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Abstract: Hyponatremia is the most common electrolyte disorder in lung cancer patients.
This condition may be related to many causes including incidental medications, concurrent
diseases and side effects of antineoplastic treatments or the disease itself. Although not
frequently life-threatening, it is usually associated with prolonged hospitalization, delays

in scheduled chemotherapy, worsening of patient performance status and quality of life

and may also negatively affect treatment response and survival. Most of the available data
focus on thoracic tumors, especially small-cell lung cancer (SCLC), where hyponatremia

is frequently related to the syndrome of inappropriate secretion of antidiuretic hormone
(SIADH). Few studies specifically focus on non-small cell lung cancer (NSCLC]) patients.
Hyponatremia treatment needs to be personalized based on severity and duration of sodium
serum reduction, extracellular fluid volume and etiology. However, literature data highlight
the importance of early correction of the serum concentration levels. To achieve this the main
options are fluid restriction, hypertonic saline, loop diuretics, isotonic saline, tolvaptan and
urea. The aim of this review is to analyze the role of hyponatremia in lung cancer patients,
evaluating causes, diagnosis, management and clinical implications.
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Introduction

Electrolytic disorders are common in cancer
patients and may worsen patient prognosis. Among
these disorders, hyponatremia is the most com-
mon although its prevalence is not well known.

Several guidelines suggest that hyponatremia is
defined as serum sodium concentration (Na+)
lower than 135 mmol/l,! with different degrees of
severity (mild 130-134 mEq/l, moderate 125-129
mEq/l and severe <125 mEq/l).! However differ-
ent cutoffs have been used to classify patients
based on their hyponatremia levels.? Several fac-
tors might lead a cancer patient to hyponatremia,
such as incidental medications, concurrent dis-
eases, side effects of antineoplastic treatments or
the cancer itself. Although not frequently life-
threatening, it usually causes prolonged hospitali-
zation, delay in scheduled chemotherapy and
worsening of patient performance status and

quality of life.>* Out of different types of cancer,
lung cancer is the one most frequently associated
with hyponatremia; retrospective studies showed
an incidence of about 20-44% in this setting.>>~7
According to Hermes and colleagues the incidence
of hyponatremia in small-cell lung cancer (SCLC)
is 18.9% and correlates with disease stage at diag-
nosis; 24% in patients with extensive disease com-
pared with 11% in those with limited disease.® In
metastatic patients, those with liver and pleural
metastases are more likely to develop hypona-
tremia, according to Hansen and colleagues.> Few
studies have specifically focused on non-small cell
lung cancer (NSCLC) patients.>»%12 The esti-
mated incidence of the syndrome of inappropriate
secretion of antidiuretic hormone (SIADH) in this
subgroup of patients is about 2—4%.°

The aim of this review is to analyze the role of
hyponatremia in lung cancer patients,
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evaluating causes, diagnosis, management and
clinical implications.

Methods

We extensively reviewed the available scientific
literature, searching studies on hyponatremia
published between 1982 and April 2017, using
PubMed and MEDLINE databases. The search
was limited to English language publications. The
search terms included hyponatremia, lung can-
cer, chemotherapy, survival and syndrome of
SIADH. Full articles were obtained and we
checked for additional appropriate references.
Where results were reported or updated in more
than one publication, only the most recent one
was used.

Etiology

Sodium homeostasis is regulated through an inte-
grated system involving antidiuretic hormone
(ADH, also known as vasopressin or AVP) and
kidney excretion of water and sodium. In normal
conditions, ADH is secreted by the posterior
pituitary in response to increased plasma osmolal-
ity or decreased blood volume and pressure. The
same causes arise in renin production by the kid-
ney with activation of angiotensin II and the
aldosterone system. ADH production inhibits
aldosterone secretion.!?14 The aim of this mecha-
nism is to regulate the levels of serum osmolality
and Na+ content within the normal ranges of
275-295 mOsm/kg and 135-145 mmol/l,
respectively.15:16

Classification of hyponatremia depends on serum
osmolality levels: isotonic (275-295 mOsm/kg),
hypertonic (>295 mOsm/kg) and hypotonic
(<275 mOsm/kg). Pseudohyponatremia is a lab-
oratory artifact related to marked elevations of
either proteins or lipids in serum. This condition
must be considered for differential diagnosis of
hyponatremia but it does not need any action.

Isotonic and hypertonic hyponatremia occur
where there is an increase in osmotically active
solutes in the extracellular fluid and, conse-
quently, a water efflux from the intracellular to
the extracellular space. These conditions occur,
for example, in cases of hyperglycemia.l7-1°

Out of the two, hypotonic hyponatremia is the
most frequent subtype in cancer patients and it
can be classified as euvolemic, hypervolemic or

hypovolemic based on the extracellular fluid
(ECF) volume (Table 1).2021 Hypovolemic
hyponatremia can be caused by renal fluid and
solute losses, vomiting, diarrhea, adrenal insuffi-
ciency (i.e. Addison’s disease and adrenal gland
destruction), nephropathy and cerebral salt wast-
ing. Hypervolemic hyponatremia occurs when
there is an excess of total body water, a typical
symptom of several edematous states such as cir-
rhosis, nephrotic syndrome and congestive heart
failure.?223 Euvolemic hyponatremia shows nor-
mal ECF levels because the increase of total water
is predominantly occurring in the intracellular
space. The most frequent cause of this subtype of
hyponatremia in cancer patients is SIADH, but
also endocrinopathies such as pure glucocorticoid
deficiency or hypothyroidism and polydipsia and
beer potomania should be considered.2 SIADH is
due to increased secretion from the pituitary
gland or to ectopic production of ADH by tumor
cells. High levels of ADH cause a reduction of
renal free water excretion, which leads to serum
hypoosmolality and hyponatremia.2%25

SIADH has been identified in different solid tumors,
although the incidence is higher in SCLC.26-28

In lung cancer patients, other pulmonary disor-
ders such as asthma, chronic obstructive pulmo-
nary disease, acute respiratory failure or
positive-pressure ventilation are responsible for
SIADH.!4

Furthermore, anticancer therapies or other con-
comitant treatments can cause hyponatremia
through different mechanisms (Table 2).2°

Prabhash and colleagues confirmed the role of
anticancer drugs in producing this electrolyte dis-
order. In particular, their retrospective study
showed an association between platinum drugs,
alkylating agents, vinca alkaloids, epidermal
growth factors receptor monoclonal antibody
inhibitors, tyrosine kinase inhibitors and the
occurrence of hyponatremia.3® Case reports had
already demonstrated that patients treated with
the chemotherapy regimen vinorelbine, cyclo-
phosphamide or methotrexate are more likely to
develop hyponatremia.?1-33 In a recent study
focused on the use of carboplatin in NSCLC, Ma
and colleagues found that its use was significantly
associated with occurrence of hyponatremia.3*
The mechanism of action could be explained by
excessive water ingestion and decreased serum
electrolyte concentrations.
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Table 1. Causes of hypotonic hyponatremia.

Hypotonic hyponatremia

Serum osmolality Euvolemic

Low Causes:

<275 mmosm/kg — SIADH
— Polydipsia

— Hypothyroidism
— Pure glucocorticoid deficiency
— Beer potomania

Hypervolemic

Causes:

— Edematous syndromes
- Cirrhosis
- Congestive heart failure
- Nephrotic syndrome

— Ascites

— Renal failure

Hypovolemic

Causes:

— Depletion of H,0 and salts

— Gastrointestinal losses [vomiting)

— Diuretics

— Nephropathy sodium losing

— Cerebral salt wasting

— Adrenal insufficiency (Addison’s disease, adrenal gland destruction)

SIADH, syndrome of inappropriate secretion of antidiuretic hormone.

Table 2. Drugs inducing hyponatremia and their mechanism of action.

MECHANISM DRUGS
Increasing ADH Tricyclic
secretion Selective serotonin reuptake inhibitors

Antiepileptic

e Carbamazepine

e Oxcarbazepine

e Valproic acid
Antineoplastic drug

e Vinca alkaloids

e Platinum derivatives

e Methotrexate

e Cyclophosphamide
Morphine
Angiotensin-converting-enzyme inhibitor
Proton pump inhibitors
Amiodarone
Trimethoprim-sulfamethoxazole

Increasing ADH renal Hypoglycemics
sensitivity e chlorpropamide
e metformin
Nonsteroidal anti-inflammatory drugs
Venlafaxine
Carbamazepine

Reducing sodium Cisplatin

reabsorption by kidney Mannitol
Thiazide diuretics
Loop diuretics

ADH, antidiuretic hormone.
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1% step: Measure

plasma osmolality |:>

>275 mOsm/kg
Isotonic or Hypertonic Hyponatremia

U

<275 mOsm/kg
Hypotonic Hyponatremia |:>

2" step: Measure
urine osmolality

<100 mOsm/kg
|:> Appropriate renal
dilution

\

>100 mOsm/kg —
Inappropriate renal Polydipsia
dilution (urine sodium <20 mEq/l)

I

s

| 3 step: Determine Extracellular Fluid Volume (ECF) status |

i

\u \

Hypovolemia Euvolemia

Hypervolemia

-Renal sodium loss -SIADH
(urine sodium >20 mEq/l)

-Extrarenal sodium loss

(urine sodium <20 mEg/l)

-Hypothyroidism
-Glucocorticoid deficiency
(urine sodium >20 mEqg/l)

-Renal Failure

(urine sodium >20 mEg/l)
-Heart failure, Cirrhosis
(urine sodium <20 mEg/l)

Figure 1. Algorithm for first diagnostic approach to hyponatremia.
SIADH, syndrome of inappropriate secretion of antidiuretic hormone.

The association between pemetrexed and hypona-
tremia was analyzed by Gota and colleagues in 46
patients with advanced NSCLC.3> A total of 16
patients (35%) receiving pemetrexed experienced
at least one episode of grade 3 hyponatremia
(<130-120 mmol/l) according to the Common
Terminology Criteria for Adverse Events 4.03
(CTCAE). Patients affected by severe hypona-
tremia (<124 mEqg/l) had a lower pemetrexed
clearance compared with patients with normal
sodium concentration (p = 0.001).

Diagnosis and clinical presentation
Hyponatremia can be diagnosed by chance in
asymptomatic patients during routine labora-
tory tests or it can be suspected in cancer
patients who develop suggestive (mostly neuro-
logical) symptoms.13

When hyponatremia has been detected, addi-
tional laboratory investigations are needed for a
correct differential diagnosis and appropriate
therapy choice (Figure 1).13:36 Euvolemic hypona-
tremia in lung cancer patients, especially SCLC,
should suggest the diagnostic hypothesis of para-
neoplastic SIADH.

The main diagnostic criteria for SIADH are:
reduced plasma osmolality <275 mOsm/kg,
increased urine osmolality >100 mOsm/kg, euv-
olemic status, increased urinary sodium >30
mEq/l, normal kidney, thyroid and adrenal func-
tion. Additional diagnostic criteria are: no use of
diuretics, reduced blood uric acid <4 mg/dl,
reduced blood urea nitrogen (BUN) <10 mg/dl,
increased sodium renal excretion fraction >1%,
and increased urea excretion fraction >55%.37
The severity of clinical presentation depends on
the magnitude of the hyponatremia as well as on
the speed of decline in serum sodium concentra-
tion. In fact, hyponatremia can be classified as
acute, if it develops within 48 h, and chronic, if it
develops over 48 h, a timeframe that allows the
brain to initiate adaptive mechanisms. Patients
with acute hyponatremia present different altera-
tions that can vary from unspecific symptoms
such as headache, nausea, vomiting and muscle
cramps, to life-threatening conditions such as
bradycardia, hypertension, impaired regulation of
body temperature, cerebral herniation, convul-
sions and coma.384! Chronic hyponatremia is
usually an asymptomatic condition or, at worst,
results in weakness, nausea, vomiting and loss of
appetite. Recent studies have shown long-term
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side effects even for mild-to-moderate hypona-
tremia such as deficits in gait and attention, falls,
bone losses and fractures.42-44

Treatment

Hyponatremia treatment needs to be personal-
ized depending on the severity and duration of
sodium serum reduction, ECF volume and etiol-
ogy.%5 In the last few years, several international
and national expert panels have published guide-
lines for detecting and managing this electrolyte
disorder in cancer patients, although with differ-
ences in recommendations.!3:46:47 Firstly, it is rec-
ommended to detect the cause of reduced sodium
concentration, although the increase in sodium
concentration levels is likely to be the main issue
in life-threatening hyponatremia.

Sodium correction needs to be managed with
care, to avoid an overcorrection causing a neuro-
logical side effect described as central pontine
myelinolysis. Chronic hyponatremia induces the
brain’s adaptation to hyposmolality of extracel-
lular space by the secretion of osmotically active
solutes. When the extracellular sodium concen-
tration increases too rapidly, cells are not able to
adapt, leading to blood-brain barrier damage,
influx and activation of complement that leads
to osmotic demyelination. In this case, after an
initial clinical benefit due to a rapid rise in
sodium levels, patients experience progressive
neurological impairment, which can result in
irreversible damage.4!-48 Risk of osmotic demy-
elination syndrome is high in patients with
chronic and severe hyponatremia (<105
mmol/l), hypokalemia, as well as in those with
history of alcoholism, malnutrition or liver fail-
ure. The limit of correction is 4—6 mmol/l in the
first 24 h. Serum sodium concentration and
urine volume must be closely monitored until
Na+ >125 mmol/l. In case of hypercorrection
(>8 mmol/l/24 h), re-lowering is recommended.
For patients without high risk factors, the limit
of hyponatremia correction is an increase in
sodium concentration of <10-12 mmol/l in 24 h
and of <18 mmol/l in 48 h.46:48

The importance of early correction is generally
acknowledged. Even if most patients with mild
chronic serum sodium reduction are usually
asymptomatic, they may have a higher risk of
complications such as gait instability, falls or frac-
tures. Clinical effects of hyponatremia are
enhanced in hospitalized cancer patients.4%-5!

In cases of isotonic and hypertonic hyponatremia,
physicians have to correct the underlying issues,
except for pseudohyponatremia that does not need
any action, as mentioned earlier. For hypotonic
hyponatremia, treatment options depend on symp-
toms and total body water amount. In cases of
hypervolemic conditions and absent or mild symp-
toms, it is suggested to decrease fluid intake and
increase renal water excretion by loop diuretics
such as furosemide. If patients appear sympto-
matic, serum sodium (Na+) must be recovered by
hypertonic saline. Patients with hypovolemic
hyponatremia need to be treated with isotonic or
hypertonic saline on the basis of the severity of
clinical features, as for hypotonic hyponatremia.
Mild symptoms due to euvolemic hyponatremia
can benefit from fluid restriction, but if the patient
experiences severe or acute reduction of serum
sodium concentrations it is important to adminis-
ter hypertonic saline with or without furosemide.
Moreover, pure glucocorticoid deficiency and
hypothyroidism need specific hormone replace-
ment. For patients affected by SIADH, vaptans
represent a new class of drug antagonizing the V2
receptor on renal tubular cells. To date, two mol-
ecules are approved: conivaptan and tolvaptan.
The prescription of conivaptan (intravenous use)
has been authorized for euvolemic hyponatremia
due to SIADH by the United States (US) Food
and Drug Administration (FDA) but not by the
European Medicines Agency (EMA); it has also
been evaluated in patients with hypervolemic
hyponatremia (mainly in patients with congestive
heart failure (CHF)) but safety has not been estab-
lished.>? Oral tolvaptan is approved by the US
FDA and the EMA for use in euvolemic hypona-
tremia due to SIADH with mild or moderate
symptoms. The dose range varies from 15 to 60
mg/day and dosage changes need to be carefully
evaluated by sodium concentration and plasma
volume, at 24-h intervals. Patients should be mon-
itored at recovery to avoid the risk of overcorrec-
tion. The drug must be discontinued if the serum
sodium rises up to 135 mmol/l or the increase has
been >5 mmol/l in the previous 24 h.%53 Recent
retrospective studies highlighted the role of tolvap-
tan in lung cancer patients with SIADH diagnosis.
Petereit and colleagues, in a small monocentric
study in SCLC patients, demonstrated its efficacy
in increasing sodium concentration and conse-
quently in performance status improvement and
better chemotherapy adherence.5* Tolvaptan treat-
ment needs to be continued throughout the clini-
cal management of lung cancer, due to the
reversible effect of this drug when stopped.
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However, in some cases, SIADH resolves with
tumor response to chemotherapy and with resolu-
tion of concomitant causes. Few literature data,
deriving from case reports and retrospective stud-
ies, support the efficacy of urea for SIADH treat-
ment, but its use is allowed in several guidelines3746
and it is recommended as a second-line treatment
in European guidelines.

Urea is an osmotic solute that induces renal fluid
loss and decrease in urinary sodium excretion.46:55,56

Focus on hyponatremia in lung cancer

patients

Hyponatremia is a well-known prognostic and
predictive factor in cancer patients and it has a
negative influence on performance status and
hospitalization.6:15,17,25,27,29

In fact, Doshi and colleagues demonstrated a
significant difference in length of hospital stay
between cancer patients with hyponatremia
(defined as <135 mEq/l; median of 10.2 days)
and patients with eunatremia (median of 5.6
days; p < 0.01).# Similarly to Doshi and col-
leagues, our previous study conducted on 105
consecutive hospitalized cancer patients (28.6%
lung adenocarcinoma) showed that hypona-
tremia (defined as <134 mEq/l) increased the
length (p = 0.0001) and the cost of hospitaliza-
tion. In particular, the median number of days
of hospitalization was different in moderate
hyponatremia and severe hyponatremia (9 ver-
sus 21 days).3

Furthermore, Abu Zeinah and colleagues showed
a correlation between hyponatremia grade and
risk of in-hospital mortality: considering 130
mEq/l as a cutoff, patients with moderate-to-
severe hyponatremia had a 4.28-times higher risk
of death than those with normal-to-mild hypona-
tremia (p < 0.05).57

Moreover, hyponatremia affects performance sta-
tus in different disease settings, including the pal-
liative care one.>8

Most available data concern thoracic tumors,
especially SCLC, in relation to high the frequency
of SIADH.

In a recent prospective single-center study con-
ducted by Wang and colleagues, the incidence
of SIADH was 9.1% (35 patients of 385).5°

Hyponatremia was mainly severe (<125 mmol/l,
29/35 patients). They observed a significant dif-
ference in median progression-free survival (PFS)
[6.7 versus 9.2 months, hazard ratio (HR): 0.610,
p = 0.007] and median OS (11.6 wversus 19.2
months, HR: 0.464, p = 0.000) between the
SIADH group and control group. A further anal-
ysis regarding SIADH patients that recovered to
normal serum sodium showed a median PFS sim-
ilar to the control group.

In a retrospective study on 395 SCLC patients by
Hermes and colleagues, the hyponatremia (<135
mmol/l) subgroup showed shorter median sur-
vival (9.0 wersus 13.0 months, p < 0.001),
although reduction in patients with extensive dis-
ease was not significant (9.0 versus 10.0 months,
p=0.135).8

Castillo and colleagues analyzed 405 patients
with NSCLC during chemotherapy treatment,
75.8% with =1 hyponatremia episode (cutoff <
135 mEq/l), with significantly increased likeli-
hood of death [HR 2.8, 95% confidence interval
(CI) 2.0-3.9; p < 0.01].°0

The prognostic role of hyponatremia has also
been recognized in patients treated with tar-
geted therapies. Svaton and colleagues showed
a better response rate to erlotinib in NSCLC
patients with normal serum sodium compared
with patients with low serum sodium
concentrations.61,62

In a retrospective surgical analysis assessing
386 patients with NSCLC, hyponatremia was
found in 59.7% of patients (cutoff =139
mEq/l). The study showed a significant prog-
nostic role of low serum sodium concentration
(p = 0.002).63

Normalizing sodium concentration seems to
improve survival in SCLC and NSCLC patients.

Petereit and colleagues, in a monocentric study
with 2145 lung cancer patients, showed that
median 2-year survival was 13.32 months in
patients with correction of plasma sodium (>138
mmol/l) versus 5.16 months in patients with Na+
<138 mmol/l (p = 0.007).28

Patients with SIADH diagnosis improved their
serum sodium concentrations if treated with
tolvaptan but there are not enough available data
about its effect on increasing survival. 13,5464
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Therefore, sodium is considered an important fac-
tor for prognosis and survival in cancer patients.3:65

In our retrospective experience on a large series of
NSCLC patients, the normalization of sodium
concentration improved overall survival (OS) and
PFS.%

Similarly, Hansen and colleagues showed that
normalizing hyponatremia has an impact on out-
come in SCLC.>

Conclusion

Hyponatremia is an emerging issue in cancer
patients, especially those affected by lung cancer.
Among different causes of hyponatremia, SIADH
plays a central role due to its frequency especially
in SCLC, but it should be suspected also in other
tumors, such as NSCLC. In conclusion, this
review pointed out the need to start the specific
diagnostic-therapeutic algorithm early, to improve
patients’ quality of life and compliance to anti-
cancer treatments.
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