, and
it is unknown whether that could contribute to
the difference between the two compounds for
this outcome.?
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