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Introduction
Hyponatremia is defined as a serum sodium level 
lower than 135 mmol/l and it can be classified 

according to the severity (mild 130–134 mmol/l, 
moderate 125–129 mmol/l, severe <125 mmol/l) 
or the development (acute, decrease within 48 h, 
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Abstract
Background: Hyponatremia in cancer patients is often caused by the syndrome of 
inappropriate antidiuretic hormone secretion (SIADH). The aim of this observational 
multicenter study was to analyze the medical and economic implications of SIADH in this 
setting.
Methods: This study included 90 oncological patients from 28 Italian institutions that 
developed SIADH between January 2010 and September 2015. Data on clinical–pathological 
characteristics, anticancer therapies, hyponatremia, and related treatments were statistically 
analyzed.
Results: The majority were lung cancer patients (73%) with metastatic disease at the onset of 
hyponatremia (83%). A total of 76 patients (84%) were hospitalized because of SIADH and less 
than half (41%) received tolvaptan for SIADH treatment. The duration of hospitalization was 
significantly longer in patients who did not receive tolvaptan and in those who do not reach 
sodium normalization during hospitalization. Patients who experienced a second episode of 
hyponatremia following tolvaptan dose modification/discontinuation presented a significantly 
lower serum sodium value at the time of hospitalization and minimum sodium value during 
hospitalization compared with patients who had not experienced another episode. The severity 
of hyponatremia, defined as minimum sodium value during hospitalization with a cut-off 
value of 110 mmol/l, and not obtaining sodium correction during hospitalization significantly 
correlated with overall survival rate.
Conclusions: Hyponatremia due to SIADH could result in longer hospitalization and in a 
decreased overall survival when not adequately treated, and tolvaptan represents an effective 
treatment with a potential effect of both improving overall survival and decreasing duration of 
hospitalization.
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or chronic, decrease in more than 48 h) of the 
disease.1

Although there are differences in serum sodium 
cut-off points and in clinical settings, hypona-
tremia represents the most common electrolyte 
disorder in cancer patients,2,3 particularly in those 
who are hospitalized with a frequency up to 40%.4

The syndrome of inappropriate antidiuretic hor-
mone secretion (SIADH) represents the main 
cause of hyponatremia in cancer patients. Other 
causes include heart failure, nephritic syndrome, 
extracellular volume depletion, pulmonary disor-
ders, central nervous system disturbances (includ-
ing stroke and hemorrhage,) and drugs including 
tricyclic antidepressants, selective serotonin reup-
take inhibitors, opioids, chemotherapeutic agents 
(especially platinum-based regimens), and, more 
recently, targeted agents and immunotherapy.3,5–7

SIADH may result from many different disease 
processes that disrupt the normal mechanisms 
that regulate arginine vasopressin (AVP) secre-
tion. In cancer patients, this can be due to the 
ectopic release of antidiuretic hormone or to sec-
ondary AVP elevations as in paraneoplastic syn-
drome.8 The diagnostic criteria for SIADH were 
originally defined by Bartter and Schwartz in 1967 
(Table 1) and they remain unchanged today.9–11

The management of hyponatremia secondary 
to SIADH is dependent on the presence of 

related symptoms, the severity, and the dura-
tion of hyponatremia taking into account that 
incorrect management could adversely affect 
the patient’s outcome.1 When possible, correc-
tion of the underlying cause represents the 
most suitable therapeutic choice. Therapeutic 
options for the treatment of hyponatremia sec-
ondary to SIADH in cancer patients are the 
same as for other causes of SIADH including 
fluid restriction, sodium administration, or the 
use of selective vasopressin receptor antago-
nists. Other drugs such as urea and demeclocy-
cline can be used for the treatment of euvolemic 
hyponatremia due to SIADH. However, the use 
of these drugs is limited owing to constraints on 
their availability in different countries and their 
tolerability.12,13

In the management of hyponatremia, it is impor-
tant to monitor the rate of correction because a 
rapid increase in sodium levels could cause the 
development of osmotic demyelination, an irre-
versible condition that can lead to death. 
Therefore, the correction rate should not exceed 
10 mmol/l/24 h with a goal of 6–8 mmol/l/24 h and 
serum sodium levels have to be monitored partic-
ularly in the first 24 h.12

Hyponatremia represents an indicator of poor 
prognosis in malignancies and increases mor-
tality14,15 and morbidity leading to increased 
length of hospital stay with a considerable effect 
on costs.4,16–18

Table 1.  Diagnostic criteria for SIADH.

Criteria for diagnosing SIADH

Essential criteria

• � Clinical euvolemia, as defined by the absence of signs of hypovolemia (orthostasis, tachycardia, 
decreased skin turgor, dry mucous membranes) or hypervolemia (subcutaneous edema, ascites)

• � Decreased effective osmolality of the extracellular fluid (Posm <275 mOsm/kg H2O)
• � Inappropriate urinary concentration (Uosm >100 mOsm/kg H2O with normal renal function) at some level 

of plasma hypo-osmolality
• � Elevated urinary sodium excretion (>20–30 mmol/l) while on normal salt and water intake
• � Absence of other potential causes of euvolemic hypoosmolality: hypothyroidism, hypocortisolism 

(Addison’s disease or secondary adrenal insufficiency) and diuretic use

Supplementary criteria

• � Abnormal water load test (inability to excrete at least 90% of a 20 ml/kg water load in 4 h and/or failure 
to dilute Uosm to <100 mOsm/kg H2O)

• � Plasma AVP level inappropriately elevated relative to plasma osmolality
• � No significant correction of serum [Na+] with volume expansion but improvement after fluid restriction

AVP, arginine vasopressin; SIADH, syndrome of inappropriate antidiuretic hormone secretion
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In the literature, a limited amount of data are 
available on SIADH in cancer patients. This 
observational multicenter study aimed to analyze 
treatments, outcomes, and the medical and eco-
nomic implications of SIADH in a real-life setting 
of cancer patients reflecting a national perspective.

Patients and methods

Study population and data collection
The study population included adult patients 
with a histologically or cytologically confirmed 
diagnosis of solid tumors from 28 Italian institu-
tions that have developed SIADH between 
January 2010 and September 2015. SIADH was 
confirmed by evaluating volemic status, the meas-
urement of serum sodium concentration and 
serum osmolality, urine sodium concentration 
and urine osmolality, thyroid function tests, and 
serum cortisol. Hypovolemic and hypervolemic 
hyponatremia were excluded as well as hypona-
tremia due to other endocrine causes including 
adrenal insufficiency based on adrenal gland 
metastasis or hypothyroidism. The diagnosis of 
SIADH was based on the Bartter criteria that 
were all required for inclusion in this study.9

Retrospective, anonymized data on clinical– 
pathological characteristics, anticancer treatments, 
hyponatremia, and related signs/symptoms, 
SIADH treatments and their efficacy/toxicity were 
accessed and statistically analyzed. Data about 
hospitalization (length of stay and costs) were 
recorded for the patients who were hospitalized. 
According to Italian law (resolution 1 March 
2012, Gazzetta Ufficiale n.72 of 26 March 2012), 
ethics approval and informed consent were not 
required for this study owing to its retrospective 
nature, the use of anonymous data, and the fact 
that it was not associated with any change in 
patient’s management. All patients gave their 
written informed consent to all the diagnostic–
therapeutic procedures. This study has been real-
ized with University funding.

Statistical analysis
Clinical data were collected from medical chart 
reviews and electronic records. Overall survival 
(OS) was defined as the interval between the date 
of SIADH diagnosis to the last follow up or death, 
irrespective of cause. For hospitalized patients, 
the authors also estimated OS from the date of 
hospital admission. Survival distribution was 

estimated by the Kaplan–Meyer method with 
Rothman’s 95% confidence intervals and com-
pared across the groups using the log-rank test.

Cox proportional hazards models were applied to 
investigate the patient characteristics predictors 
of survival in univariate and multivariable analy-
sis. Variables not fitting at univariate analysis 
were excluded from the multivariate model. The 
nonmulticollinearity of the grouped covariates 
was also analyzed. The variables were investi-
gated using visual (histogram and probability 
plots) methods to determine whether they were 
normally distributed. Descriptive analyses were 
presented using the mean for normally distrib-
uted variables, but median, minimum, and maxi-
mum were used for those that were nonnormally 
distributed. The paired Student t test was used 
for normally distributed related variables. The 
Wilcoxon test was used for the related nonnor-
mally distributed variables. The significance level 
in the univariate model for inclusion in the multi-
variate final model was more freely set at a 0.2 
level. The likelihood ratio test was conducted to 
evaluate the improvement in prediction perfor-
mance gained by backward elimination of varia-
bles from the prognostic model. All other 
significance levels were set at a 0.05 value and all 
p values were two-sided. Statistical analyses were 
performed using MedCalc version 11.4.4.0 
(MedCalc Software, Mariakerke, Belgium).

Economic analysis
The cost of hospitalization was calculated by 
summing the direct medical costs (including all 
the interventions adopted to prevent, diagnose 
and treat a specific pathology and relative to 
goods and services moved because of the pathol-
ogy but not directly connected to its medical 
management), indirect costs (including the effect 
that the pathology has on the social sphere of the 
patient, for example, loss of working days by the 
patient or by their caregiver) and common busi-
ness costs (including the repercussions that direct 
costs generate on healthcare system, other welfare 
institutions, companies and organizations in 
which the patient and their caregivers operate, 
and the community as a whole). Quantification of 
the estimated daily costs considered the mean of 
daily direct medical costs, daily indirect costs and 
daily common business folded in each Institution 
included.19 Costs were obtained by multiplying 
the estimated daily cost with the number of days 
of hospitalization for every patient at any specific 
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hospital. This could potentially introduce weight-
ing errors but making an estimate was unavoida-
ble because the specific costs for every recovery 
were not available and there was variability 
between the centers involved.

Results
A total of 90 cancer patients who experienced 
SIADH between January 2010 and September 
2015 in 28 Italian Cancer Centers were included 
in the study.

The patient characteristics are summarized in 
Table 2. The male/female ratio was 58/32 
(64/36%) and median age at diagnosis was 
67 years (range 30–83 years). Histotypes and pri-
mary tumor sites were numerous (as reported in 
Table 2) representing a number of small sub-
groups with a low number of samples, and, for 
this reason, not easily comparable. In addition, 
this study included a high number of lung cancer 
patients (73%) and patients with metastatic dis-
ease at the onset of hyponatremia (83%).

The site of the primary tumor (p = 0.0044) is sig-
nificantly correlated with OS with shorter survival 
for lung neoplasms (Figure 1). Stratified by gen-
der, median OS was 11 months in males and 
24 months in females (p = 0.0016). Regarding 
stage at diagnosis, median OS was significantly 
lower in metastatic patients (11 versus 30 months, 
p = 0.0181). Therefore, univariate analysis dem-
onstrated that with the lung as the primary site, 
male gender and tumor stage IV at diagnosis were 
significantly associated with worse OS, while 
comorbidities (p = 0.4643), liver (p = 0.5698), 
lung (p = 0.1209), or bone (p = 0.1891) metasta-
ses, and number of treatment lines before hypona-
tremia (p = 0.0808) did not reach statistical 
significance. A multivariate analysis, primary site 
(p = 0.0254) and gender (p = 0.0131) were predic-
tors of OS, while a trend was observed in favor of 
the nonmetastatic stage at diagnosis (p = 0.0703).

A total of 76 patients (84%) were hospitalized 
because of SIADH (Table 3) and the median 
sodium level at admission was 120 mol/l (range 
101–141 mmol/l). Eunatremic patients at time of 
admission experienced hyponatremia during hos-
pitalization. The median duration of hospitaliza-
tion was 12 days (range 2–100 days).

A total of 37 patients (41%) received tolvaptan 
for SIADH treatment (group A) (Table 4). Other 

treatments for SIADH included hypertonic and 
saline solutions, diuretics, and fluid restriction 
(group B) (Table 5). Baseline characteristics were 
generally well balanced across all treatment 
groups, with the exception of gender and site of 
the primary tumor (Table 2).

Regarding nontolvaptan treatment options, most 
patients received hypertonic solution (38) alone 
or in combination with tolvaptan or other treat-
ments, reaching an mOS of 12 months. Most of 
these patients were affected by lung tumors, but 
primary neoplasm was localized in a small num-
ber of other sites including the gastrointestinal 
tract (five patients), ovary (one patient), liver or 
bile duct (one patient), and prostate (one patient). 
A total of nine patients were treated with urea 
(alone or in combination) and were all affected by 
metastatic lung cancer reaching an mOS of 
10 months. Other treatments included fluid 
restriction, isotonic saline, and diuretics adminis-
trated alone or in combination with other drugs 
used consecutively or simultaneously (Table 5).

In group A, 20 patients started tolvaptan at a dose 
of 15 mg/daily, 4 patients started with 30 mg/
daily, 12 patients with 7.5 mg/daily, and only 1 
patient started with 7.5 mg on alternate days.

No toxicity due to tolvaptan was observed in 31 
patients (84%), and 6 patients (16%) experienced 
dry mouth. Dose changing was prescribed in 19 
patients: in 4 patients the tolvaptan dose was 
increased to 30 mg/daily, while in the remaining 
15 patients it was decreased to 7.5 mg on alter-
nate days. In all the patients a hyponatremia 
improvement was observed with tolvaptan treat-
ment, which lasted at most 30 days in 49% of 
patients.

Patients in group A presented more severe hypona-
tremia at admission: median sodium value at the 
time of hospitalization was 118 mmol/l in group A 
(range 101–134 mmol/l) and 122 mmol/l in group 
B (108–135 mmol/l). In addition, hyponatremia 
was worse in group A with serum sodium 
⩽130 mmol/l in 95% patients and <120 mmol/l in 
51% of patients, while in group B it was 
⩽130 mmol/l in 62% of patients and <120 mmol/l 
in 24% of patients.

Serum sodium correction was a criterion for 
discharge because hyponatremia management 
implies the disappearance of related symptoms 
with an improvement of patient’s condition.

https://journals.sagepub.com/home/tam
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Table 2.  Patient’s demographics and clinical–pathological characteristics.

Characteristics All patients
(n = 90)

Tolvaptan
(n = 37)

Other therapies
(n = 53)

Number of patients (n) (%)

Gender  

Male 58 (64) 22 (59) 36 (68)

Female 32 (36) 15 (41) 17 (32)

Age  

Median 67 67 67

Range 30–83 49–80 30–83

Cigarette smoking  

Smokers 36 (40) 15 (40) 21 (40)

Exsmokers 25 (28) 14 (38) 11 (21)

Never smoked 21 (23) 7 (19) 14 (2615)

ND 8 (9) 1 (3) 7 (13)

Comorbidity  

No 15 (17) 7 (19) 8 (15)

Yes 75 (83) 30 (81) 45 (85)

•  Hypertension 38 (42) 11 (32) 27 (51)

•  Heart disease 17 (19) 9 (24) 9 (17)

•  COPD 15 (17) 6 (16) 9 (17)

•  Cerebrovascular disease 4 (4) 2 (5) 2 (4)

•  Diabetes mellitus 11 (12) 4 (11) 7 (13)

•  Liver disease 2 (2) 1 (3) 1 (2)

•  Clinical depression 8 (9) 3 (8) 5 (9)

Primary tumor location  

Lung 66 (73) 28 (74) 38 (72)

Gastrointestinal tract 8 (9) 3 (8) 5 (9)

Head and neck 7 (8) 1 (3) 6 (11)

Ovary 2 (2) 1 (3) 1 (2)

Liver or bile ducts 1 (1) 1 (3) 0

Prostate 1(1) 1 (3) 0

Kidney 1(1) 1 (3) 0

Breast 1 (1) 0 1 (2)

Skin 1 (1) 0 1 (2)

Uterus 1 (1) 0 1(2)

Other 1 (1) 1 (3) 0

(Continued)

https://journals.sagepub.com/home/tam
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Characteristics All patients
(n = 90)

Tolvaptan
(n = 37)

Other therapies
(n = 53)

Primary tumor histotype  

Small cell carcinoma 49 (54) 20 (53) 29 (54)

Adenocarcinoma 19 (21) 8 (22) 11 (21)

Squamous carcinoma 7 (8) 3 (8) 4 (7)

Sarcoma 2 (2) 0 2 (4)

NET 2 (2) 1 (3) 1 (2)

Adenosquamous carcinoma 1 (1) 1 (3) 0

Serous carcinoma 1 (1) 1 (3) 0

Hepatocarcinoma 1 (1) 1 (3) 0

Ductal carcinoma 1 (1) 0 1 (2)

Cholangiocarcinoma 1 (1) 0 1 (2)

Melanoma 1 (1) 0 1 (2)

Other 5 (6) 2 (5) 3 (6)

Stage at diagnosis  

Stage I 1 (1) 0 1 (2)

Stage II 3 (3) 1 (3) 2 (4)

Stage III 15 (17) 8 (22) 7 (13)

Stage IV 71 (79) 28 (75) 43 (81)

Stage at the onset of hyponatremia  

Stage I 0 0 0

Stage II 0 0 0

Stage III 15 (17) 8 (22) 7 (13)

Stage IV 75 (83) 30 (78) 45 (87)

•  Liver metastasis 28 (31) 13 (35) 15 (28)

•  Lung metastasis 27 (30) 10 (27) 17 (32)

•  Bone metastasis 27 (30) 13 (35) 14 (26)

•  Pleural metastasis 16 (18) 4 (11) 12 (23)

•  Brain metastasis 18 (20) 8 (22) 10 (19)

•  Adrenal gland metastasis 16 (18) 6 (16) 10 (19)

Hospitalization for hyponatremia  

No 14 (16) 0 (0) 14 (26)

Yes 76 (84) 37 (100) 39 (74)

COPD, chronic obstructive pulmonary disease; ND, not determined; NET, neuroendocrine tumor.

Table 2.  (Continued)

https://journals.sagepub.com/home/tam
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In this study the length of hospitalization was sig-
nificantly longer in those patients who did not 
receive tolvaptan (median 10 days, range 2–41 days, 
in patients receiving tolvaptan versus 15 days, 
range 6–100 days, in patients not receiving 
tolvaptan; p = 0.002) and in those patients 
(19%) who did not reach sodium correction 

(considered as an improvement, >130 mmol/l, 
or a normalization, ⩾135 mmol/l, of sodium 
value) during hospitalization (p < 0.0001).

In addition, sodium normalization was obtained 
in 36 patients (40%) in group A and in 37 patients 
(41%) in group B.

Figure 1.  Overall survival stratified by primary tumor location (1 =  lung versus 2 = other sites) in the general 
population.

Table 3.  Hyponatremia’s characteristics in hospitalized patients.

Characteristics All patients
(n = 76)

Tolvaptan
(n = 37)

Other therapies
(n = 39)

Number of patients (n) (%)

Days of hospitalization  

Median 12 10 15

Range 2–100 2–41 6–100

Sodium value at the time of hospitalization (mEq/l)  

Median 120 118 122

Range 101–135 101–134 108–135

Sodium correction during hospitalization  

No 17 (22) 1 (3) 16 (41)

Yes 59 (78) 36 (97) 23 (59)

https://journals.sagepub.com/home/tam
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Serum sodium levels were monitored over the 
first 24 h at regular intervals of 4–6 h, in order to 
control the correction speed. Rapid correction 
was not observed, even in the 30% of tolvaptan-
treated patients that also received hypertonic 

saline (these treatment options were often used 
consecutively and not simultaneously).

The cost of hospitalization for cancer patients 
ranged from €220–1000/day for patients with an 

Table 4.  Treatment characteristics in 37 patients treated with tolvaptan.

Characteristics Number of patients (n) (%)

Starting dose  

30 mg/d.i.e. 4 (13)

15 mg/d.i.e. 20 (54)

7.5 mg/d.i.e. 12 (30)

7.5 mg on alternate days 1 (3)

Dose modification  

No 18 (49)

Yes 19 (51)

Adverse events  

No 31 (84)

Yes 6 (16)

Other episodes of hyponatremia after tolvaptan dose 
modification/discontinuation

 

No 24 (65)

Yes 13 (35)

Table 5.  Hyponatremia’s treatments.

Characteristics All patients
(n = 90)

Tolvaptan
(n = 37)

Other therapies
(n = 53)

Number of patients (n) (%)

Other treatment for hyponatremia 
except tolvaptan

 

No 20 (22) 20 (59) 0

Yes 70 (78) 17 (41) 53 (100)

•  Fluid restriction 25 (28) 5 (13) 20 (38)

•  Hypertonic saline (3% NaCl) 38 (42) 11 (30) 27 (51)

•  Isotonic saline 18 (20) 5 (13) 13 (25)

•  Diuretic 4 (4) 3 (8) 1 (2)

•  Urea 9 (10) 0 9 (17)
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Figure 2.  Overall survival stratified by the severity of hyponatremia as minimum sodium value during 
hospitalization (1 ⩾ 110 mmol/l versus 2 < 110 mmol/l) in the general population.

Figure 3.  Overall survival stratified by sodium correction (considered as an improvement, >130 mmol/l, or a 
normalization, ⩾135 mmol/l, of sodium value) during hospitalization (1 = yes versus 2 = no) in the general 
population.
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average of €399/day. Even though there was wide 
variability among institutions, the cost of hospi-
talization for a patient with hyponatremia calcu-
lated on the median of days of hospitalization 
ranged from €3990 for patients receiving tolvap-
tan to €5985 for patients not receiving tolvaptan.

Patients who experienced another episode of 
hyponatremia following tolvaptan dose modifica-
tion/discontinuation (35%) requiring hospitaliza-
tion presented a significantly lower serum sodium 
value at the time of hospitalization (p = 0.002) 
and a significantly lower minimum sodium value 
during hospitalization (p = 0.006) compared to 
patients who have not experienced another epi-
sode. In addition, the minimum sodium value 
during hospitalization was significantly lower in 
patients that required other treatments for 
hyponatremia, apart from tolvaptan (78%), 
(p < 0.0001) compared with patients that required 
only tolvaptan.

The severity of hyponatremia, defined as the 
minimum sodium value during hospitalization 
with a cut off value of 110 mmol/l (p = 0.0001) 
(Figure 2), and not obtaining sodium correc-
tion during hospitalization (p = 0.0003) (Figure 
3) was significantly correlated with OS in the 

general population. In addition, to reduce the het-
erogeneity of the performed analysis, the authors 
carried out survival comparisons in the lung 
cancer patients subgroup confirming the findings 
(Figures 4 and 5).

Discussion
Hyponatremia represents the most common elec-
trolyte disorder encountered in cancer patients3 
and most cases of hyponatremia are caused by 
SIADH, which occurs with a wide range of malig-
nancies that affects 1–2% of the entire cancer 
population.2,20

This study represents, to the best of the authors’ 
knowledge, the largest multicenter study investi-
gating SIADH in cancer patients with the aim of 
increasing knowledge about treatments, out-
comes, the medical and economic implications of 
SIADH in malignancies and reflecting the national 
perspective.

Although several studies have focused on hypona-
tremia in cancer patients, only a limited number 
of case reports of SIADH are available in this set-
ting and only a limited amount of data on SIADH 
in cancer patients are available in the literature. In 

Figure 4.  Overall survival stratified by the severity of hyponatremia as minimum sodium value during 
hospitalization (1 ⩾ 110 mmol/l versus 2 < 110 mmol/l) in the lung cancer patients subgroup.
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addition, relatively little is known about the rela-
tionship between abnormal serum sodium and 
medical costs.

In this study, the length of hospitalization was sig-
nificantly longer in the patients (19%) who did 
not reach sodium normalization during hospitali-
zation. Furthermore, the severity of hyponatremia 
and not obtaining sodium correction during hos-
pitalization significantly correlated with OS in the 
general population as well in the lung cancer 
patients subgroup.

Many studies suggest that hyponatremia could be 
an indicator of poor prognosis not only in small 
cell lung cancer (SCLC),21 but also in other types 
of neoplasms including non-small cell lung can-
cer (NSCLC),22,23 pleural mesothelioma,24 renal 
cell carcinoma,25 and gastrointestinal cancer.26

In addition, it might have a negative effect on 
quality of life, increasing morbidity and the length 
of hospital stay with a considerable effect on 
costs.4,16,17

Hyponatremia due to SIADH could also have a 
negative effect on the response to anticancer 
treatments.25,27,28 Furthermore, there is an 
increasing body of evidence indicating that the 

correction of sodium and amelioration of the clin-
ical symptoms is important in improving quality 
of life and prognosis in patients with extensive 
disease as well as preventing and reversing the 
neurologic sequelae.29–31

Current treatment options for hyponatremia are 
often limited because of poor compliance or 
undesirable side effects. A recent randomized 
controlled trial demonstrated that the vasopres-
sin-2-receptor antagonist tolvaptan is effective in 
correcting SIADH-associated hyponatremia 
among patients with cancer.32 Tolvaptan appears 
to offer a more tolerable approach to the manage-
ment of hyponatremia due to SIADH.

In the authors’ analysis, no considerable toxicity 
due to tolvaptan was observed, except for dry 
mouth in a few cases. The authors also observed 
a significantly increased length of hospital stay in 
those patients who did not receive tolvaptan.

Patients who experienced another episode of 
hyponatremia following tolvaptan dose modifica-
tion/discontinuation (35%) presented a signifi-
cantly lower serum sodium value at the time of 
hospitalization and a significantly lower minimum 
sodium value. In addition, the minimum sodium 
value during hospitalization was significantly 

Figure 5.  Overall survival stratified by sodium correction (considered as an improvement, >130 mmol/l, or 
a normalization, ⩾135 mmol/l, of sodium value) during hospitalization (1 = yes versus 2 = no) in the lung 
cancer patients subgroup.
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lower in patients that required other treatment for 
hyponatremia, apart from tolvaptan (78%), com-
pared with patients who required only tolvaptan.

However, the current study has some limitations. 
First, the retrospective nature of this study could 
result in unwanted methodological biases. In 
addition, the therapy choices in hyponatremic 
patients were not randomized, therefore, conclu-
sions about the relative efficacy of the treatments, 
including tolvaptan, are limited. Finally, specific 
costs for every recovery were not available and 
there was variability between centers. The inevi-
table weighting errors in evaluation of costs could 
also affect the economic analysis. These findings 
are in accordance with previous studies suggest-
ing that the correction of hyponatremia could 
improve patient outcomes. It is controversial 
whether the development and severity of hypona-
tremia correlate with tumor burden and the extent 
of metastatic disease.

Conclusion
To the best of the authors’ knowledge, this is the 
largest multicenter study analyzing SIADH in can-
cer patients to demonstrate that hyponatremia due 
to SIADH could result in an increase in length of 
hospitalization. It could also result in a decreased 
OS if not adequately corrected and that tolvaptan 
has the potential to be an effective treatment with 
a potential effect in improving both. Based on the 
present findings, a national study is underway to 
confirm the result prospectively (ASSERT trial).
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