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ABSTRACT

Background. On approval of JYNARQUE (tolvaptan) for use in patients with autosomal dominant polycystic kidney
disease (ADPKD) at risk for rapid progression, the US Food and Drug Administration required a Risk Evaluation and
Mitigation Strategy (REMS) from the sponsor, which includes collection of post marketing liver safety data.
Methods. This is a retrospective interim analysis of the ongoing REMS. The period evaluated was from REMS
implementation (14 May 2018) at tolvaptan commercialization to the analysis cutoff date (23 February 2021). Patients
were previously tolvaptan-naïve and initiated tolvaptan in the post marketing setting. Reports of possible severe
drug-induced liver injury (DILI) were evaluated for severity based on the evidence obtained (e.g. liver enzyme levels,
symptoms, diagnostic tests and event outcomes). The incidence of DILI was compared between the REMS and tolvaptan
clinical trials in ADPKD.
Results. Among 6711 REMS patients, 60 (0.9%) cases of possible severe DILI were reported, 4 of which were confirmed as
serious and potentially fatal by the sponsor. One of these four patients met Hy’s law criteria. In all four patients, liver
enzymes normalized after tolvaptan discontinuation. The duration of tolvaptan exposure in the REMS is currently
shorter than in completed clinical trials, but within this limitation, the incidence of possible severe DILI was lower in the
REMS than in clinical trials (incidence rate ratio 0.587; P = .000411).
Conclusions. In interim data on >6000 tolvaptan REMS patients, <1% experienced possible severe DILI. Monthly
monitoring, as described in the tolvaptan prescribing information, enables the prompt detection of liver enzyme
abnormalities and appropriate drug discontinuation.

Keywords: autosomal dominant polycystic kidney disease (ADPKD), cystatin C, drug-induced liver injury (DILI), liver
safety, post marketing surveillance, Risk Evaluation and Mitigation Strategy (REMS), tolvaptan

Received: 12.1.2022; Editorial decision: 22.2.2022

© The Author(s) 2022. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the Creative
Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution,
and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

1553

https://academic.oup.com/
https:/doi.org/10.1093/ckj/sfac076
mailto:alvin.estilo@otsuka-us.com
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com


1554 A. Estilo et al.

INTRODUCTION

Autosomal dominant polycystic kidney disease (ADPKD) is a
hereditary condition in which the development and growth of
kidney cysts inexorably leads to a decline in the glomerular fil-
tration rate (GFR) and eventually kidney failure [1]. In clinical
trials, JYNARQUE (tolvaptan) demonstrated efficacy in slowing
the loss of kidney function among subjects with ADPKD at risk
of rapid progression [2–4]. Tolvaptan received US Food and Drug
Administration (FDA) approval in April 2018 as the first pharma-
cotherapy for ADPKD in the USA, with an indication for slowing
kidney function decline in adults at risk for rapidly progressing
ADPKD [5].

During the clinical development program for tolvaptan as a
treatment for ADPKD, liver safety signals were detected during
routine safety monitoring by an independent data monitoring
committee [6]. An imbalance was seen in the proportion of
subjects with alanine aminotransferase (ALT) >3 × the upper
limit of normal (ULN), 4.4% tolvaptan versus 1.0% placebo, in
the Tolvaptan Efficacy and Safety in Management of Autoso-
mal Dominant Polycystic Kidney Disease and Its Outcomes
(TEMPO) 3:4 trial (NCT00428948). Additionally, two subjects in
TEMPO 3:4 and one subject in the TEMPO 4:4 extension trial
(NCT01214421) met Hy’s law criteria, i.e. serum ALT or aspartate
aminotransferase (AST) ≥3 × ULN and total bilirubin >2 × ULN,
in the absence of cholestasis and without any other reason to
explain the elevations [7]. The three cases were 0.26% of 1142
unique subjects who were treated with tolvaptan in TEMPO
3:4 (n = 961) and/or TEMPO 4:4 (n = 181). The transaminase
elevations exhibited a characteristic pattern in which the
window of susceptibility for clinical events was within the first
18 months of treatment, resolving within ∼4 months after
tolvaptan discontinuation in all subjects [6]. After detection
of these signals, liver chemistry testing—which had been
conducted every 4 months throughout TEMPO 3:4 and initially
every 6 months in TEMPO 4:4—was increased in frequency in
TEMPO 4:4 to every 3 months, then to monthly. In the second
pivotal trial [Replicating Evidence of Preserved Renal Function:
An Investigation of Tolvaptan Safety and Efficacy in ADPKD
(REPRISE); NCT02160145], liver function testing was conducted
monthly for the entirety of the 1-year study [4, 6]. The fre-
quency of ALT >3 × ULN (5.6% tolvaptan versus 1.2% placebo)
in REPRISE was similar to that in the TEMPO program, but no
additional cases meeting Hy’s law criteria were reported, likely
due to monthly monitoring and timely interruption of study
medication in subjects experiencing liver enzyme elevations [4].

Given the clinical trial liver safety findings, the FDA required
the implementation of a Risk Evaluation and Mitigation Strat-
egy (REMS) on approval of tolvaptan for the treatment of ADPKD,
which was initiated on 14 May 2018. Program requirements in-
clude educating healthcare providers and patients about the risk
of serious and potentially fatal liver injury associated with the
use of tolvaptan, conducting liver chemistry monitoring at spec-
ified times in patients prescribed tolvaptan [i.e. before treatment
(baseline), 2 weeks and 4 weeks after tolvaptan initiation, then
monthly for the first 18 months and every 3 months thereafter],
and reporting of adverse events suggestive of serious and po-
tentially fatal liver injury. Liver adverse event data were to be
reported to the FDA 6 months after the initial approval of the
REMS and annually thereafter [8].

In the tolvaptan REMS, the determination of adverse events
suggestive of serious and potentially fatal liver injury was ini-
tially based solely on the clinical judgment of the prescriber
or specialty pharmacist, with reports submitted by phone, or

on a Liver Adverse Event Reporting Form or a Patient Status
Form. In February 2020, more detailed and structured Liver Ad-
verse Event Reporting and Patient Status forms and updated
Prescriber Training content were introduced to better capture
relevant patient data and provide precise criteria for health-
care providers to determine whether serious and potentially fa-
tal liver injury had occurred. The criteria were based on FDA
guidance for treatment discontinuation following the observa-
tion of specific liver enzyme elevations [7]. The revised Liver Ad-
verse Event Reporting Form is provided in the Supplementary
Appendix.

Hepatic injury does not occur in a predictable, dose-
dependent manner. Rare, severe drug-induced liver injury (DILI)
events may occur without a clear dose relationship and with a
period of latency after drug initiation, suddenly manifesting af-
ter months of treatment without prior incident [9]. Such cases,
known as idiosyncratic DILI,may ormay not be identified during
clinical trials due to their rarity. In general, the adequate charac-
terization of drug liver safety for pharmaceuticals requires post
marketing data collection from large numbers of patients [10].
For liver safety assessment, severe DILI is defined by the FDA as
irreversible liver failure that is fatal or requires transplantation
[7]. Less severe DILI is detected by elevated serum transaminase
levels, as injured liver cells release abnormally high amounts of
ALT and/or AST. Patients who meet Hy’s law criteria have a high
risk (∼10%) of experiencing a severe DILI event, and any identi-
fied case is therefore amajor drug safety event [7]. Transaminase
elevations beyond the ULN (≥3 × ULN) that do not meet Hy’s
law criteria are also cause for concern. An increased incidence
of such elevations in a clinical trial population is a potential sig-
nal for risk of severe DILI [7].

In this report, interim liver safety data collected and ana-
lyzed in the tolvaptan REMSprogramare presented.The analysis
period was from the start of the program (14 May 2018), which
occurred immediately prior to tolvaptan commercialization (21
May 2018), to the data cutoff date of 23 February 2021.

MATERIALS AND METHODS

Analysis population

Eligibility criteria for inclusion in this analysis were patients
with ADPKD who were enrolled in the REMS in the USA, were
tolvaptan naïve, and who initiated treatment with tolvaptan in
the post marketing setting.

Design

This is a retrospective analysis of adult patients with ADPKD
who are enrolled in the tolvaptan REMS and initiated treatment
with tolvaptan in the post marketing setting. A descriptive anal-
ysis was conducted using REMS data and the Otsuka Global
Pharmacovigilance (GPV) database on patients with a possible
diagnosis of severe DILI between 14 May 2018 (the REMS start
date) and 23 February 2021 (data cutoff). The Otsuka GPV De-
partment collects detailed data from healthcare providers on
possible events of serious and potentially fatal liver injury using
an Enhanced Pharmacovigilance Form. These data are entered
into the Otsuka GPV safety database and relevant information
required for this study is included in the analyses (Figure 1).

As with the liver adverse event reporting documents, the
REMS Patient Enrollment Form was revised (in February 2019) to
include more detailed information. The revised, FDA-approved
form collects data on patient race/ethnicity and medical
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FIGURE 1: Collection and assessment of data on possible events of serious and potentially fatal liver injury in the REMS program. *If no information/response is received

from the HCP, Otsuka GPV does not determine event severity, and it remains classified as a serious and potentially fatal liver injury and included in the study analysis.

Table 1. Hepatic SMQs and laboratory criteria used in the definition of possible severe DILI (see accompanying text for full definition)

Hepatic SMQs Laboratory criteria

• Cholestasis and jaundice of hepatic origin
• Hepatic failure, fibrosis and cirrhosis, and other liver

damage-related conditions
• Hepatitis, noninfectious
• Liver-related investigations, signs, and symptoms
• Liver-related coagulation and bleeding disturbances

• ALT or AST >8 × ULN
• ALT or AST >5 × ULN for >2 weeks
• ALT or AST >3 × ULN and total bilirubin >2 × ULN or INR >1.5 (total

bilirubin measurement can be within 30 days of the ALT elevation)
• ALT or AST >3 × ULN with the appearance of fatigue, nausea,

vomiting, right upper quadrant pain or tenderness, fever, rash,
and/or eosinophilia (>5%)

INR, international normalized ratio.

history (e.g. typical alcohol consumption),whereas this informa-
tionmay not have been provided prior to introduction of the new
documents.

Identification of possible severe DILI

Adverse events of possible severe DILI reported to the REMSwere
identified for this analysis using broad criteria. A possible case
was defined as any patient whomet at least one of the following,
regardless of causality assessment provided by the reporter:

• Criterion 1: Diagnosis of acute hepatic failure, hepatic failure,
hepatic necrosis, hepatic encephalopathy, ascites, hepatore-
nal failure, hepatorenal syndrome, hepatitis fulminant, liver
transplant or death related to liver injury

• Criterion 2: Development of any adverse event matching
a lower-level Medical Dictionary for Regulatory Activities
(MedDRA) term in one of the five hepatic Standardized Med-
DRA Queries (SMQs) (Table 1) and leading to liver transplan-
tation, resulting in a fatal outcome or considered to be life-
threatening

• Criterion 3: Development of any adverse event matching a
lower-level MedDRA term in one of the five hepatic SMQs and
meeting any of the prespecified laboratory criteria for liver
chemistry (Table 1).

Cases of possible severe DILI captured in this manner were
analyzed further to determine severity, timing and outcomes
and to identify the following events:

• Events that were confirmed as serious and potentially fatal
liver injury by the Otsuka GPV safety team. Confirmation of
an event as serious and potentially fatal, in accordance with
FDA guidance [7], was based on the evidence presented in
the case, including laboratory data and trends in those data
over time, diagnostic tests, symptoms, medical history, the
time course of the event, and information about potential
confounding risk factors and concomitant medications

• Hy’s Law: ALT or AST ≥3 × ULN and total bilirubin >2 × ULN,
in the absence of cholestasis and without any other reason
to explain the elevations

• Confirmed severe DILI by FDA criteria: irreversible liver fail-
ure that is fatal or requires transplantation [7].

Adjudication of possible causal relationship with
tolvaptan

Any potential causal relationship of tolvaptan to liver adverse
events reported to Otsuka is determined by an independent,
blinded Hepatic Adjudication Committee (HAC). Composed of
an external panel of gastroenterologists and hepatologists with
therapeutic expertise in evaluating and assessing liver toxicity
adverse events, the committee is charged with providing an
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Table 2. Baseline demographic and clinical characteristics

Variable
Tolvaptan-naïve safety
population (N = 6711)

Subset with possible
severe DILI (n = 60)

Subset without possible
severe DILI (n = 6651)

Age (years) at enrollment
Mean (SD) 45.9 (12.2) 47.6 (11.3) 45.9 (12.2)
Range 15–95 21–68 15–95

Gender, n (%)
Female 3470 (51.7) 36 (60.0) 3434 (51.6)
Male 3241 (48.3) 24 (40.0) 3217 (48.4)

Age (years), n (%)
≤55 5203 (77.5) 43 (71.7) 5160 (77.6)
>55 1508 (22.5) 17 (28.3) 1491 (22.4)

Race, n (%)
Race unknown 2138 (31.9) 39 (65.0) 2099 (31.6)
Race knowna 4573 (68.1) 21 (35.0) 4552 (68.4)

White 3618 (79.1) 12 (57.1) 3606 (79.2)
Black or African American 435 (9.5) 5 (23.8) 430 (9.4)
American Indian or Alaska Native 25 (0.5) 1 (4.8) 24 (0.5)
Asian 220 (4.8) 3 (14.3) 217 (4.8)
Native Hawaiian or Pacific Islander 16 (0.3) 0 16 (0.4)
Other 259 (5.7) 0 259 (5.7)

Ethnicity
Ethnicity unknown 2160 (32.2) 39 (65.0) 2121 (31.9)
Ethnicity knownb 4551 (67.8) 21 (35.0) 4530 (68.1)

Hispanic or Latino 548 (12.0) 3 (14.3) 545 (12.0)
Not Hispanic or Latino 4003 (88.0) 18 (85.7) 3985 (88.0)

Alcohol classification, n (%)
Classification unknown 2142 (31.9) 39 (65.0) 2103 (31.6)
Classification knownc 4569 (68.1) 21 (35.0) 4548 (68.4)

Never drank 1525 (33.4) 8 (38.1) 1517 (33.4)
Ex-drinker (stopped drinking ≥1 month ago) 511 (11.2) 4 (19.0) 507 (11.1)
Current drinker 2533 (55.4) 9 (42.9) 2524 (55.5)

Typical alcohol consumption (current drinkers only)d

Occasional (drink alcohol <1 time/week) 1610 (63.6) 6 (66.7) 1604 (63.5)
Light (1–2 drinks/week) 548 (21.6) 1 (11.1) 547 (21.7)
Moderate (3–7 drinks/week) 313 (12.4) 2 (22.2) 311 (12.3)
Heavy (>7 drinks/week) 62 (2.4) 0 62 (2.5)

aThe denominator for the percentage in each racial category shown is the number of patients with race known.
bThe denominator for the percentage in each ethnic category shown is the number of patients with ethnicity known.
cThe denominator for the percentage in each alcohol classification shown is the number of patients with classification known.
dThe denominator for the percentage in each typical alcohol consumption category shown is the number of patients who were current drinkers.

independent, unbiased review of hepatic adverse event causal-
ity. The selection criteria for liver adverse events requiring
adjudication by the committee were established by the HAC
itself and can be found in the Supplementary Appendix. Causal-
ity assessment is conducted using the standardized scale of
the DILI network, which classifies the likelihood of relationship
to a drug as definite (>95% likelihood), highly likely (75%–95%
likelihood), probable (50%–74% likelihood), possible (25%–49%
likelihood), unlikely (<25% likelihood) or insufficient data [11].

Analyses

Available patient demographic and clinical characteristics from
the REMS are presented as summary statistics. The incidence
proportion and rates of possible events of severe DILI in the
REMS were calculated as the percentage of patients affected
and as events per 100 patient-years, respectively. The incidence
rates from the REMS were compared with those from tolvap-
tan clinical trials, as required by the FDA [5]. The indirect com-
parison of the REMS and clinical trial incidence rates was per-
formed by calculating an incidence rate ratio (IRR) using the
Wald method. The clinical trials were TEMPO 3:4, the TEMPO 3:4

extension (TEMPO 4:4), REPRISE and long-term extension 156-
13-211 (NCT02251275), which enrolled subjects from REPRISE,
TEMPO 4:4 and previous tolvaptan trials.

RESULTS

Patient disposition

As of the cutoff date, 7329 patients with ADPKD were identi-
fied as receiving their first dose of commercial tolvaptan in the
REMS program. Of these, 6711 patients were tolvaptan-naïve at
the time of REMS enrollment and were included in this analysis.
The remaining patients in the REMS program had been enrolled
in clinical trials and transitioned from the investigational drug
to commercial product; these patients were not included in the
current analysis, as they had already been receiving tolvaptan
for an extended period.

Demographic and clinical characteristics

The mean age at baseline was 45.9 years (range 15–95) and
51.7% of patients were female (Table 2). For the variables of race,
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FIGURE 2: Duration of (A) tolvaptan exposure and (B) daily doses used in the safety population (N = 6711). A patient could change doses over the course of therapy;
patients were counted at the dose they received most. If a patient received the same number of dispenses for more than one dose, the patient was counted at the

higher dose.

ethnicity and alcohol classification, the majority of data were
collected only after the implementation of the revised REMS Pa-
tient Enrollment Form, therefore, data on these variables are
unavailable for ∼32% of patients. Of those with known race,
79.1% (3618/4573) were White, and of those with known ethnic-
ity, 88.0% (4003/4551) were non-Hispanic/non-Latino.

Exposure

Nearly two-thirds of patients (64.0%) had taken tolvaptan for >6
months, 44.9% had exposure >12 months, and 27.3% had expo-
sure>18months (Figure 2A). Themost commondosewas a daily
split dose of 45/15 mg (Figure 2B).

Cases of possible severe DILI

A total of 60 (0.9%) of the 6711 patients on tolvaptan met the cri-
teria for possible severe DILI, including 5 whomet Criterion 1, 38
who met Criterion 2, and 27 who met Criterion 3 (some patients
met multiple criteria). Evidence of a possible causal association
with tolvaptan was not considered in the identification of possi-
ble severe DILI by any of the qualifying criteria. Levels of liver en-
zyme elevation in patients with possible severe DILI are shown
in Figure 3. Laboratory data on ALT abnormalities were available
for 34/60 patients and on AST abnormalities for 35/60 patients.

The majority of patients with possible severe DILI [60.0%
(n = 36)] were females; 71.7% of patients (n = 43) were ≤55 years
of age, with a mean age at REMS enrollment of 47.6 11.32 years
(Table 2). Based on the available patient information, no asso-
ciations with possible severe DILI were seen for patient demo-
graphic and clinical characteristics, medical history, concurrent
conditions or concurrent medications. The mean time to event
in patients with possible severe DILI was 157.6 ± 146.49 days,
with an interquartile range of 53–233 days. Analysis of the inci-
dence of possible severe DILI events by time to onset indicated a
pattern of greatest risk within the first 18 months of treatment
and declining over time (Figure 4), consistentwith the previously
published clinical trial data [6]. However, conclusions regarding
the time of susceptibility in the REMS are limited by the fact
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FIGURE 3: Transaminase elevations in patients with possible severe DILI for

whom laboratory measurements were available (ALT, n = 34; AST, n = 35). High-
est ALT/AST criteria met are shown. Patients with possible severe DILI for whom
laboratory data were not provided are not shown.

that only 27.3% of patients were exposed to tolvaptan for >18
months. Of the 60 patients with possible severe DILI, 48 (80%)
are known to have discontinued tolvaptan. No data were avail-
able on the remaining 12 patients.

Details on the outcomes of possible severe DILI events are
limited to the available information. There were 30 (50.0%)
patients with at least one event (patients could have more than
one event) for which the outcome was not provided. Repeated
follow-up attempts for these patients have been made, with
attempts ongoing at the end of the reporting period. There were
no fatal outcomes attributed to possible severe DILI events. At
the time of data cutoff, 19 (31.7%) of 60 patients with possible
severe DILI had recovered/resolved, 7 (11.7%) patients were
recovering/resolving, 7 (11.7%) patients had not recovered, and
for 27 (45.0%) patients the outcome data were not provided for
any event(s) they had experienced. Two (3.3%) of 60 patients
with possible severe DILI were reported to receive a treatment
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or intervention, 6 (10.0%) were hospitalized and 1 (1.7%) re-
ceived an elective liver transplant. This liver transplant was not
reported as a life-threatening event, no liver enzyme elevations
were reported and the patient had underlying polycystic liver
disease; the patient was on a liver transplant list and tolvaptan
was stopped due to a request from the transplant team. It was
not reported whether the patient was placed on the transplant
list before or after initiating tolvaptan.

There was one known fatal event in a patient with possible
severe DILI, with the death due to other causes that occurred
in the setting of resolving transaminase elevations. A 61-year-
old female experienced ALT/AST elevations ∼8 months after
tolvaptan was initiated, with the elevations peaking at ALT >19
× ULN and AST >20 × ULN ∼2 months after onset. Alkaline
phosphatase and total bilirubin levels were not provided. Events
of acute renal and liver failure were also reported, but without
any details or dates. Tolvaptan was withdrawn as a result of
the transaminase elevations and the elevations were resolving
2.5 months after event onset, with ALT and AST >4 × ULN.
Approximately 3 months from event onset, the patient under-
went liver biopsy to rule out autoimmune hepatitis, which was
complicated by post procedural hemorrhage and subsequent
shock and hepatic encephalopathy. The patient died within 1
day of the procedure, with the causes of death listed as post
procedural hemorrhage and shock. Information about the
biopsy results or presence of coagulopathy was not reported.
The independent HAC adjudicated the relationship of the liver
enzyme elevations to tolvaptan as ‘possible’. The event could
not be confirmed as DILI by the Otsuka GPV due to the lack
of information in the case needed for complete and adequate
medical assessment, as per the criteria for confirmation—such
as data related to the time course of the event and possible
confounding factors—as listed in the study Methods section.
Based on the available information, the death of this patient was
not a result of potential liver injury, but due to post-procedural
complications.

The 60 events of possible severe DILI additionally included
4 events (6.7%) that were confirmed as serious and potentially
fatal liver injury by the Otsuka GPV (Table 3). One patient, a
56-year-old female, exhibited ALT 1.25 × ULN and AST 1.05 ×
ULN 2 months after initiating tolvaptan. Three months later,

she developed pruritus and experienced ALT >25 × ULN and
AST >14 × ULN, and tolvaptan was withdrawn. The pruritus
resolved and transaminases returned to the normal range. The
HAC determined the relationship of the event with tolvaptan to
be ‘possible’.

The second patient, a 45-year-old female, had ALT >13 × ULN
and AST >12 × ULN 4 months after starting tolvaptan. Enzymes
normalized 3 months after stopping tolvaptan. It was not stated
whether tolvaptan was restarted, but 3 months after normaliza-
tion, the patient had ALT and AST >4 × ULN. After tolvaptan
was presumably stopped a second time, ALT and AST returned
to normal. Although there were possibly two positive tolvap-
tan challenges and de-challenges, due to the lack of informa-
tion provided, the HAC tentatively classified the relationship to
tolvaptan as ‘possible’.

In a third case, a 68-year-old female with stage 3 chronic kid-
ney disease, hypertension, and cystic liver exhibited ALT 26 ×
ULN, AST 39 × ULN, bilirubin 7.2 × ULN and alkaline phosphate
1.99 × ULN while experiencing symptoms of fatigue, jaundice,
abdominal distension and pain, bloating and nausea. The event
started after 5 months on tolvaptan and 49 days since the pa-
tient’s previous liver enzyme assessment. Concomitant medica-
tions included losartan, loratadine and vitamin supplementa-
tion. Tolvaptan was discontinued, losartan was suspended and
the patientwas hospitalized for evaluation of liver enzymes.The
patient’s laboratory values returned to normal within 5 months
and the HAC adjudicated the causality of the event as ‘insuffi-
cient data’. The limited information available for the event did
not enable potential causes other than tolvaptan to be ruled out;
accordingly, the event could not be confirmed as meeting the
definition of Hy’s law.

The fourth patient, who met Hy’s law criteria, was a 42-
year-old female with ADPKD and an autoimmune condition.
She had transaminase levels in the normal range at baseline.
Three months after starting tolvaptan, while taking a dose of
90 mg/day, she experienced ALT >11 × ULN and AST >6 × ULN
and discontinued tolvaptan. The abnormality was observed af-
ter 2 months without liver function testing (monthly testing
is required during the first 18 months of tolvaptan therapy for
ADPKD). Transaminase levels peaked after tolvaptan discontin-
uation (ALT >55 × ULN, AST >37 × ULN), with concomitant total
bilirubin >4 × ULN. Hepatitis serology for hepatitis A, B and C
virus were negative. Ten months after tolvaptan was stopped,
ALT, AST and total bilirubin had returned to the normal range
without furthermedical procedure, indicating recovery.TheHAC
adjudicated the relationship of the event with tolvaptan to be
‘probable’.

No liver transplants or fatalities due to tolvaptan were re-
ported in the REMS. As described above, an elective liver trans-
plantwas performed in a patientwithout elevated liver enzymes
and a fatality occurred in another patient with possible severe
DILI following a liver biopsy to rule out autoimmune hepatitis.
Both events were included in the analyses because the crite-
ria to identify possible severe DILI were applied regardless of
suspected causality. However, neither event appeared to be at-
tributable to tolvaptan. Thus no confirmed cases of severe DILI
by FDA criteria were identified in the REMS dataset.

Comparison with clinical trial program in ADPKD

The incidence proportion of possible severe DILI (by Criteria 1,
2 and 3) on a population basis in the REMS was 0.9% (60/6711
patients) and in the ADPKD clinical trial program (TEMPO 3:4,
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REPRISE and their extension trials) was 5.5% (151/2743 patients).
The incidence rate per 100 patient-years was 0.93 (60 events in
6486 patient-years) in the REMS, which was lower than the rate
of 1.57 (154 events in 9786 patient-years) in the clinical trial pro-
gram {IRR 0.587 [95% confidence interval (CI) 0.436–0.792]; P =
.000411 by Wald method}. The number of events (n = 154) in the
clinical trial program differed from the number of patients with
possible severe DILI (n= 151) because somepatients experienced
more than one event.

It should be noted that this is an interim analysis and
the comparison of incidence rates is still at an early stage. In
clinical trials, susceptibility for liver toxicity was greatest within
the first 18 months of tolvaptan treatment [6]. Subjects in the
ADPKD clinical trial program on average had an exposure of
3.57 years, which was well beyond the 18-month susceptible
period, whereas in the REMS population, exposure was greater
than the 18-month period of susceptibility in only 27.3% of
patients and >12 months in only 44.9% at the data used for this
report. Although the present analysis of the REMS data suggests
that the greatest risk for DILI is in the initial 18 months, the
comparison of incidence should be repeated in the future when
the follow-up duration in the REMS program achieves more
maturity. This comparison will be performed on an annual basis
and submitted to the FDA under the REMS program.

The incidence rate of possible severe DILI by Criterion 1 was
0.08 per 100 patient-years in the REMS population and 0.11 per
100 patient-years in the clinical trial population [IRR 0.686 (95%
CI 0.238–1.973); P = .48]. The incidence rate by Criterion 2 was
0.59 per 100 patient-years in the REMS; no comparison could be
made because there were no cases that met Criterion 2 in the
clinical trial sample. The incidence rate by Criterion 3 was lower
in the REMS than in the clinical trial population [0.42 versus 1.46
per 100 patient-years; IRR 0.285 (95% CI 0.189–0.430); P < .001].

DISCUSSION

This article provides real-world safety data on tolvaptan in a
large population of patients. No case of severe DILI (an irre-
versible liver failure that is fatal or requires liver transplantation)
related to the use of tolvaptan has been reported to date in
the REMS program. One patient, with normal liver enzymes,
underwent elective liver transplantation in a case that was
not considered related to tolvaptan. Another patient died
from post-procedural complications following a liver biopsy
performed to rule out autoimmune hepatitis after experiencing
possible severe DILI. One case meeting Hy’s law criteria was
identified, in which liver enzyme levels recovered to normal
following discontinuation of tolvaptan. In this patient, abnor-
mal transaminase levels were first observed 3 months after
initiating tolvaptan and after 2 months without liver enzyme
testing, indicating the importance of adherence to the required
monthly testing schedule during the first 18 months of therapy.
In addition to the case meeting Hy’s law criteria, three other
patients experienced events confirmed as serious and poten-
tially fatal liver injury, one of whom had a 49-day gap since
her previous liver function test. In all four patients, the event
resolved after event detection and tolvaptan discontinuation.

Recent data from the Canadian Hepatic Safety Monitoring
and Distribution Program (HSMDP) indicated that 8/1556 pa-
tients (0.5%) treated with tolvaptan for ADPKD in the real-world
setting met criteria for permanent discontinuation (i.e. ALT or
AST >8 × ULN, ALT or AST >5 × ULN for >2 weeks, ALT or AST
>3 × ULN and total bilirubin >2 × ULN or international normal-
ized ratio >1.5, ALT or AST >3 × ULN with persistent manifesta-

tions of hepatic injury). No cases of severe DILI were reported
[12]. The laboratory criteria for permanent discontinuation in
theHSMDPanalysiswere the same as those used inCriterion 3 of
the REMS,which captured 27/6711 patients (0.4%).The frequency
of enzyme elevations meeting criteria for permanent discontin-
uation in the REMS was thus comparable with that reported by
the HSMDP.

The imbalance in cases of possible severe DILI by Criterion
2 between the REMS population (38 cases) and the clinical trial
population (0 cases) may have been due to the need for assess-
ment by the reporter on whether the event was life-threatening.
Healthcare providers in clinical practice settings might be more
conservative in their judgment of event severity (i.e. be more
likely to consider an event life-threatening) than clinical trial in-
vestigators (who may be more familiar with criteria for serious
liver injury). The difference highlights the need for follow-up in-
formation collection for REMS adverse event reports to charac-
terize the reported incidents as fully as possible and enable pre-
cise assessment of event severity. Revisions made to REMS data
collection forms to better define the criteria for serious liver in-
jury have reduced the potential for missing information in the
initial data collection.

Regarding limitations of this analysis, information for 30
patients has not been obtained to determine if the reported
events met criteria for severe liver injury. Follow-up attempts
are ongoing, including multiple phone calls and mailings, and
severity classification of these possible severe DILI events is
pending. Post marketing safety surveillance faces inherent lim-
itations in the follow-up of patients treated in routine practice
relative to the carefully controlled setting of a clinical trial.
Patients’ monthly laboratory values are not captured within
the REMS program, given that such reporting places an addi-
tional burden on healthcare providers. However, prescribing
physicians are required to attest every 3 months for the first 18
months of treatment, and every 6 months thereafter, that they
are conducting periodic liver monitoring per REMS guidance for
all patients enrolled in the REMS, and the absence of such data
for a patient should not be construed as evidence that the tests
are not being performed as required. Once a potential DILI event
is reported to Otsuka, laboratory values are requested from the
prescriber as a part of routine pharmacovigilance activities.

There are also limitations resulting from the shorter dura-
tion of exposure to tolvaptan in the REMS program relative to
the tolvaptan clinical trials in ADPKD. A majority of previously
tolvaptan-naïve patients in the REMS have been on tolvaptan
therapy for <12 months, whereas the window of susceptibility
for risk of liver injury with tolvaptan administration in ADPKD
is up to 18 months [6]. Given that patients sometimes discon-
tinue tolvaptan after a brief period due to aquaretic side effects,
the duration of treatment for some individuals with <12months
of exposure may have been short, potentially biasing the anal-
ysis by the inclusion of patients unlikely to have experienced
liver-related adverse events.

The REMS population presents a lower incidence rate of
possible severe DILI when compared with the clinical trial
population; however, caution should be applied in interpreting
these data at this time due to the limited duration of exposure
to the drug in the REMS population. Based on the findings of
this interim analysis and assuming these observations are
confirmed in continuous longitudinal analyses of these data, it
is likely that a major contributor to the lower rate in the REMS
population is the monthly monitoring of liver enzyme levels
for the first 18 months of tolvaptan treatment in ADPKD and
every 3 months thereafter, which enables prompt detection of
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abnormalities and, if necessary, drug discontinuation. Thus the
REMS program is facilitating management of risk in the real
world and limiting harm to patients appropriately. In contrast,
in TEMPO 3:4, the monitoring of liver enzymes was being
conducted every 4 months prior to the change in frequency of
monitoring in the clinical trials, which may have resulted in
more subjects experiencing higher elevations of liver enzymes
in the trial population, as any elevations in transaminases were
not being detected early enough to monitor closely or allow
therapy interruption when necessary. Recent surveillance data
from the real-world use of tolvaptan in Japanese patients with
ADPKD support the value of monthly liver enzyme monitoring
in mitigating the risk of DILI events [13].

Within the context of the study limitations, the preliminary
incidence of possible severe DILI appears to be lower or noworse
than that reported in clinical trials; however, this assessment
needs to be repeated in the future whenmore data are collected
in this ongoing REMS program. Following each annual liver ad-
verse event report that will be submitted to the FDA under the
terms of the REMS program, additional analyses will be con-
ducted to further characterize the liver safety profile of this drug.
Otsuka is committed to reporting these data as they become
available to optimize patient benefit and care.

SUPPLEMENTARY DATA

Supplementary data are available at CKJ online.
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