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Tolvaptan and Number Needed to Harm in
Autosomal Dominant Polycystic Kidney
Disease
To the Editor:
Autosomal dominant polycystic kidney disease (ADPKD)

is a progressive inherited disorder in which renal tissue is
gradually replaced with fluid-filled cysts.1,2 As ADPKD ad-
vances, loss of kidney function may ultimately lead to
kidney failure, at which point dialysis or kidney transplant
are the only treatment options.2 Therefore, slowing the
progression of ADPKD is a major goal for patients who are
affected, although, until recently, existing treatments
focused only on managing symptoms and complications.3

The vasopressin V2-receptor antagonist tolvaptan was
the first treatment demonstrated to slow kidney function
decline in adults at risk of rapidly progressing ADPKD.3

Tolvaptan was approved for this indication by the Euro-
pean Commission in 2015 and the US Food and Drug
Administration in 2018 based on 2 randomized phase 3
trials: TEMPO 3:4 (NCT00428948) and REPRISE
(NCT02160145).3-6 In TEMPO 3:4, adults with early-stage
ADPKD (n = 1,445) who received tolvaptan had signifi-
cantly reduced kidney function decline compared with
placebo by 26% over 3 years (reciprocal of the serum
creatinine level, −2.61 versus −3.81 [mg per milliliter]−1

per year, respectively; P < 0.001).5 The efficacy of tol-
vaptan in this trial was sustained over a further 2 years in
the open-label extension trial TEMPO 4:4 (NCT01214421)
among the same population.6 Furthermore, in the 1-year
REPRISE trial, tolvaptan reduced kidney function decline
by 35% among patients with later-stage ADPKD.4

Tolvaptan has been reported to be associated with liver
injury in TEMPO 3:4 and TEMPO 4:4,5,6 and the potential
risk of liver injury is closely monitored under the Food and
Drug Administration by the JYNARQUE Risk Evaluation
and Mitigation Strategy (REMS).7 To assess the safety
profile of tolvaptan, this study calculated the number
needed to harm (NNH) with tolvaptan versus placebo on
measures of liver function using data from TEMPO 3:4.

The safety events considered in this study were elevation
in alanine aminotransferase (ALT) to >3 times (3×) and >5
Table 1. NNH for Liver Function Abnormalities Associated With T

Liver Function Abnormalities

12 M

% with ≥ 1 event

NNH (Tolvaptan Placebo
ALT elevation
> 3× ULN 2.4% 0.6% 56.19
> 5× ULN 0.9% 0.2% 136.53

Serious ALT or AST
elevationa

0.8% 0.2% 159.89

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, c
limit of the normal range.
aAs defined in TEMPO 3:4.5
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times (5×) the upper limit of the normal range (ULN), and
serious ALT or aspartate aminotransferase (AST) elevation.
Detailed methods are described in Item S1.

This study included 961 patients from the tolvaptan arm
and 483 from the placebo arm of TEMPO 3:4. The NNHs
for ALT >3× ULN compared tolvaptan versus the placebo
for ADPKD was 56.19 (95% confidence interval [CI],
33.60-171.33) over 12 months and 39.81 (25.59-89.57)
over 24 months (Table 1). This means that for every 100
patients treated with tolvaptan instead of placebo, 1.78 and
2.51 additional patients would have ALT >3× ULN over 12
and 24 months, respectively.

The proportions of patients with ALT >5× ULN and
serious ALT or AST elevation were not significantly
different between the 2 arms in either period, yielding
NNH values above 135 (Table 1). This result means that
for every 100 patients treated with tolvaptan instead of
placebo, fewer than 1 additional patient would experience
ALT >5× ULN or serious ALT or AST elevation over 12 or
24 months.

Tolvaptan remains the only treatment to demonstrate
efficacy for slowing kidney function decline, which sub-
sequently slows the progression to end-stage kidney fail-
ure.4-6 In the context of the efficacy benefit observed in
TEMPO 3:4 (the number needed to treat to prevent one
25% decline in estimated glomerular filtration rate over 3
years was previously reported to be approximately 11),5,8

the large NNH values estimated in this study demonstrate
an acceptable safety profile regarding liver abnormalities
for tolvaptan among patients with ADPKD. For every 100
patients treated with tolvaptan, just 2-3 additional patients
would experience ALT elevation to >3× ULN over 12 and
24 months, whereas the risks of ALT elevation to >5× ULN
and serious ALT or AST elevation were not found to be
statistically significantly different between tolvaptan and
placebo.

The risk of liver injury among patients with ADPKD
receiving tolvaptan can be mitigated through frequent
monitoring, as demonstrated in the REPRISE trial.4 In the
United States, tolvaptan is currently available only through
the JYNARQUE REMS program, which mandates moni-
toring of liver function at 2 and 4 weeks after initiation,
then monthly for 18 months, and every 3 months there-
after.7 In the interim analysis of 6,711 patients treated with
olvaptan Over 12 and 24 Months

24 M

95% CI)

% with ≥ 1 event

NNH (95% CI)Tolvaptan Placebo

(33.60-171.33) 3.3% 0.8% 39.81 (25.59-89.57)
(ns) 0.9% 0.2% 136.53 (ns)
(ns) 0.9% 0.4% 191.41 (ns)

onfidence interval; NNH, number needed to harm; ns, not significant; ULN, upper
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tolvaptan through the REMS program, <1% experienced
possible severe drug-induced liver injury, confirming that
frequent monitoring enables timely identification of liver
enzyme abnormalities and appropriate drug discontinua-
tion.7 Thus, with sufficient monitoring, the benefits of
tolvaptan outweigh the potential harm for most patients at
risk of rapidly progressing ADPKD.

The results should be interpreted in light of several
limitations, including those of TEMPO 3:4. In addition,
these results may not be generalizable to patients with
ADPKD in the real-world because the analysis were based
on data from a randomized clinical trial performed in a
controlled environment, which is not the situation in real-
world clinical practice. Moreover, the estimates in this
study may be conservative because liver enzyme testing was
performed every 4 months in the TEMPO 3:4 trial, which
may be less frequent than in real-world clinical practice.
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