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Introduction: In pivotal trials of patients with autosomal dominant polycystic kidney disease at risk of rapid

progression, tolvaptan slowed estimated glomerular filtration rate (eGFR) decline in early-to-moderate

(TEMPO 3:4 [NCT00428948]) and moderate- to late-stage (REPRISE [NCT02160145]) chronic kidney dis-

ease (CKD). Discontinuation was less frequent in REPRISE (15.0%) than TEMPO 3:4 (23.0%), given that in

REPRISE, only subjects who tolerated tolvaptan 60/30 mg daily initiated the double-blind phase. We

evaluated whether the greater treatment effect in REPRISE was attributable to different completion rates.

Methods: We conducted post hoc analyses of TEMPO 3:4 and REPRISE completers, defined as subjects

who took trial drug to the end of the treatment period in TEMPO 3:4 (3 years) or REPRISE (1 year). Efficacy

(rate of change in eGFR for tolvaptan vs. placebo) was analyzed as in each trial. Subjects from TEMPO 3:4

and REPRISE were also matched by propensity score for age, gender, and baseline eGFR to explore po-

tential additional determinants of treatment effect.

Results: The annualized tolvaptan treatment effect in TEMPO 3:4 completers (difference vs. placebo of 0.98

ml/min per 1.73 m2/y) and REPRISE completers (difference of 1.23) was similar to that of the respective

total trial populations (TEMPO 3:4: 0.94; REPRISE: 1.27). The treatment effect of tolvaptan was also similar

between matched subjects.

Conclusion: Greater treatment completion rate did not drive greater treatment effect in REPRISE. The more

advanced CKD of REPRISE subjects may be more relevant. More rapid decline in kidney function in later-

stage CKD enabled the effects of tolvaptan to be more easily discerned.
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A
utosomal dominant polycystic kidney disease
(ADPKD) is the most common inherited kidney

condition and a leading cause of end-stage kidney dis-
ease globally.1–4 Tolvaptan, a vasopressin receptor
antagonist, is the first drug to be approved for the
treatment of ADPKD and has been licensed in a number
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of regions, including the United States, Europe, Japan,
Korea, and Australia.5–7 The drug exerts its therapeutic
effects by targeting V2 receptors in renal epithelial
cells, resulting in downregulation of the intracellular
cyclic adenosine monophosphate signaling pathway.
Cystic growth has been linked to upregulation of the
cyclic adenosine monophosphate pathway in ADPKD,
as reviewed elsewhere.5,8–11 The evidence for tolvaptan
effectiveness is based on results from the 3-year
TEMPO 3:4 (NCT00428948) and the 1-year REPRISE
(NCT02160145) clinical trials. The trials demonstrated
that tolvaptan slows eGFR decline and total kidney
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volume (TKV) growth compared with placebo in sub-
jects with ADPKD at risk of rapid progression.12,13

Inhibition of vasopressin activity also decreases urine
concentrating activity and is associated with aquaretic
adverse events (e.g., polyuria, thirst, nocturia, polla-
kiuria), which can negatively impact adherence to treat-
ment.14 In TEMPO 3:4, 23.0% of tolvaptan-treated
subjects discontinued from the trial early; the most
common reason for discontinuation was adverse events
(15.4% of subjects), and those most frequently leading to
discontinuation were aquaretic adverse events (8.3% of
subjects).12 The double-blind treatment phase of
REPRISE included only subjects who tolerated tolvaptan
at a split dose of at least 60/30 mg during a preceding
single-blind tolvaptan treatment phase. Compared with
TEMPO 3:4, discontinuations were, therefore, less
frequent during the double-blind phase of REPRISE:
15.0% of subjects in the tolvaptan arm discontinued
treatment; 9.5% discontinued due to adverse events, and
2.1% discontinued due to aquaretic adverse events.13

Both trials were analyzed in accordance with the
intention-to-treat principle, which mandates that
outcome analyses are based on all subjects randomized
to a treatment, without regard for noncompliance,
protocol deviations, or early withdrawal.15,16

Intention-to-treat is an established feature of inter-
ventional clinical trial design intended to minimize bias
in the estimation of treatment effect that would arise
from the exclusion of subjects nonadherent to study
treatment. The approach is mandated by many regu-
latory bodies, even if studies go on to also include
additional per-protocol or as-treated analyses.17,18

However, it is widely recognized that in scenarios in
which there are high levels of nonadherence to a trial
treatment, intention-to-treat analysis may substantially
underestimate the effect of a therapy.16

To evaluate the possibility that subjects who
completed their respective trials on treatment would
show a larger effect size than those who terminated
treatment early, we conducted a post hoc analysis. The
primary objective of this analysis was to assess the
effects of tolvaptan on eGFR in subgroups of TEMPO
3:4 and REPRISE trial subjects who completed the
follow-up period on treatment. A secondary objective
was to explore the potential effects of treatment
completion on the magnitude of treatment responses
observed in TEMPO 3:4 and REPRISE.
METHODS

TEMPO 3:4 and REPRISE Trial Design and

Population

TEMPO 3:4 and REPRISE trial design and enrollment
criteria have been described previously.12,13 Both were
Kidney International Reports (2021) 6, 1032–1040
randomized, double-blind, placebo-controlled trials. In
TEMPO 3:4, tolvaptan was initiated at a daily split dose
of 45/15 mg, which was increased weekly to 60/30 mg
and then to 90/30 mg, based on subject-reported
tolerability. Subjects took the highest tolerable dose
for the 36-month treatment period.

In REPRISE, all subjects received tolvaptan during a
single-blind, 5-week titration and run-in phase. Those
who tolerated a 60/30-mg or 90/30-mg dose were then
randomized to 12 months of double-blind tolvaptan or
placebo. Tolvaptan was taken at the highest dose
tolerated (with a maximum dose of 90/30 mg).

Both studies targeted ADPKD populations with a
high likelihood of rapid disease progression. TEMPO
3:4 enrolled subjects with preserved renal function: 18
to 50 years old with estimated creatinine clearance $60
ml/min and TKV $750 m. REPRISE enrolled an older
population with more advanced disease: ages 18 to 55
years with eGFR $25 and #65 ml/min per 1.73 m2, or
ages 56 to 65 years with eGFR$25 and#44 ml/min per
1.73 m2 and evidence of ADPKD progression (an eGFR
decline of >2.0 ml/min per 1.73 m2/year based on
historical eGFR data). Based on the preceding enroll-
ment criteria, TEMPO 3:4 had a trial population in CKD
stages 1 to 3, >80% in stage 1 or 2 CKD. In REPRISE,
75% of subjects were in stage 3 and 20% were in stage
4 CKD. A post hoc analysis of the TEMPO 3:4 trial
population indicated a population enriched for high
risk of rapid progression, with 89.5% of the population
in Mayo risk classes 1C-1E versus 60.5% in an unse-
lected ADPKD population of Mayo Clinic patients.19

Outcomes Evaluated in the Post Hoc Analyses

The effect of tolvaptan on rate of change in eGFR in
each trial was evaluated for the subgroup of com-
pleters, that is, subjects who continued to take the trial
drug to the end of the treatment period in TEMPO 3:4
(3 years) or REPRISE (1 year). Similarly, the effect of
tolvaptan on annualized rate of TKV growth was
calculated for the completer subpopulation in TEMPO
3:4 (TKV was not assessed in REPRISE).

To further explore determinants of tolvaptan treat-
ment effects on kidney function in ADPKD, subgroup
analyses of change in eGFR over time by baseline de-
mographic and clinical variables were performed.
Finally, subject characteristics by completer/non-
completer status were compared to identify variables
associated with completion/noncompletion.

Statistical Methods

Analysis of efficacy endpoints was based on the
methods used in each trial and using the full trial
datasets. For TEMPO 3:4, comparisons between tol-
vaptan completers and placebo completers were
1033



Figure 1. Subject flow.
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derived by testing the time treatment interaction with a
linear mixed model in which both intercept and slope
are fixed and random effects. For REPRISE, the com-
parison was derived from a weighted analysis of
covariance with effects of treatment and randomization
stratification factors and covariate baseline.

In an analysis of the effects of baseline variables, we
compared eGFR slope between subjects from TEMPO
3:4 and REPRISE who were matched by propensity
score for gender, age, and baseline eGFR. Propensity
score-based matching was used to exclude the effects of
differences in trial populations (for example, in the
proportions of subjects with early versus late-stage
CKD) and assess the treatment effects of tolvaptan in
subjects with similar clinical profiles. For the pro-
pensity analysis, the SAS (SAS Inc., Cary, NC) pro-
cedure PROC PSMATCH was utilized in 3 steps with
the local optimal algorithm, caliper ¼ 0.03, and the sex
as exact match. In Step 1, TEMPO 3:4 placebo subjects
were matched to TEMPO 3:4 tolvaptan subjects. The
total absolute difference in the logit of the propensity
score for all matches was 0.692729. In Step 2, REPRISE
tolvaptan subjects were matched to the TEMPO 3:4
tolvaptan subjects found in Step 1. The total absolute
difference in the logit of the propensity score for all
matches was 1.722285. In Step 3, REPRISE placebo
subjects were matched to TEMPO 3:4 placebo subjects
found in Step 1. The total absolute difference in the
logit of the propensity score for all matches was
0.78467.

In a comparison of subject characteristics by
completer/noncompleter status, P values were derived
by Fisher exact test for binary characteristics and by t-
test/Wilcoxon Test for continuous characteristics.
1034
RESULTS

Subject Disposition

In TEMPO 3:4, 740 of 961 (77.0%) subjects ran-
domized to the tolvaptan arm and 417 of 484 (86.2%)
randomized to the placebo arm completed the trial on
treatment.12 In REPRISE, the number of completers
was 578 of 683 (84.6%) for tolvaptan and 637 of 687
(92.7%) for placebo.13 Several completers in each
trial had missing or unusable eGFR data, yielding an
efficacy analysis population of 713 tolvaptan and 410
placebo completers for TEMPO 3:4 and 576 tolvaptan
and 634 placebo completers for REPRISE (Figure 1).
Testing of the potential interaction between
completer status and treatment found no treatment
difference between completers and noncompleters
in either TEMPO 3:4 (P ¼ 0.4846) or REPRISE
(P ¼ 0.0924).
Efficacy in the Completer Subpopulation

In both TEMPO 3:4 and REPRISE, rates of change in
eGFR with tolvaptan and placebo were very similar
between the total trial population and the subgroup of
treatment completers (Figure 2). Accordingly, the
treatment effect of tolvaptan versus placebo was also
similar between the total population and the subgroup
of treatment completers. Annualized TKV growth rate
was 2.8% for subjects in the tolvaptan group and 5.5%
for those in the placebo group in the total TEMPO 3:4
population (P < 0.001).12 Among the subgroup of
TEMPO 3:4 completers, annualized TKV growth rate
was 2.7% for subjects in the tolvaptan group and 5.5%
for those in the placebo group (P < 0.001). As with
rates of change in kidney function, rates of TKV
Kidney International Reports (2021) 6, 1032–1040



Figure 2. Effect of tolvaptan on eGFR change (ml/min per 1.73 m2/year) in the total trial population and treatment completer subset of TEMPO 3:4
(a) and REPRISE (b). aComparison of tolvaptan versus placebo within each analysis population. Data are � 95% confidence interval for TEMPO
3:4 and � standard error for REPRISE. eGFR, estimated glomerular filtration rate; PBO, placebo; TOL, tolvaptan.
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growth in the subpopulation of completers were similar
to those in the total trial population.

Impact of Baseline Characteristics

Subgroup analyses of completers by baseline charac-
teristics showed that tolvaptan was efficacious versus
placebo in slowing renal function decline regardless of
age, sex, or race in both trials (Supplementary
Tables S1 and S2). The few nonsignificant differences
between tolvaptan and placebo were in subgroups with
low subject numbers: non-Caucasian subjects in
TEMPO 3:4 and REPRISE and subjects aged >55 years
in REPRISE.

Propensity score matching for gender, age, and
baseline eGFR generated an analysis set of 108 subjects
for each trial (54 subjects in each of the tolvaptan and
placebo treatment arms). Gender composition was 23
women (43%) and 31 men (57%) in each matched tol-
vaptan and placebo group, and mean age was 42 to 44
years (Figure 3a). The mean eGFR (w53 ml/min per
1.73 m2) in the matched population fell within CKD
stage 3a, indicating the area of overlap in the 2 trial
populations between subjects with early- to moderate-
stage CKD (TEMPO 3:4) and subjects with moderate- to
late-stage CKD (REPRISE) (Figure 3b). The baseline
Kidney International Reports (2021) 6, 1032–1040
characteristics of the matched population are provided
in Supplementary Table S3 and the age and CKD stage
distributions are shown in Supplementary Figure S1. In
the matched population, the treatment effect of tol-
vaptan in TEMPO 3:4 (1.44 ml/min per 1.73 m2/year)
was similar to that in REPRISE (1.89 ml/min per 1.73
m2/year), with a nonsignificant difference of �0.45
(P ¼ 0.71) (Figure 4).

Analyses of baseline demographic and clinical
characteristics revealed potential associations of age,
body mass index, use of blood pressure lowering
drugs, history of hematuria, and history of kidney pain
with treatment completion in TEMPO 3:4 but not
REPRISE (Table 1).
DISCUSSION

Tolvaptan has demonstrated statistically and clinically
significant efficacy in reducing the rate of kidney
function decline in patients with ADPKD with both
early-stage and later-stage CKD, with slight differences
observed in the tolvaptan effect sizes between the total
TEMPO 3:4 and REPRISE populations. In TEMPO 3:4,
the annualized mean change in eGFR was reduced by
1.20 ml/min per 1.73 m2/year with tolvaptan versus
1035



Figure 3. (a) Eligible ages for trial enrollment and mean age of subjects matched by propensity score. (b) Eligible eGFR for trial enrollment and
mean eGFR of subjects matched by propensity score. eGFR, estimated glomerular filtration rate; PBO, placebo; TOL, tolvaptan.
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placebo.13 In REPRISE, tolvaptan reduced the annual-
ized mean change in eGFR by 1.27 ml/min per 1.73 m2/
year.13 In TEMPO 3:4, the annualized eGFR slope
was �2.72 ml/min per 1.73 m2/year in the tolvaptan
group versus �3.70 ml/min per 1.73 m2/year in the
placebo group (a difference of 0.98 ml/min per 1.73 m2/
year; 95% confidence interval 0.60–1.36; P < 0.001).12

In REPRISE, annualized eGFR slope was �3.16 ml/min
per 1.73 m2/year with tolvaptan and �4.17 ml/min per
1.73 m2/year with placebo, a significant difference of
1.01 ml/min per 1.73 m2/year (95% confidence interval
0.62–1.40; P < 0.001).13

The slightly greater tolvaptan treatment effects in
REPRISE might plausibly be ascribed to the higher
frequency of tolvaptan discontinuation during double-
blind treatment in TEMPO 3:4 (23.0%) compared with
REPRISE (15.0%). In this post hoc analysis, we evalu-
ated the hypothesis that subjects completing their
respective trials on treatment would show a larger ef-
fect size than those who discontinued treatment early.
No difference in effect size, however, was found
1036
between the total trial population and the subgroup of
completers. Tolvaptan was generally effective versus
placebo in subgroups of completers defined by baseline
age, sex, and race. The treatment difference between
tolvaptan and placebo was not significant in non-
Caucasian subjects in both trials and in subjects aged
>55 years in REPRISE, observations that may have
been due to the small sample sizes of these subgroups.
Given the lack of impact of treatment completion and
demographic characteristics on outcomes, the small
differences in tolvaptan treatment effect between
TEMPO 3:4 and REPRISE therefore appeared to be due
to differences in disease stage between the trial pop-
ulations, namely, earlier-stage CKD in TEMPO 3:4 and
later-stage CKD in REPRISE. Deterioration in kidney
function accelerates over the course of ADPKD,
enabling the easier detection of inhibitory effects on
eGFR decline in patients with later-stage disease.20,21

The importance of CKD stage at baseline is supported
by the observation that when differences in subject
baseline characteristics were accounted for via
Kidney International Reports (2021) 6, 1032–1040



Figure 4. Tolvaptan effect on eGFR slope (ml/min per 1.73 m2/year) in TEMPO 3:4 and REPRISE in subjects matched by propensity score (a).
Comparison of tolvaptan effect on eGFR slope (ml/min per 1.73 m2/year) between TEMPO 3:4 and REPRISE in subjects matched by propensity
score (b). aComparison of TOL versus PBO in the subset of propensity-matched subjects within TEMPO 3:4 and REPRISE. bComparison of TOL
effect between TEMPO 3:4 and REPRISE. eGFR data are � standard error. eGFR, estimated glomerular filtration rate; PBO, placebo; TOL,
tolvaptan.

AJ Mallett et al.: Adherence and Tolvaptan Effect Size in ADPKD CLINICAL RESEARCH
propensity matching, the treatment effect was not
significantly different between TEMPO 3:4 and
REPRISE. The lack of a significant treatment difference
observed between tolvaptan and placebo within the
matched REPRISE population may be due to the small
size of the propensity matched subgroup relative to the
total REPRISE cohort, which represents a limitation of
the analysis. An analysis of changes in TKV in TEMPO
3:4 completers versus the total trial population showed
similar results to the eGFR analyses, with little evident
effect of completion on outcomes.

Tolvaptan was consistently associated with a slow-
ing of eGFR decline by approximately 1 ml/min per
1.73 m2/year relative to placebo in TEMPO 3:4 and
REPRISE across completers and the overall trial pop-
ulations. Although evaluating the efficacy of treatment
for ADPKD remains an underresearched topic and there
are no generally agreed-on standards for the clinic,22 a
slowing of eGFR loss of 1 ml/min per 1.73 m2/year is
clinically meaningful and can be expected to substan-
tially slow progression to ESKD.23 Similarly, tolvaptan
slowed the annual increase in TKV by approximately
half, which can be expected to make an impact on
patient outcomes and quality of life over the long-term.

We found associations between baseline character-
istics and treatment completion in TEMPO 3:4. Subjects
who were older or took blood pressure medication were
more likely to be completers, possibly because they
were already accustomed to daily pharmacotherapy.
Kidney International Reports (2021) 6, 1032–1040
Mean baseline blood pressure itself did not signifi-
cantly differ by completer/noncompleter status. A
history of hematuria or kidney pain was negatively
associated with treatment completion. Previous
research on predictors of medication utilization sup-
ports a positive association between older age and
better adherence, whereas data on the impact of co-
morbidity or the use of multiple medications on
adherence are equivocal.24–26 Lower body mass index
was also positively associated with treatment comple-
tion in TEMPO 3:4. The finding of correlations between
subject characteristics and completer/noncompleter
status in TEMPO 3:4 but not REPRISE may be due to
the longer treatment period in TEMPO 3:4 (3 years vs. 1
year). Differences in trial design and trial populations
between TEMPO 3:4 and REPRISE must also be borne
in mind. The double-blind treatment phase of REPRISE
included only subjects who tolerated tolvaptan during
a preceding single-blind phase. Subjects enrolled in
REPRISE may also have been aware of the earlier
TEMPO 3:4 findings demonstrating efficacy of tol-
vaptan in ADPKD and thus have been more willing to
tolerate aquaretic adverse events. Given the established
association of decreased drug compliance with negative
health outcomes in chronic conditions, more research
on predictors of medication persistence is needed in the
context of treatment for ADPKD.27,28

Limitations of the analysis are the post hoc nature of
the analyses and the relatively small proportion of
1037



Table 1. Baseline characteristics of TEMPO 3:4 and REPRISE participants by completer status

Parameter

TEMPO 3:4 REPRISE

Completers (n [ 1157) Noncompleters (n [ 288) P value Completers (n [ 1215) Noncompleters (n [ 155) P value

Male, n (%) 605 (52) 141 (49) 0.32 612 (50) 68 (44) 0.15

Age (y), mean (SD) 39.03 (6.97) 37.15 (7.47) <.001 47.38 (8.05) 46.33 (8.99) 0.13

Age #55 y, n (%) 1157 (100) 288 (100) 1041 (86) 132 (85) 0.90

Caucasian, n (%) 972 (84) 246 (85) 0.59 1117 (92) 141 (91) 0.64

BMI (kg/m2), mean (SD) 25.95 (4.79) 26.88 (5.93) 0.005 27.87 (5.71) 27.71 (5.77) 0.75

SBP (mm Hg), mean (SD) 128.4 (13.59) 129.0 (13.21) 0.51 129.5 (14.09) 131.1 (14.23) 0.19

DBP (mm Hg), mean (SD) 82.44 (9.63) 82.59 (10.08) 0.81 82.18 (9.62) 83.52 (10.17) 0.10

BPLD use, n (%) 856 (74) 191 (66) 0.01 1060 (87) 129 (83) 0.17

RAASi use, n (%) 848 (73) 191 (66) 0.02 1049 (86) 127 (82) 0.14

Cholesterol (mmol/l), mean (SD) 5.00 (0.91) 5.03 (0.97) 0.71 5.04 (1.01) 4.99 (0.95) 0.55

Hypercholesterolemia, n (%) 287 (25) 68 (24) 0.70 546 (45) 60 (39) 0.15

LLD use, n (%) 149 (13) 30 (10) 0.27 396 (33) 45 (29) 0.41

Glucose (mmol/l), mean (SD) 5.19 (0.80) 5.22 (0.90) 0.63 5.15 (0.83) 5.04 (0.69) 0.13

Diabetes mellitus, n (%) 1 (0) 0 (0) 1.00 28 (2) 4 (3) 0.78

GLD use, n (%) 0 (0) 0 (0) 28 (2) 4 (3) 0.78

Hematuria, n (%) 388 (34) 115 (40) 0.05 333 (27) 44 (28) 0.78

Kidney pain, n (%) 567 (49) 168 (58) 0.005 607 (50) 75 (48) 0.73

Kidney stone, n (%) 225 (19) 71 (25) 0.06 247 (20) 33 (21) 0.75

Upper UTI (kidney/bladder), n (%) 355 (31) 99 (34) 0.23 292 (24) 38 (25) 0.92

eGFR (CKD-EPI), mean (SD) 81.13 (21.47) 83.53 (22.05) 0.09 41.13 (10.99) 39.92 (11.52) 0.25

Total kidney volume (ml), median (IQR) 1470 (1072, 2024) 1454 (1066, 1976) 0.34

Total kidney volume #2000 ml, n (%)a 131 (11) 18 (12) 0.78

Urine osmolality (mOsm/kg), mean (SD)b 498.4 (180.0) 515.3 (173.4) 0.15 168.8 (61.12) 169.1 (66.36) 0.95

BMI, body mass index; BPLD, blood pressure-lowering drugs; CKD-EPI, Chronic Kidney Disease-Epidemiology Collaboration; DBP, diastolic blood pressure; eGFR, estimated glomerular
filtration rate; GLD, glucose-lowering drugs; IQR, interquartile range; LLD, lipid-lowering drugs; RAASi, renin-angiotensin-aldosterone system inhibitors; SBP, systolic blood pressure; UTI,
urinary tract infection.
aTotal kidney volume was not assessed in REPRISE. During the screening period for REPRISE, the subject’s eligibility for the trial was confirmed using historical imaging data and
recorded total kidney volume, if available. Randomization was stratified in REPRISE by total kidney volume #2000 ml, >2000 ml, or unknown. Baseline total kidney volume was unknown
for 80% of subjects.
bUrine osmolality in TEMPO3:4 was collected on the day of randomization before participant exposure to tolvaptan. Urine osmolality in REPRISE was also collected on the day of
randomization; however, this was at the completion of active tolvaptan run-in and therefore while participants were exposed to fully titrated tolvaptan.
P-values were derived by Fisher exact test for binary characteristics. P values were derived by t-test/Wilcoxon test for continuous characteristics.
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noncompleters in each trial arm (ranging from 7.7% to
23.0%). The small number of noncompleters may have
decreased the power to detect differential effects of
completer versus noncompleter status. When REPRISE
was conducted, more was understood about the short-
term hemodynamic effects of tolvaptan, with the
timing of eGFR assessments designed to take these ef-
fects into account in evaluating long-term efficacy. The
assessment of treatment effect was therefore not iden-
tical between TEMPO 3:4 and REPRISE. In addition,
outcomes after drug discontinuation were monitored
differently in each trial. In REPRISE, eGFR data after
discontinuation were included in the dataset for the
overall population only for subjects who underwent
the Month 12 visit and at least 1 follow-up serum
creatinine assessment. In TEMPO 3:4, there was no
requirement for follow-up after discontinuation to
extend to end of study. Accordingly, the TEMPO 3:4
data may provide a less robust pool of data on
noncompleters.

Within the context of the demonstrated efficacy of
tolvaptan in subjects with ADPKD with early- to late-
stage CKD, the most important factor in determining
1038
tolvaptan effect size in inhibiting eGFR decline appears
to be stage of kidney disease at treatment commence-
ment. This conclusion is consistent with earlier find-
ings.20 Given that kidney function decline accelerates
with the progression of ADPKD, the effects of tol-
vaptan in slowing kidney function loss are most easily
discernible in later-stage patients. In clinical practice,
monitoring kidney function to assess the effects of
tolvaptan therapy, therefore, may be particularly use-
ful for patients with later-stage disease.
DISCLOSURES

AJM reports being a Medical Advisory Board member for

Otsuka; and receiving grants from Sanofi-Genzyme, PKD

Australia, Queensland Health, and NHMRC for studies

outside the submitted work. RDP reports grants from

Otsuka and Otsuka Steering Committee Membership dur-

ing the conduct of the study; grants from Department of

Defense, grants from Sanofi-Genzyme, personal fees from

Sanofi-Genzyme, Palladio Biosciences, and Reata, grants

from Kadmon, grants from Reata, other from UpToDate,

outside the submitted work. GR is a member of the
Kidney International Reports (2021) 6, 1032–1040



AJ Mallett et al.: Adherence and Tolvaptan Effect Size in ADPKD CLINICAL RESEARCH
Scientific Advisory Board of PKD Australia; received grants

from the National Health and Medical Research Council of

Australia; investigator-initiated grants from PKD Australia,

Danone Nutricia (manufacturer of bottled water), Otsuka

Australia, and been a member of an Advisory Board for

Sanofi-Genzyme. CH reports receiving personal fees from

GlaxoSmithKline, Johnson & Johnson, and Otsuka; and

grants from Baxter Healthcare, Fresenius Medical Care,

PKD Australia, Queensland Health, and NHMRC Australia

for studies outside the submitted work. TFH reports having

received research funding from AstraZeneca and Glax-

oSmithKline, and having served as an advisor to AstraZe-

neca and Vifor Pharma. JL is an employee of Otsuka. VET

reports grants and/or other fees from Acceleron Pharma

Inc., Blueprint Medicines, Mironid, Otsuka Pharmaceuti-

cals, Palladio Biosciences, Sanofi Genzyme, Regulus

Therapeutics, and Vertex Pharmaceuticals, all outside the

submitted work. All the other authors declared no

competing interests.

ACKNOWLEDGMENTS

This analysis was funded by Otsuka Pharmaceutical

Development & Commercialization, Inc. (Rockville, MD,

USA). Editorial services in preparation of the manuscript,

also funded by Otsuka, were provided by BioScience

Communications, Inc (New York, NY, USA).

SUPPLEMENTARY MATERIAL

Supplementary File (PDF)

Table S1. TEMPO 3:4 completers, annual rate of change in

renal function, estimated by CKD-EPI formula (ml/min per

1.73 m2/year).

Table S2. REPRISE completers, annualized change in eGFR

(ml/min per 1.73 m2/year) from pretreatment baseline to

posttreatment follow-up.

Table S3. Baseline characteristics of matched subjects

from TEMPO 3:4 and REPRISE.

Figure S1. The age (A) and chronic kidney disease stage (B)

distributions of the matched analysis population.

CONSORT Statement.

REFERENCES

1. Chapman AB, Devuyst O, Eckardt KU, et al. Autosomal-

dominant polycystic kidney disease (ADPKD): executive

summary from a Kidney Disease: Improving Global Out-

comes (KDIGO) Controversies Conference. Kidney Int.

2015;88:17–27.

2. Reule S, Sexton DJ, Solid CA, et al. ESRD from autosomal

dominant polycystic kidney disease in the United States,

2001-2010. Am J Kidney Dis. 2014;64:592–599.

3. Spithoven EM, Kramer A, Meijer E, et al. Renal replacement

therapy for autosomal dominant polycystic kidney disease

(ADPKD) in Europe: prevalence and survival–an analysis of

data from the ERA-EDTA Registry. Nephrol Dial Transplant.

2014;29(suppl 4):iv15–iv25.
Kidney International Reports (2021) 6, 1032–1040
4. Torres VE, Harris PC. Autosomal dominant polycystic kidney

disease: the last 3 years. Kidney Int. 2009;76:149–168.

5. Gansevoort RT, Arici M, Benzing T, et al. Recommendations

for the use of tolvaptan in autosomal dominant polycystic

kidney disease: a position statement on behalf of the ERA-

EDTA Working Groups on Inherited Kidney Disorders and

European Renal Best Practice. Nephrol Dial Transplant.

2016;31:337–348.

6. JYNARQUE [package insert]. Rockville, MD: Otsuka America

Pharmaceutical, Inc.; 2019.

7. Mustafa RA, Yu ASL. Burden of proof for tolvaptan in ADPKD:

did REPRISE provide the answer? Clin J Am Soc Nephrol.

2018;13:1107–1109.

8. Devuyst O, Torres VE. Osmoregulation, vasopressin,

and cAMP signaling in autosomal dominant polycystic

kidney disease. Curr Opin Nephrol Hypertens. 2013;22:

459–470.

9. Torres VE, Wang X, Qian Q, et al. Effective treatment of an

orthologous model of autosomal dominant polycystic kidney

disease. Nat Med. 2004;10:363–364.

10. Torres VE, Harris PC. Strategies targeting cAMP signaling in

the treatment of polycystic kidney disease. J Am Soc Neph-

rol. 2014;25:18–32.

11. Wang X, Wu Y, Ward CJ, et al. Vasopressin directly regulates

cyst growth in polycystic kidney disease. J Am Soc Nephrol.

2008;19:102–108.

12. Torres VE, Chapman AB, Devuyst O, et al. Tolvaptan in pa-

tients with autosomal dominant polycystic kidney disease.

N Engl J Med. 2012;367:2407–2418.

13. Torres VE, Chapman AB, Devuyst O, et al. Tolvaptan in later-

stage autosomal dominant polycystic kidney disease. N Engl

J Med. 2017;377:1930–1942.

14. Baur BP, Meaney CJ. Review of tolvaptan for autosomal

dominant polycystic kidney disease. Pharmacotherapy.

2014;34:605–616.

15. Gupta SK. Intention-to-treat concept: a review. Perspect Clin

Res. 2011;2:109–112.

16. McCoy CE. Understanding the intention-to-treat principle in

randomized controlled trials. West J Emerg Med. 2017;18:

1075–1078.

17. European Medicines Agency. Guideline on missing data in

confirmatory clinical trials. London, UK: 2011. Available at:

https://www.ema.europa.eu/en/documents/scientific-guideline/

guideline-missing-data-confirmatory-clinical-trials_en.pdf.

Accessed May 6, 2020.

18. National Research Council Panel on Handling Missing

Data in Clinical Trials. The Prevention and Treatment of

Missing Data in Clinical Trials. Washington, DC: The Na-

tional Academies Press; 2010. Available at: https://www.

ncbi.nlm.nih.gov/books/NBK209904/. Accessed May 6,

2020.

19. Irazabal MV, Blais JD, Perrone RD, et al. Prognostic enrich-

ment design in clinical trials for autosomal dominant poly-

cystic kidney disease: the TEMPO 3:4 clinical trial. Kidney Int

Rep. 2016;1:213–220.

20. Torres VE, Higashihara E, Devuyst O, et al. Effect of tolvaptan

in autosomal dominant polycystic kidney disease by CKD

stage: results from the TEMPO 3:4 trial. Clin J Am Soc

Nephrol. 2016;11:803–811.
1039

https://doi.org/10.1016/j.ekir.2021.01.014
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref1
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref1
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref1
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref1
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref1
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref2
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref2
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref2
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref3
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref3
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref3
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref3
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref3
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref4
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref4
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref5
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref5
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref5
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref5
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref5
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref5
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref6
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref6
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref7
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref7
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref7
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref8
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref8
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref8
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref8
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref9
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref9
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref9
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref10
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref10
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref10
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref11
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref11
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref11
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref12
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref12
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref12
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref13
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref13
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref13
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref14
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref14
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref14
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref15
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref15
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref16
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref16
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref16
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-missing-data-confirmatory-clinical-trials_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-missing-data-confirmatory-clinical-trials_en.pdf
https://www.ncbi.nlm.nih.gov/books/NBK209904/
https://www.ncbi.nlm.nih.gov/books/NBK209904/
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref19
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref19
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref19
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref19
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref20
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref20
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref20
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref20


CLINICAL RESEARCH AJ Mallett et al.: Adherence and Tolvaptan Effect Size in ADPKD
21. Yu ASL, Shen C, Landsittel DP, et al. Long-term trajectory of

kidney function in autosomal-dominant polycystic kidney

disease. Kidney Int. 2019;95:1253–1261.

22. Chebib FT, Perrone RD, Chapman AB, et al. A practical guide

for treatment of rapidly progressive ADPKD with tolvaptan.

J Am Soc Nephrol. 2018;29:2458–2470.

23. Yu ASL, El-Ters M, Winklhofer FT. Clinical trials in autosomal

dominant polycystic kidney disease. In: Li X, ed. Polycystic

Kidney Disease [Internet]. Brisbane (AU): Codon Publications;

2015. Chapter 6. Available at: https://www.ncbi.nlm.nih.gov/

books/NBK373379/. Accessed January 12, 2021.

24. Calderón-Larrañaga A, Diaz E, Poblador-Plou B, et al. Non-

adherence to antihypertensive medication: the role of mental

and physical comorbidity. Int J Cardiol. 2016;207:310–316.
1040
25. Crowley MJ, Zullig LL, Shah BR, et al. Medication non-

adherence after myocardial infarction: an exploration of

modifying factors. J Gen Intern Med. 2015;30:83–90.

26. Jin J, Sklar GE, Min Sen Oh V, et al. Factors affecting thera-

peutic compliance: a review from the patient’s perspective.

Ther Clin Risk Manag. 2008;4:269–286.

27. Horwitz RI, Viscoli CM, Berkman L, et al. Treatment adherence

and risk of death after a myocardial infarction. Lancet.

1990;336:542–545.

28. Karlsson SA, Eliasson B, Franzén S, et al. Risk of cardiovas-

cular event and mortality in relation to refill and guideline

adherence to lipid-lowering medications among patients with

type 2 diabetes mellitus in Sweden. BMJ Open Diabetes Res

Care. 2019;7:e000639.
Kidney International Reports (2021) 6, 1032–1040

http://refhub.elsevier.com/S2468-0249(21)00016-4/sref21
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref21
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref21
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref22
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref22
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref22
https://www.ncbi.nlm.nih.gov/books/NBK373379/
https://www.ncbi.nlm.nih.gov/books/NBK373379/
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref24
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref24
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref24
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref25
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref25
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref25
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref26
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref26
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref26
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref27
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref27
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref27
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref28
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref28
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref28
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref28
http://refhub.elsevier.com/S2468-0249(21)00016-4/sref28

	Per-Treatment Post Hoc Analysis of Clinical Trial Outcomes With Tolvaptan in ADPKD
	Methods
	TEMPO 3:4 and REPRISE Trial Design and Population
	Outcomes Evaluated in the Post Hoc Analyses
	Statistical Methods

	Results
	Subject Disposition
	Efficacy in the Completer Subpopulation
	Impact of Baseline Characteristics

	Discussion
	Disclosures
	Acknowledgments
	Supplementary Material
	References


