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ABSTRACT

Introduction: Hyponatremia is a common
condition of varying etiology among hospital-
ized patients and is associated with adverse
outcomes. Treatment to normalize serum
sodium is advisable. Tolvaptan received Euro-
pean Union marketing authorization for
hyponatremia secondary to the syndrome of
inappropriate secretion of antidiuretic hormone
(SIADH). Post-marketing pharmacovigilance
activities were required to characterize the
safety profile of tolvaptan more fully in this
population, which is often elderly with a high
burden of comorbid illness.
Methods: This was a prospective, observational,
multinational, post-authorization pharma-
covigilance study (NCT01228682) in seven
European countries. Hospitalized patients were

enrolled who received tolvaptan for hypona-
tremia associated with SIADH and consented to
data collection. Tolvaptan was initiated and
assessments performed at physician discretion
per local standards of care. To reflect actual
clinical practice, no assessments or procedures
were required outside the standard of care.
Patients who continued to receive long-term
tolvaptan following hospital discharge and
provided consent received follow-up from their
community physicians.
Results: A total of 252 patients (mean age
70.6 years) enrolled. Mean tolvaptan treatment
duration was 139.4 days, median 18.5 (range 1–-
1130) days; most frequent dose was 15 mg/day
(used in 75%of patients). Serum sodium increased
from baseline (mean 123.2 mmol/l) during treat-
ment week 1 and remained stable during follow-
up,with little differenceacrossdoses of 7.5, 15, and
30 mg/day. Hyponatremia symptoms (e.g., con-
fusion, unsteady gait, lethargy) were present in
122/252 (48.4%) patients at pre-treatment base-
line, decreasing to 46/252 (18.3%) during treat-
ment. Sixty-two patients (24.6%; mean baseline
serum sodium 120mmol/l) experienced rapid
correction of hyponatremia within 72 h. No
osmotic demyelination syndrome occurred.
Conclusion: In clinical practice, tolvaptan
improved serum sodium and decreased
hyponatremia symptoms in hyponatremia sec-
ondary to SIADH. Serum sodium should be
monitored during treatment to minimize risk of
rapid correction.
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Trial Registration: Clinicaltrials.gov identifier
NCT01228682.

PLAIN LANGUAGE SUMMARY

Hospitalized patients often experience abnor-
mally low blood sodium levels (hyponatremia),
which can cause significant symptoms and
poses a serious health risk (Wald et al. in Arch
Intern Med 170:294–302, 2010). Yet, increasing
sodium levels too rapidly in these patients can
unintentionally cause osmotic demyelination
syndrome, resulting in long-term neurologic
damage or death. Tolvaptan was approved in
the European Union to treat one type of
hyponatremia caused by a hormonal imbalance
known as the syndrome of inappropriate secre-
tion of antidiuretic hormone (SIADH). Tolvap-
tan effectively increased patient sodium levels
in clinical trials, but real-world data are needed
to understand tolvaptan treatment more fully
in everyday clinical practice. We evaluated
patterns of use, efficacy, and safety of tolvaptan
in patients treated in hospitals and after dis-
charge for hyponatremia due to SIADH.
Tolvaptan was correctly used to treat only
hyponatremia caused by SIADH in nearly all of
the 252 patients studied. Patient sodium levels
increased in the first week of tolvaptan treat-
ment and then stabilized. Hyponatremia
symptoms, such as confusion, nausea, tiredness,
and dizziness, were present in 48.4% of patients
before treatment and in 18.3% after starting
tolvaptan. Consistent with earlier studies, some
patients (24.6%) experienced excessively rapid
correction of hyponatremia. However, no sub-
sequent neurologic problems or deaths were
attributed to the rapid correction, which sug-
gests that medical providers were carefully
monitoring and managing sodium levels to
prevent serious consequences. Our study indi-
cates that tolvaptan is being used safely and
effectively to treat hyponatremia due to SIADH
in a patient population with complex medical
needs.

Keywords: Hyponatremia; Syndrome of
inappropriate secretion of antidiuretic
hormone (SIADH); Tolvaptan;
Pharmacovigilance; Post-authorization safety
study (PASS)

Key Summary Points

Why carry out this study?

Hospitalized patients with hyponatremia
secondary to the syndrome of
inappropriate secretion of antidiuretic
hormone (SIADH) have a high burden of
illness and require careful management to
safely normalize serum sodium levels.

This pharmacovigilance study was
conducted to provide real-world safety
and efficacy data on the use of tolvaptan
in this population.

What was learned from the study?

In clinical practice, tolvaptan was used in
the correct indication of hyponatremia
secondary to SIADH, increasing patient
serum sodium and reducing the frequency
of hyponatremia symptoms.

Cases of overly rapid correction of
hyponatremia occurred, but no osmotic
demyelination syndrome was reported.

Data from real-world clinical practice
support clinical trial findings that
tolvaptan improves serum sodium in
hyponatremia secondary to SIADH with
appropriate monitoring to reduce the risks
associated with overly rapid correction of
hyponatremia.

INTRODUCTION

Hyponatremia is a common sodium disturbance
among hospitalized adults. Prevalence estimates
vary according to the threshold serum sodium
level selected [1], but in recent studies,
hyponatremia was present in 20–38% of
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hospital patients [2–4]. The condition also fre-
quently occurs in elderly residents of long-term
care facilities, with prevalence estimates of
18–31% [5, 6]. The etiology is variable, with
causes including congestive heart failure, liver
cirrhosis, and endocrine disorders [7]. One of
the most frequent causes of hyponatremia,
accounting for 31–36% of cases, is the syn-
drome of inappropriate secretion of antidiuretic
hormone (SIADH), in which release of antidi-
uretic hormone (vasopressin) despite hypo-
tonicity of the serum leads to antidiuresis and
hyponatremia [8–10]. SIADH itself may be
caused by multiple conditions, the most com-
mon of which are malignancies, pulmonary
disorders, central nervous system disorders (e.g.,
encephalitis, head trauma), and use of certain
medications (e.g., thiazide diuretics, selective
serotonin reuptake inhibitors), with a substan-
tial number of idiopathic cases [11]. Essential
diagnostic criteria for SIADH include decreased
serum osmolality (\275 mOsm/kg of water),
clinical euvolemia, urinary osmolal-
ity[100 mOsm/kg of water, urinary
sodium[40 mmol/l with normal dietary
sodium intake, normal thyroid and adrenal
function, normal kidney function, no recent
use of diuretics, and no hypokalemia or acid-
base disorders [7]. Treatment of hyponatremia
of any etiology is advisable, as abnormally low
serum sodium levels are associated with an
increased risk of mortality and other adverse
outcomes such as longer hospital stays and
higher medical costs [3, 4, 12–16].

Samsca� (tolvaptan) was evaluated as a
treatment for hyponatremia secondary to
SIADH, given that it competitively blocks the
binding of vasopressin to its V2 receptor,
inhibiting antidiuretic activity [17]. This
mechanism of action results in free water
clearance without depletion of electrolytes and
ultimately improvement of sodium balance in
SIADH patients [18]. Two pivotal clinical trials
demonstrated efficacy in correcting hypona-
tremia secondary to SIADH, resulting in EU
marketing approval for this indication [17].

Given that drug regulatory approval is based
on clinical trials, which enroll limited numbers
of patients treated under carefully controlled
conditions, pharmacovigilance activities

conducted in the real-world clinical practice
setting, after marketing authorization, are an
integral component of comprehensive drug
safety evaluation. In addition to detecting rare
adverse events that may not have been observed
in relatively small clinical trial populations,
pharmacovigilance can identify patterns of
inappropriate/erroneous medication use, drug
interactions, and problems with lack of efficacy
[19]. All of these issues are of particular rele-
vance to patients with SIADH-related hypona-
tremia, who are often elderly and have a high
burden of comorbid illness. Accordingly, the
Committee for Medicinal Products for Human
Use of the European Medicines Agency required
a post-authorization safety study (PASS) of
tolvaptan as a condition of marketing autho-
rization for this indication. The objective of the
PASS was to collect information on the safety of
tolvaptan when used in the real-world setting
for the treatment of hyponatremia secondary to
SIADH. Results from this post-marketing study
are presented here.

METHODS

Design, Setting, and Participants

This was a prospective, observational, multina-
tional, post-marketing, Phase 4, pharmacovigi-
lance study (clinicaltrials.gov identifier
NCT01228682) that enrolled a population of
hospitalized adults treated with tolvaptan for
hyponatremia secondary to SIADH. The inclu-
sion criterion was treatment with tolvaptan,
and the exclusion criterion was patients who
had not signed the data consent form.

At each hospital site, when a prescription for
tolvaptan was sent to the hospital pharmacy,
the prescribing physician was asked about his or
her interest in participating in the study.
Physicians who agreed to participate could
recruit their patients to enroll. It was expected
that the size of the study population would be
limited by the number of available SIADH
patients. On the assumption that 50 hospital
sites would allow a recruitment rate of about
100 SIADH patients per year, a total study
population of at least 200 patients was

Adv Ther (2021) 38:5721–5736 5723



anticipated for the planned 2-year accrual per-
iod. To obtain results in a timely manner, study
sites were initially selected in EU countries with
the earliest commercial availability of tolvaptan
(UK, Germany, and Nordic countries). Sites
from other EU countries were later added when
tolvaptan became available in those areas.

Assessments

As an observational study, the study did not
define a therapeutic strategy, and methods of
assessment were not prespecified, because
patient management was performed according
to the standard of care of the participating
hospitals. Use of tolvaptan was at the discretion
of the treating physician in accordance with the
drug Summary of Product Characteristics
(SmPC), and no diagnostic, therapeutic, or
monitoring procedures outside normal medical
practice were required. The physician main-
tained the patient’s medical records to docu-
ment observations that were part of the
standard of normal care.

Data collection for each patient commenced
after the patient had signed the data consent
form and was to continue until the end of
tolvaptan treatment. The target minimum
duration of follow-up for patients who received
long-term tolvaptan treatment was 12 months
after treatment initiation. After hospital dis-
charge, data collection could continue if the
patient consented to the continuation of data
collection by his/her community-based physi-
cian. Community-based physicians who agreed
to participate would then assume responsibility
for reporting and providing the data collected
from consenting patients.

At baseline, the data collected included
patient eligibility per inclusion/exclusion crite-
ria, patient consent, hospital setting, clinical
diagnosis (hyponatremia and underlying dis-
ease), volume status, patient demographics,
medical history and physical examination, lab-
oratory values as available, hyponatremia
symptoms, tolvaptan dosing, concomitant
hyponatremia therapy, and adverse events. As
per local standard of care, the treating hospital
physician recorded data from follow-up

assessments conducted up to the time of hos-
pital discharge: serum sodium laboratory val-
ues, hyponatremia symptoms, tolvaptan
dosing, concomitant medications, and adverse
events (including abnormal laboratory parame-
ters). The physician who monitored the patient
after discharge recorded the same information
as was collected during the hospital stay. Par-
ticipating physicians documented all adverse
events (AEs) on an electronic case report form
regardless of the suspected causal relationship
with tolvaptan.

Study Analyses

Data were summarized by descriptive statistics
on an observed-case basis, with no imputation
for missing data. All data analysis was per-
formed using SAS� version 9.1.3. A descriptive
analysis was selected for the reason that,
although criteria for the diagnosis of SIADH are
available [7, 20], diagnostic workup in patients
with hyponatremia is often inadequate [10, 21],
and misclassification of SIADH patients under
other medical conditions is likely. Due to a lack
of epidemiologic data on the true incidence of
SIADH and patient characteristics, use of a his-
torical control cohort for statistical comparison
was not feasible.

An analysis of the effects of concomitant
medication use on risk of treatment-emergent
AEs (TEAEs) was conducted that accounted not
only for use/non-use of concomitant medica-
tions, but also the timing of the medication use.
Medications of interest were cytochrome P450
3A4 (CYP P450 3A4) inducers/inhibitors, serum
potassium concentration increasing substances,
and warfarin/antiplatelet agents. TEAEs were
categorized as follows: (1) TEAEs that occurred
in patients who did not take a concomitant
medication of the selected category (non-users);
(2) TEAEs that occurred in patients who took a
medication concomitantly with tolvaptan or
within 3 days after the concomitant medication
was stopped or 2 days in the case of rapid cor-
rection of hyponatremia (during concomitant
use); and (3) TEAEs that occurred in patients
who took a medication concomitantly with
tolvaptan but in whom the TEAEs did not occur
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during the time of co-administration or within
3 days after (outside of concomitant use).

Changes to the Study

In response to a query from the European
Medicines Agency on the clinical study report,
the definition of rapid correction of hypona-
tremia as used originally in the study was
changed to align with the criteria used in the
tolvaptan SmPC [18]. The occurrence of this AE
was re-analyzed using the revised criteria, which
are provided in the Supplementary Material.
Furthermore, the definition of rapid correction
of hyponatremia was extended from 48 to 72 h
to include patients who were tested for serum
sodium after 48 h. To account more accurately
for cases where tests were not performed at one
of the predefined intervals (i.e., at 6, 12, 24, and
48 h), linear extrapolations were performed.

Compliance with Ethics Guidelines

The study was conducted in accordance with
Good Pharmacoepidemiology Practices, local
national laws and regulations applicable to non-
interventional studies, Volume 9A (in European
Economic Area countries), and ethical princi-
ples that have their origins in the Declaration of
Helsinki. Where required by local regulations
for observational studies, the study was con-
ducted under the auspices of an Independent
Ethics Committee. The participating Ethics
Committees were: Clinical Research Ethics
Committee of Hospital Universitario ‘‘12 de
Octubre,’’ Madrid, Spain; Comitato Etico Inter-
aziendale A.S.O. Santa Croce e Carle, Cuneo,
Italy; Research Ethics Committee Northwest 10
REC—GM North, Northwest Centre of Research
Ethics Committees, Manchester, UK; Regionala
etikprövningsnämnden, Göteborg, Göteborg,
Sweden; Regional Committee for Medical and
Health Research Ethics South East A (REK South
East A), Oslo, Norway; Ethik-Kommission bei
der Medizinischen Fakultät Universität Mar-
burg, Marburg, Germany.

Patients provided informed consent sepa-
rately for data collection within the hospital
and for data collection by a community-based

physician outside the hospital. Thus, patients
could restrict their consent to the hospital
phase of the study if desired. Patients had the
right to withdraw data consent at any time; in
such cases, data from withdrawn patients until
the time of withdrawal from the study were
used for analysis.

RESULTS

Disposition

A total of 65 hospital sites participated in the
study, including 48 active sites that enrolled
252 patients from 2 November 2010 to 15
November 2012. The last patient visit occurred
on 15 November 2013. Sites were located in
Denmark (4 patients), Germany (112 patients),
Italy (8 patients), Norway (4 patients), Spain (49
patients), Sweden (11 patients), and the UK (64
patients). The 252 enrolled patients had a total
of 271 enrollment periods in the study; 18
patients were enrolled more than once (in-
cluding 17 enrolled twice and one enrolled 3
times), as multiple enrollment periods for a
patient were allowed. At the time of data cutoff,
41 (15.1%) of the 271 enrollment periods were
completed, and 176 (64.9%) had been discon-
tinued. The most common reasons for discon-
tinuation of enrollment periods were ‘‘other’’
(n = 64; 23.6%), death (n = 47; 17.3%), patient
lost to follow-up (n = 31; 11.4%), and investi-
gator discretion (n = 21; 7.7%) (Supplementary
Table S2).

Exposure

The mean duration of tolvaptan exposure was
139.4 (SD 239.68) days, with a median treat-
ment length of 18.5 (range of 1–1130) days. The
patient with 1130 days of tolvaptan use had this
length of exposure during the 3-year study
period because tolvaptan was started for idio-
pathic SIADH 2 months before the start of the
study and the patient was enrolled after the
study had commenced. A total of 79/252
patients (31.3%) had their dose increased,
82/252 (32.5%) had a dose reduction, and
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78/252 (31.0%) had a temporary treatment
interruption. The maximum daily dose ranged
from 3.75 to 60.0 mg/day. The number of
patients who received each dose level at least
once during the study is shown in Table 1. A
daily dose of 15 mg was the dose administered
to the greatest number of patients (189/252;
75.0%).

Patient Characteristics

Patient baseline demographic and clinical
characteristics are shown in Table 2. The mean
age of patients was 70.6 (SD 13.37) years, with a
nearly equal gender distribution. In total,
247/252 (98.0%) patients had a clinical diag-
nosis of hyponatremia, with a mean time from
diagnosis to baseline study visit of 119.8 (SD
439.56; range 1–3771) days. The most frequent
SIADH etiology was tumor (107/252; 42.5%),
followed by idiopathic disease (66/252; 26.2%)
and drug-induced (22/252; 8.7%). As the study
eligibility criteria included all patients pre-
scribed tolvaptan and who consented to data
collection, nine non-SIADH patients to whom
tolvaptan was prescribed off-label were

captured, consisting of three patients diagnosed
with hyponatremia due to liver cirrhosis, one
with hyponatremia due to drug (spironolac-
tone) and cirrhosis, two with congestive heart
failure, two with disorders of the central ner-
vous system, and one with post-surgery adrenal
insufficiency. There was one additional case of
differential diagnosis between polydipsia and
SIADH.

At baseline, 245/252 patients (97.2%) had a
concurrent diagnosis or abnormality. The most
frequent current medical conditions by system
organ class were vascular disorders (128
patients, 50.8%), neoplasms benign, malignant,
and unspecified (including cysts and polyps)
(120 patients, 47.6%), metabolism and nutri-
tion disorders (101 patients, 40.1%), and gas-
trointestinal disorders (86 patients, 34.1%). The
most frequent concurrent medical conditions
by preferred term were hypertension (118
patients, 46.8%), chronic obstructive pul-
monary disease (32 patients, 12.7%), constipa-
tion (27 patients, 10.7%), hyperlipidemia (27
patients, 10.7%), and hypothyroidism (27
patients, 10.7%). One patient had a prior med-
ical history of chronic renal failure.

Table 1 Exposure to each tolvaptan dose during the observational period

Dose Patients, n (%)a Patient-years of exposureb

Overall 252 (100.0) 96.15

3.75 mg daily or less than daily 4 (1.6) 2.16

7.5 mg less than daily 45 (17.9) 24.92

7.5 mg daily 106 (42.1) 19.21

15 mg less than daily (includes 10 mg) 31 (12.3) 11.65

15 mg daily 189 (75.0) 26.93

30 mg less than daily 3 (1.2) 0.54

30 mg daily 43 (17.1) 8.08

45 mg daily 5 (2.0) 1.13

60 mg daily 2 (0.8) 1.07

Other 2 (0.8) 0.47

a Shows the number and percentage of patients who received the dose at least once during the study
b Calculated based on total exposure time across all patients and enrollment periods
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The hospital setting at time of patient
enrollment (269 hospitalizations in total) was
most often a hospital ward (216/269; 80.3%).
Others included an intensive care unit (11;
4.1%), an emergency department (5; 1.9%), and
intermediate care (2; 0.7%). Sixteen subjects
(5.9%) were in outpatient care, most likely initi-
ating tolvaptan during a hospital visit but with-
out being admitted. During the study, 113/252
(44.8%) patients received a saline infusion and
117/252 (46.4%) had fluid restriction.

Serum Sodium

Themean serum sodium value at baseline for the
study population was 123.2 mmol/l (SD 6.59).

Table 2 Patient baseline demographic and clinical
characteristics

Variable Total
(N = 252)

Age (years)

Mean (SD) 70.6 (13.37)

Median 72.0

Range 26, 96

Age group, n (%)

18 to\ 55 years 27 (10.7)

55 to\ 65 years 57 (22.6)

65 to\ 75 years 53 (21.0)

75 to\ 85 years 79 (31.3)

C 85 years 36 (14.3)

Sex, n (%)

Female 127 (50.4)

Male 125 (49.6)

Race, n (%)

Caucasian 248 (98.4)

Asian 3 (1.2)

Unknown 1 (0.4)

Baseline BMI (kg/m2)

n 216

Mean (SD) 23.87

(4.489)

Median 23.50

Range 14.0, 43.6

SIADH etiology, n (%)a

Tumor 107 (42.5)

Idiopathic 66 (26.2)

Drug 22 (8.7)

Pulmonary 14 (5.6)

Disorders of the central nervous system

(bleeding and masses)

5 (2.0)

Disorders of the central nervous system

(bleeding and masses, head trauma)

5 (2.0)

Table 2 continued

Variable Total
(N = 252)

Serum sodium (mmol/l)

n 219

Mean (SD) 123.2 (6.59)

Median 124.0

Range 103, 142b

Volume status, n (%)

Normovolemic 227 (90.1)

Hypervolemic 10 (4.0)

Hypovolemicc 9 (3.6)

Missing 6 (2.4)

For each baseline variable, only patients with available data
are shown
BMI body mass index, SD standard deviation, SIADH
syndrome of inappropriate secretion of antidiuretic
hormone
a Etiologies present in C 2% of patients are listed
b One patient had serum sodium 142 mmol/l at baseline
(time of consent to study enrollment), but tolvaptan
treatment was not initiated until 5 days later, when the
patient had serum sodium 127 mmol/l
c Nine patients were hypovolemic at the time of
hyponatremia diagnosis, but only one was hypovolemic
when tolvaptan was initiated, and the status of another of
the nine patients was not known
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Mean change from baseline in serum sodium
over time is shown in Fig. 1 for patients grouped
according to the dose they received during their
stable treatment phase (7.5, 15, or 30 mg/day).
Increases from baseline in serum sodium were
comparable across stable tolvaptan dose cate-
gories; no dose relationship was discernible.
Following an increase during the first week of
treatment (mean increase of 7.3 [SD 5.18] mmol/
l for 7.5 mg/day, 11.8 [SD 7.76] mmol/l for
15 mg/day, and 7.3 [SD 7.17] mmol/l for
30 mg/day), serum sodium levels were stable in
each dose group during the rest of the treatment
period. Mean serum sodium values were more
variable over time inpatients receiving tolvaptan
at stable doses of 45 mg/day (n = 1) or 60 mg/day
(n = 1), but these data are not shown because of
the small number of patients in these groups.
Absolute serum sodium over time is shown in
Supplementary Fig. S1.

Hyponatremia Symptoms

At baseline, 122/252 (48.4%) patients presented
with C 1 hyponatremia symptom (Fig. 2). The
most common individual symptoms were fati-
gue and nausea (each 23 patients, 9.1%), con-
fusion (22 patients, 8.7%), and disorientation
and unsteady gait (each 21 patients, 8.3%).
Symptom frequency decreased during treat-
ment: 46/252 (18.3%) patients presented with a
symptom at any time point post-baseline. At
every individual post-baseline assessment time
point, no individual symptom exceeded 1.2% in
frequency.

Adverse Events

A summary of adverse events is presented in
Table 3. In results grouped by dose level (whe-
ther administered daily or less frequently than
daily), there was no evident association of dose
with frequency of TEAEs. In the 3.75 mg daily or

Fig. 1 Mean (SD) change from baseline in serum sodium
(mmol/l) in patients grouped by stable daily tolvaptan dose
received. Patients who did not enter a stable treatment phase
were grouped according to their most used dose. Data are not
shown for patients who received tolvaptan 3.75 mg less than
daily, 3.75 mg/day, 7.5 mg less than daily, 15 mg less than daily,

45 mg/day, or 60 mg/day as a stable daily dose, given the small
numbers of patients receiving a specific dose within each
category. BSL baseline, D day, M month, SD standard
deviation,W week

5728 Adv Ther (2021) 38:5721–5736



Fig. 2 Hyponatremia symptoms occurring in C1% of
patients at either baseline or at any time during tolvaptan
treatment. Baseline includes any symptoms starting in the

31 days up to tolvaptan initiation. Percentages are shown
for the total number of patients (N = 252)
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less than daily dose group, 0 patients (0.0%)
experienced TEAEs (there were only four
patients in this group); in the 7.5 mg less than
daily and 7.5 mg daily groups, 27/45 patients
(60.0%) and 57/106 patients (53.8%), respec-
tively, experienced TEAEs; in the 15 mg less
than daily and 15 mg daily groups, 19/31
patients (61.3%) and 105/189 patients (55.6%),
respectively, experienced TEAEs; in the 30 mg
less than daily group no patient experienced
any TEAEs (there were only three patients in
this group); and in the 30 mg daily group 27/43
patients (62.8%) experienced TEAEs.

Regarding adverse event severity, there was
no clear indication that higher daily tolvaptan
doses were associated with increased reporting
of serious TEAEs. In the 3.75 mg daily or less
than daily group, 0/4 patients (0.0%) experi-
enced serious TEAEs; in the 7.5 mg less than
daily and 7.5 mg daily groups, 19/45 patients
(42.2%) and 32/106 patients (30.2%) experi-
enced serious TEAEs, respectively; in the 15 mg
less than daily and 15 mg daily groups, 13/31
patients (41.9%) and 73/189 patients (38.6%)
experienced serious TEAEs, respectively; in the
30 mg less than daily group, 0/3 patients (0.0%)
experienced any serious TEAEs; and in the
30 mg daily group, 21/43 patients (48.8%)
experienced serious TEAEs. There was no indi-
cation of any dose relationship for individual
events.

TEAEs with a fatal outcome were experienced
by 57 patients (22.6%), and a total of 105 events
were reported. The number of TEAEs with a fatal
outcome per 100 patient-years was 121.3.
Regarding a potential causal relationship with
tolvaptan, the physician considered the events
with fatal outcome as not related to tolvaptan
for 51 patients and to have an unknown rela-
tionship to tolvaptan for the other 6 patients.
The preferred terms most commonly associated
with a fatal outcome were: death not otherwise
specified (eight patients, 3.2%), lung neoplasm
malignant and malignant neoplasm progression
(seven patients each, 2.8%), sepsis and respira-
tory failure (five patients each, 2.0%), and uri-
nary tract infection, small-cell lung cancer, and
small-cell lung cancer extensive stage (four
patients each, 1.6%).

Twenty-one aquaresis-related TEAEs were
experienced by 18/252 patients (7.1%), includ-
ing 9 (3.6%) patients with thirst, 5 (2.0%) with
dry mouth, 3 (1.2%) with orthostatic hypoten-
sion, and 2 (0.8%) with dehydration. One
patient experienced a TEAE of increased blood
creatinine.

A total of 62/252 patients (24.6%) experi-
enced C 1 episode of rapid correction of
hyponatremia during the study. Mean baseline
serum sodium for this group was 120 (range
105, 131) mmol/l. For the 190 patients who did
not experience rapid correction of hypona-
tremia, mean baseline serum sodium was 125
(range 106, 141) mmol/l. No event of osmotic
demyelination syndrome was reported during
the study. Two patients experienced epilepsy/-
seizure related events, but in these two cases the
events occurred very late after the episode of
rapid correction of hyponatremia (11 months
and 8 months, respectively) and were assessed
as not related to tolvaptan by the physicians.

A search for predefined preferred terms rela-
ted to hepatic disorders identified nine cases.
Two cases, cholestasis secondary to hepatic
metastases and jaundice by tumor progression,
respectively, were clearly due to malignancy.
The remaining seven cases (five serious and two
non-serious) consisted of congestive liver (ac-
companying acute bilateral heart failure and
pleural effusion), mild increases in alanine
aminotransferase and gamma-glutamyl trans-
ferase versus baseline (in a patient with small
cell lung cancer and liver metastasis), progres-
sion of pre-existing liver cirrhosis with
encephalopathy and ascites, liver failure and
septicemia (in a patient with liver cirrhosis),
increased international normalized ratio/pro-
longed prothrombin time value (in a patient
with a history of heart disease as atrial fibrilla-
tion, transient ischemic attacks, aortic stenosis,
and cardioversion), liver values increased (in a
patient with concomitant epilepsy, subcortical
arteriosclerotic encephalopathy, and hyperten-
sion), and elevated liver values (transami-
nases[450 U/l) most likely due to cardiac
decompensation. Tolvaptan was temporarily
interrupted following congestive liver with
acute bilateral heart failure/pleural effusion,

5730 Adv Ther (2021) 38:5721–5736



Table 3 Summary of adverse events and most frequent individual adverse events

Total (N = 252)

n (%) # (# per 100 patient-years)

Any TEAEa 173 (68.7) 924 (1067.4)

Maximum severity of TEAEb

Mild 34 (13.5) 296 (341.9)

Moderate 50 (19.8) 337 (389.3)

Severe 83 (32.9) 207 (239.1)

Unrecorded 6 (2.4) 84 (97.0)

Highest causal relationship to tolvaptan of TEAEb

Not related 65 (25.8) 643 (742.8)

Possibly related 29 (11.5) 111 (128.2)

Probably related 52 (20.6) 96 (110.9)

Unknown 27 (10.7) 74 (85.5)

AE leading to tolvaptan discontinuation 33 (13.1) 54 (62.4)

Serious AEc 135 (53.6) 442 (510.6)

AE with fatal outcome 57 (22.6) 105 (121.3)

Adverse reactiond 109 (43.3) 281 (324.6)

Any adverse reaction leading to tolvaptan discontinuation 14 (5.6) 15 (17.3)

Any serious adverse reaction 64 (25.4) 122 (140.9)

Any adverse reaction with fatal outcome 6 (2.4) 9 (10.4)

Most frequent TEAEs (C 5% patients; preferred terme)

Rapid correction of hyponatremiaf 62 (24.6) 76 (87.8)

Nausea 19 (7.5) 30 (34.7)

Urinary tract infection 19 (7.5) 21 (24.3)

Constipation 17 (6.7) 17 (19.6)

Dyspnea 16 (6.3) 22 (25.4)

Hypokalemia 13 (5.2) 19 (21.9)
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while no action regarding tolvaptan was taken
for the other six events.

TEAEs were assessed in patients by con-
comitant medication use (CYP P450 3A4
inducers/inhibitors, serum potassium concen-
tration increasing substances, and warfarin/an-
tiplatelet agents). The frequency of TEAEs by
system organ class is shown in Supplementary
Tables S3, S4, S5, and S6 for each category of
concomitant medication by non-users and
users. For users of concomitant medications,
TEAEs are further categorized by whether they
occurred during or outside of the period of
concomitant medication use. Differences in
TEAE frequency occurred between users and
non-users of concomitant medication; however,
frequencies were generally similar between the
subgroups of users who experienced the TEAEs
during or outside the period of concomitant
use. Accordingly, the TEAEs were most likely
associated with the underlying condition rather
than the medication used.

DISCUSSION

The management of SIADH-related hypona-
tremia in clinical practice is often inadequate
because of lack of appropriate diagnostic
workup and underuse of available therapies
[22]. Clinical trials of tolvaptan in SIADH-re-
lated hyponatremia conducted in Europe and
North America, and, more recently, Japan, have
demonstrated efficacy, leading to regulatory
approval for this indication in these regions
[17, 23]. Consistent with the clinical trial find-
ings, tolvaptan in this post-marketing study was
associated with increases in serum sodium in a
population with hyponatremia secondary to
SIADH and a high burden of comorbidity. After
an initial increase during the first week of
treatment, mean concentrations remained lar-
gely steady during follow-up. The increases
from baseline (7–12 mmol/l) were similar across
tolvaptan dose categories, with no dose rela-
tionship observed, a finding consistent with a
previous pharmacodynamic study in patients
with SIADH [24]. The magnitude of the increase
from baseline in serum sodium at week 1 was

Table 3 continued

Total (N = 252)

n (%) # (# per 100 patient-years)

Pneumonia 13 (5.2) 14 (16.2)

For the calculation of the number of events per 100 patient-years in a preferred term all episodes of an AE are counted
# number of events, AE adverse event, TEAE treatment-emergent adverse event
a TEAEs were AEs with onset on or after the day of first administration of tolvaptan
b As rated by the physician
c An AE was serious if it met any of the following criteria: resulted in death; was life-threatening (i.e., the patient was at
immediate risk of death in the opinion of the physician); required in-patient hospitalization or prolonged existing hos-
pitalization; resulted in persistent or significant disability/incapacity; was a congenital anomaly/birth defect; was a medically
significant event (i.e., jeopardized the patient and required medical or surgical intervention to prevent one of the other
outcomes listed)
d Adverse reactions were AEs that were considered possibly or probably related to tolvaptan by the physician; AEs with
missing or unknown relationship were also considered as adverse reactions
e Coded by Medical Dictionary for Regulatory Activities Version 16.1
f Data were calculated using the revised criteria for an episode of rapid correction of hyponatremia. The number of events
and number of events per 100 patient-years were estimated for this report based on an ad hoc analysis of patient serum
sodium values, in which any changes in serum sodium levels indicative of rapid correction of hyponatremia occurring within
a 48-h period were considered to be a single episode
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comparable to improvements (10–14 mmol/l)
seen in previous tolvaptan studies conducted in
real-word settings among populations with
varying baseline sodium levels and durations of
follow-up [25–27]. The percentage of patients in
the present study with C 1 hyponatremia
symptom decreased from baseline (48.4%) to
the treatment period (18.3%), suggesting that
improvement in sodium level was associated
with improvement in hyponatremic symptoms.

The most frequent TEAEs were rapid correc-
tion of hyponatremia, nausea, and urinary tract
infection. Aquaresis-related TEAEs were less fre-
quent than observed in hyponatremia clinical
trials, i.e., thirst 3.6% versus 14.3% and dry
mouth 2.0% versus 12.6%, whereas there was a
higher frequency of rapid correction of hypona-
tremia in this post-marketing study (62 of 252
patients within 72 h) compared to controlled
clinical trials (4 of 223 patients during the first
24 h) [17]. The higher frequency of rapid correc-
tion of hyponatremia in the present study may be
in part due to the low mean baseline serum
sodium level (123 mmol/l) relative to the pivotal
clinical trials (* 129 mmol/l) and the even lower
level in the patients who experienced a rapid
correction of hyponatremia (120 mmol/l). Studies
of tolvaptan conducted in real-world settings
found rates of rapid correction ranging from 3 to
25% of patients, with lower baseline serum
sodium associated with greater risk [25–28]. An
additional possible reason for rapid correction in
our study may include the composition of the
population, which included a high proportion of
patients with tumors (42.5%) and frequent con-
comitant use of saline solution (44.8%). Addi-
tionally, as noted in the SmPC, use of tolvaptan
in conjunction with other treatments to correct
hyponatremia may increase the risk of rapid cor-
rection [18]. Rapid correction did not lead to any
neurologic sequelae in this study, and no cases of
osmotic demyelination syndrome were reported
in several previous real-world studies of tolvaptan,
highlighting the importance of monitoring
serum sodium [25–28].

Regarding patterns of use in this European
study, tolvaptan was prescribed for the correct
indication per the SmPC in nearly all patients;
only 9/252 patients did not have SIADH. In
addition, there was one case of differential

diagnosis between polydipsia and SIADH. The
use of doses lower than those specified in the
labeling (minimum dose of 7.5 mg/day) was
common (49/252 patients), which may have
been due to the high burden of underlying
disease in this population, necessitating careful
dose titration by physicians.

Limitations of this real-world study include
data collection, which was dependent on local
standards of practice rather than prespecified visit
and assessment schedules, and the lackof a control
group or randomized design. No standardized
data-reporting protocols were used; rather, the
investigators simply recorded the choicesmade for
patient care. Post-marketing pharmacovigilance
conducted in the context of routine clinical prac-
tice is inherently limited in data collection and
patient follow-up relative to controlled clinical
trials. Another limitation is that the study had a
high proportion of patients (n = 112) enrolled at
sites within Germany and a consequent large pro-
portion of data collected from a geographically
limited set of study sites and treating physicians.
Furthermore, SIADH may be caused by different
underlyingconditions, resulting inaheterogenous
study population.

CONCLUSION

This observational study found that tolvaptan is
selected for use in patients with hyponatremia
secondary to SIADH in a manner consistent
with the drug SmPC and that tolvaptan is
associated with improvement in serum sodium
levels and hyponatremia symptoms. Use of
tolvaptan to treat hyponatremia secondary to
SIADH in the clinical setting requires careful
monitoring of serum sodium levels to reduce
the risk of rapid correction of hyponatremia,
given that the target patient population is at
risk because of the underlying disease and
baseline sodium level.
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