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 ABSTRACT

In the past, Tolvaptan Efficacy and Safety in Management of  Autosomal Dominant Polycystic Kidney Disease (ADPKD) and 
its Outcomes (TEMPO) trial showed Tolvaptan, a vasopressin V2-receptor antagonist, slowed the decline in the estimated 
Glomerular Filtration Rate (eGFR) in patients with estimated creatinine clearance of  ≥60 ml per minute.

With this in consideration, Replicating Evidence of  Preserved Renal Function: Investigation of  Tolvaptan Safety and Efficacy 
(REPRISE) trial was conducted to assess the efficacy and safety of  Tolvaptan in patients with later stage ADPKD. In this trial, 
1370 patients with later-stage ADPKD were randomized. These patients were either 18 to 55-years-old with eGFR of  25 to 65 
mL per minute per 1.73 m2 of  body surface area or 56 to 65-years-old with eGFR of  25 to 44 mL per minute per 1.73 m2.  The 
primary end-point of  this trial was the change in eGFR between baseline and end of  trial period, with adjustments made for 
exact duration that each patient participated for, interpolated to 1 year.

The change from baseline that was noted in the Tolvaptan group was -2.34 mL per minute per 1.73 m2 vs. -3.61 mL per minute 
per 1.73 m2 in the placebo group. A difference of  1.27 mL per minute per 1.73 m2 (95% CI, p<0.001) was noted.

Based on the data collected by the REPRISE trial over a 1-year period, it can be concluded that Tolvaptan slows the decline in 
eGFR than placebo in patients with later stage ADPKD.
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INTRODUCTION

Autosomal Dominant Polycystic Kidney Disease (ADPKD) 
is one of  the leading causes of  end-stage kidney disease in 

adults. This disease results from mutations in the genes Polycystin-1 
(PKD1) or Polycystin-2 (PKD2), with PKD1 located on short arm 
of  chromosome 16 and PKD2 on the long arm of  chromosome 
4.1,2,4 It is also believed that in such patients, Vasopressin upon 
binding to V2 receptors, stimulates adenylyl cyclase to produce 
cAMP, causing cyst formation and fluid secretion.1 Therefore, V2-
receptor blockers such as Tolvaptan can reduce cyst formation and 
protect kidney function.1-3  In the TEMPO 3:4 trial, which involved 
patients with early ADPKD with3 creatinine clearance of  ≥60 
mL per minute per 1.73 m2, Tolvaptan showed a reduced kidney 
proliferation and a slower decline in eGFR.5 In the TEMPO 4:4 
trial, which was an open-label treatment which followed the same 
group of  patients for additional two years, continued benefit of  
slower decline in eGFR was seen.6 However, in a small percent of  
the patient population, hepatotoxicity was noted.7 The patients in 
the TEMPO trials were monitored every four months, and two 
patients in the TEMPO 3:4 trial, and one patient in the TEMPO 
4:4 trial suffered from a serious adverse drug-related liver injury. To 
prevent such adverse events and to increase safety of  Tolvaptan in 
the patients of  the REPRISE trial, monthly monitoring for toxic 
effects in the liver were conducted during the length of  this trial.8

METHODS

The REPRISE trial was conducted from May 2014 to March 
2016. Patients from 213 sites globally were enrolled in the trial. 
Eligible patients were either 18 to 55-years-old with eGFR of  
25 to 65 mL per minute per 1.73 m2 or 56 to 65-years-old with 
eGFR of  25 to 44 mL per minute per 1.73 m2. The older age group 
patients had a historical evidence of  decline in eGFR of  more 
than 2.0 mL per minute per 1.73 m2.9 Each enrolling site had their 
individual Institutional Review Board (IRB) review the protocol 
and the informed consent form (ICF). A group of  investigators 
and representatives of  the sponsor oversaw the trial. A safety 
monitoring committee was set up as well. At the end of  the trial, 
all the data was collected and analyzed by the sponsor. The full 
article of  the trial is available at NEJM.org.8

	 At the beginning of  the trial, 2292 patients were eligible 
globally. Out of  these 2292, 1519 (66.2%) patients, entered an 
eight-week pre-randomization period that was divided into a 
screening phase, a single-blind placebo run-in phase, and a single-
blind Tolvaptan phase, which comprised of  a dose-adjustment 
phase and a run-in phase. At the end, 1370 patients (58.7%) of  
the total eligible patients were randomized. During randomization, 
685 patients (50% of  randomized) received placebo and 681 
patients (49.7% of  randomized) received Tolvaptan (Figure 1). 

Figure 1. The Trial Design12
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These patients were followed for a 1-year period, and at the end, 
they were required to have three follow-up lab visits between days 
7 and 40 from receipt of  last dose of  assigned trial medication 
(Tolvaptan/placebo). Patients who were unable to complete the 
trial or withdrew early had their follow-up visits scheduled after the 
discontinuation of  the trial medication with a final follow-up at the 
originally scheduled 12-month visit.

	 During this study, serum creatinine levels were measured 
centrally using mass spectroscopy.8,10 The eGFR calculations were 
based on the chronic kidney disease epidemiology collaboration 
equation.11

	 Patients were assessed and evaluated at the screening, 
placebo run-in, and single-blind Tolvaptan period, to establish a 
baseline. 

	 Throughout the duration of  the study, patients underwent 
monthly lab testing to evaluate for elevated ALT and elevated total 
bilirubin levels. Based on the reports of  hepatotoxicity noted in 
patients during the TEMPO 3:4 trial, safety monitoring committee 
established the guideline for routine monthly monitoring. 
Elevations of  ALT three times the upper normal limit of  the 
normal range and elevations of  total bilirubin more than two times 
the upper limit of  normal range were reported.

Primary End-Point

The primary end-point of  the study is the change in eGFR noted 
from the baseline (before placebo/Tolvaptan treatment) to follow-
up at the end of  the trial (after placebo/Tolvaptan treatment). 
Patients with early withdrawal had adjustments made with 

interpolation to 1-year. Without such adjustments, the group with 
more early withdrawals would be at an advantage, because patients 
with early withdrawal will have had less time for renal function 
decline, and such discrepancy would skew the data.

Secondary End-Point

The secondary end-point of  the study is the slope of  the change 
in eGFR, based on individual slopes of  each patient. Similar 
interpolation to 1-year was made in patients who withdrew early 
from the trial.
	
RESULTS

The statistical analysis of  the primary end-point which was the 
mean (±SE) change in the eGFR at 1-year was -2.34±0.24 mL per 
minute per 1.73 m2 (95% CI, -2.81 to -1.87) in the tolvaptan group, 
as compared with -3.61±0.24 mL per minute per 1.73 m2 (95% 
CI, -4.08 to -3.14) in the placebo group. The difference between 
eGFR decline in the tolvaptan group compared with the placebo 
group was 1.27 mL per minute per 1.73 m2 (95% CI, 0.86 to 1.68; 
p<0.001) indicating a significantly lower decrease in eGFR in the 
tolvaptan group. This benefit was also portrayed when comparing 
subgroups within the tolvaptan and placebo groups except in the 
older than 55-years of  age, nonwhite and stage 2 chronic kidney 
disease categories where there was an absence of  a statistically 
significant difference (Figure 2).

	 The key secondary end-point in this study was the mean 
slopes of  the change in eGFR at 1-year which in the tolvaptan 
group was −3.16±0.14 mL per minute per 1.73 m2 (95% CI, -3.43 
to -2.89) as compared with -4.17±0.14 mL per minute per 1.73 

Figure 2. The Analysis of Subgroups12
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m2 (95% CI, -4.45 to -3.89) in the placebo group. This category 
showed a statistically significant difference between the two groups 
which was 1.01 mL per minute per 1.73 m2 (95% CI, -0.62 to -1.40; 
p<0.001). Subgroup analysis in the secondary end-point showed a 
beneficial effect of  tolvaptan in all the categories except those who 
were in the subgroups of  older than 55-years of  age, nonwhite 
and stage 2 chronic kidney disease all of  which did not show a 
statistically significant difference (Figure 2). 

	 The rates of  adverse events in the 5-week single-blind 
tolvaptan period, were higher than the group administered with 
tolvaptan in the 1-year double-blind period. During the double-
blind period, the rates of  adverse events between the tolvaptan and 
placebo group did not have a notable difference and were 85.3% 
and 82.3% respectively. Patients in the tolvaptan group had higher 
rates of  polyuria, nocturia, thirst, polydipsia, dry mouth, diarrhea, 
and fatigue, whereas those in the placebo group had higher rates 
of  peripheral edema, kidney pain, and urinary tract infection. The 
adverse events patients experienced during this trial were mild to 
moderate in severity. In this study, 101 of  1491 patients (6.8%) 
in the single-blind tolvaptan period, 65 of  681 patients (9.5%) 
receiving tolvaptan in the double-blind period, and 15 of  685 
(2.2%) receiving placebo in the double-blind period, experienced 
significant adverse events which resulted in discontinuation of  trial 
regimen in these individuals.

	 Another variable that was compared between the two 
groups was the liver enzymes. The alanine aminotransferase levels 
exceeded three times the upper limit of  the normal range in 38 
patients (5.6%) in the tolvaptan group, as compared with 8 (1.2%) 
in the placebo group. In either group there were no patients with 
bilirubin levels elevated to more than two times the upper limit of  
the normal range. The elevated liver-enzymes in all cases returned 
to normal following the withholding or discontinuation of  the 
treatment. 

DISCUSSION

Based on the analysis of  the primary end-point, patients with more 
advanced ADPKD (mean [±SD] eGFR of  41.0±11.1 mL per 
minute per 1.73 m2 at a mean [±SD] 47±8 years of  age) who can 
tolerate tolvaptan without an unacceptable level of  adverse effects, 
can benefit from a 1-year course of  tolvaptan treatment as a result 
of  lower decrease in eGFR compared to placebo which indicates 
a slower loss of  renal function in these individuals. Moreover, 
the key secondary end-point depicted a difference between mean 
slopes of  the change in eGFR of  1.01 mL per minute per 1.73 
m2 in a year (95% CI, 0.62 to 1.40; p<0.001) that was similar to 
1.20 mL per minute per 1.73 m2 per year that was observed in 
the TEMPO 3:4 trial, which involved patients with early-stage 
ADPKD (mean [±SD] estimated GFR, 81.6±29.6 mL per minute 
per 1.73 m2 at a mean [±SD] 39±7 years of  age)5. Furthermore, 
the eGFR benefit in the tolvaptan group in 3 years of  TEMPO 3:4 
trial (3.34 mL per minute per 1.73 m2, p<0.001) was preserved 2 
years later in the TEMPO 4:4 open-label extension study (3.15 mL 
per minute per 1.73 m2, p<0.001) where all the patients received 
tolvaptan treatment.13 

	 The statistical analysis of  the primary and secondary 
end-points portrayed the beneficial effect of  tolvaptan in all the 
categories except those who were in the subgroups of  older than 
55 years of  age, nonwhite and stage 2 chronic kidney disease 
(Figure 2). However, these subgroups contained a relatively smaller 
subject size compared to other subgroups and as a result, it cannot 
firmly be inferred that tolvaptan has no beneficial effect in these 
groups. 

	 As a result of  tolvaptan causing serious adverse drug-
related liver injury in some of  the patients enrolled in TEMPO 
trials, the REPRISE trial monitored the patients’ liver enzyme levels 
in a more frequent manner for toxic effects of  tolvaptan.8 This 
system had the benefit of  discontinuing the treatment following 
elevation in liver-enzymes which lead to return of  enzymes to the 
normal range. Based on the results of  this study, the liver enzyme 
elevations were temporary and there were no permanent liver 
damage; indicating that more frequent monitoring and a timely 
discontinuation of  treatment is effective in preventing liver injury 
in patients being treated with tolvaptan. 

	 The REPRISE study had some limitations that could 
be addressed in future studies. The main one being measurement 
of  tolvaptan effect in patients with advanced stage ADPKD in a 
1-year period and as a result, the long-term benefits of  tolvaptan in 
this patient population cannot be inferred based on these results.

	 However, the post hoc analysis of  patients with stage 
3 CKD in the TEMPO 3:4 trial portrayed beneficial effects of  
tolvaptan over the 3 years of  that study (1.67 mL per minute per 
1.73 m2 per year).14 Another limitation of  this study is that it did 
not include the total kidney volume as was done in the TEMPO 
trial. This measurement would have enriched the data and helped 
gain a better understanding of  Tolvaptan effect on kidney size. 
Finally, the patients in the REPRISE trial were asked to maintain 
good hydration which leads to vasopressin release suppression in 
the placebo group patients. This limits the outcome of  the trial by 
underestimating the benefit of  tolvaptan treatment.

	 In conclusion, Tolvaptan was shown to slow the 
progressive loss of  renal function in patients with advanced 
ADPKD in a 1-year course of  treatment. Future studies must be 
performed in order to further investigate the long-term benefit of  
Tolvaptan treatment in patients with later stage ADPKD following 
the 1-year period. Also, future studies should aim to include a 
larger patient population in order to find out if  there is indeed 
no benefit in using tolvaptan in patients from subgroups of  older 
than 55-years of  age, nonwhite and stage 2 chronic kidney disease. 
Frequent monitoring of  the liver-enzyme levels on a monthly 
basis, helped reduce drug-induced liver injury, possibly due to early 
detection and discontinuation of  therapy. 

	 Following the TEMPO trials’ outcome, tolvaptan which 
is indicated to slow the decline in kidney function in adults at risk 
of  rapidly progressing ADPKD was approved for use in ADPKD 
by regulatory agencies in Japan, Canada, and Western Europe. In 
2013, the US Food and Drug Administration (FDA) requested 
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a confirmatory trial, although as of  2018, tolvaptan has been 
approved for the use in ADPKD.15

	 The TEMPO trial and the REPRISE trial were not first 
of  its kind in which scientists used a drug to study its effect on 
the progression of  ADPKD. In the past, drugs such as Sirolimus 
(mTOR inhibitor) and Somatostatin analogues have been 
extensively studied to assess their therapeutic benefits versus risks 
in patients with ADPKD. 

	 From September 2010 to March 2012, a prospective, 
single-center, randomized, open label study was conducted in which 
individuals were randomized to sirolimus added on to conventional 
treatment therapy OR conventional treatment alone, with the 
primary endpoint of  eGFR change at 1- and 3-years compared 
to baseline. At the 1-year analysis, it was observed that the GFR 
fell from 26.7±5.8 to 21.3±6.3 mL per minute per 1.73 m2 in the 
sirolimus group and 29.6±5.6 to 24.9±6.2 mL per minute per 1.73 
m2 in the conventional treatment group.16 Increased albuminuria 
and proteinuria were also observed in the group with sirolimus. 
Fourteen individuals in the sirolimus treatment group developed 
upper respiratory tract infections versus 11 in the control group. 
Three patients on sirolimus had angioedema, 14 had aphthous 
stomatitis, and seven patients had acne. At one year, total kidney 
volume increased by 9.0% in the sirolimus group versus 4.3% in 
the conventional therapy group.16 Therefore it was concluded, that 
mTOR inhibitor therapy was contraindicated and ineffective in 
patients with ADPKD.

	 A similar trial was conducted observing the effect of  
somatostatin analogue, octreotide, and its effect on ADPKD. 
From April 2006 to May 2008, a randomized, single-blind, 
placebo controlled trial was conducted in which individuals were 
randomized to a 3-year treatment with two 20 mg IM octreotide- 
LAR (long-acting release) or 0.9% sodium chloride solution every 
28 days, with primary endpoint of  total kidney volume (TKV) 
change at 1-year and 3-year follow-up. At 1-year follow-up, it was 
noted that the mean increase in the TKV was much slower in 
the octreotide group (46.2 mL) compared to the placebo group 
(143.7 mL).17 At the 3-year follow-up, mean increase from baseline 
in octreotide group was 220.1 mL compared to 454.3 mL.17  

There was no difference in the number of  adverse events seen 
in both groups. Based on the findings provided by this study, it 
was concluded that somatostatin analogues have protective effect 
against renal function loss in patients with ADPKD.17

	 Trials of  this sort should encourage more studies 
on pharmacological agents in order to better understand their 
therapeutic benefits versus risks in patients with ADPKD. And, 
if  they are proven to be therapeutically beneficial with minimal 
adverse effects, they need to be used in treating our patient 
population with ADPKD to slow their kidney function decline. 
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