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Abstract: Small cell lung cancer (SCLC) is one of the malignant cancers of lung tumors, and
hyponatremia, defined as serum sodium concentration (Na") lower than 135 mmol/L, is the most common
complication of solid tumors, with an incidence of up to 18.9% and a negative impact on quality of life
in SCLC. As a prognostic index of SCLC, timely monitoring and correcting of hyponatremia is of great
clinical significance for prolonging the survival period of patients. In the explore of new drugs for small
cell lung cancer, it is necessary to include hyponatremia as an evaluation index in clinical studies. As the
occurrence of hyponatremia is sometimes unavoidable owing to SCLC specific neurological characteristics,
early monitoring to detect the presence of hyponatremia and timely correction are helpful to improve
the prognosis of patients. There are many predisposing factors for hyponatremia, including heterotopia
of antidiuretic hormone (ADH), use of platinum-based chemotherapy drugs, and intracranial metastasis,
among others. Patients with small cell lung cancer are usually asymptomatic in the early stage, while it is
of great significance to find a suitable clinical index to judge whether it is a malignant inducement or not.
In the clinical setting, due to different electrolyte levels and therapeutic scheduling for the primary disease,
an individualized plan is often made, mainly comprising water restriction, infusion, and medications. This
review includes related clinical studies and describes the common symptoms and predisposing factors of

hyponatremia in patients with SCLC, and their impact on quality of life and prognosis.
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Introduction serious complication of lung cancer, occurs in 25-47%
of patients (4); while the incidence appears high, 36% of

Small cell lung cancer (SCLC) is a malignant tumor with them predominantly manifests mildly when correlated

strongly unfavorable outcomes, thus early diagnosis and
treatment of the disease is key to the survival and prognosis
of those afflicted (1,2). Many patients have no choice but
to undergo chemotherapy combined with radiotherapy
swiftly following diagnosis (3). Hyponatremia, as a
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with lung cancer (5). Compared with other tumors, severe
hyponatremia tends to take place particularly in SCLC,
accounting for 19.9% (6). Unfortunately, hyponatremia
encroaches on the quality of life of SCLC patients.

We present the following article in accordance with the
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Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/tler-20-1147).

Development of hyponatremia

The etiology of hyponatremia is complex, and there are many
reasons why patients develop hyponatremia. Hyponatremia
may arise in correlation with: (I) stroke and other primary
mental primary diseases (7); (II) carbamazepine (8),
cyclophosphamide, and selective serotonin reuptake
inhibitors (SSRI) (9), exogenous hormones and other
drugs; (III) primary tumors (10); (IV) hypophysis disease,
hypothyroidism and adrenal insufficiency (11); (V) surgery;
(VI) lung diseases such as pneumonia; (VII) hereditary
syndrome of inappropriate antidiuretic hormone secretion
(SIADH) (12). Hyponatremia often occurs insidiously, with
complicated etiology.

The most serious and malignant inducement for
hyponatremia is primary malignant tumors, especially
SCLC. In the case of SCLC, after excluding other
etiologies, the risk of hyponatremia is increased by the
therapeutic schedule for the primary disease, STADH caused
by paraneoplastic syndrome, and also disease progression to
the brain.

Primary lung cancer treatment

In the treatment of primary lung cancer, different
platinum groups have varying side effects due to divergent
characteristics of nephrotoxicity. The incidence of
hyponatremia was higher in patients treated with cisplatin
than carboplatin (13.5% vs. 7.6%; P<0.01) (6). Cisplatin,
a traditional and effective drug for lung cancer, has shown
greater gastrointestinal and renal toxicity (13), which are
both considered causes of hyponatremia (14). In a study
of 281 patients, 12 (4.3%) cases of short-term decrease in
serum sodium after using cisplatin were recorded (15).

At the same time, in a retrospective study with 46
advanced non (N)SCLC patients, it was speculated that
pemetrexed itself may lead to sodium imbalance, which
was unrelated to the combined administration of platinum
therapy (16). Although the incidence of hyponatremia
observed during pemetrexed maintenance therapy was
very high, there was an obvious limitation in this study;
the correlation between pemetrexed and hyponatremia was
discovered accidentally, so further prospective clinical trials
are required to specifically evaluate the role of pemetrexed
in hyponatremia.
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Recently, immunotherapies have also been reported to
be at risk of aggravating hyponatremia in lung cancer (17).
Nivolumab is one such targeted therapy, which induces
adrenal insufficiency and causes hyponatremia (18).

Syndrome of inappropriate secretion of
antidiuretic hormone (ADH)

The incidence of STADH in patients with SCLC is 10-16%,
yet only 2-4% in NSCLC patients (19-21). Bartter and
Schwartz formulated the diagnostic standard for SIADH in
1967 (22), and it is still in use today. Distinguishing SIADH
from other causes of hyponatremia, particularly salt wasting
syndrome and other hypovolemic states, is significant for
selecting the appropriate treatment and ensuring that serum
sodium abnormalities do not deteriorate. Caused by ectopic
and unregulated secretion of ADH, SIADH patients exhibit
combined water retention and secondary solute loss. The
overall solute loss in patients with chronic SIADH is more
prominent than water retention (23).

Some scholars believe that SIADH may result from the
ectopic production of arginine vasopressin (AVP) by tumor
cells, or the enhancement of AVP effects by anticancer
drugs or palliative drugs (24). However, it has been found
that a third of lung cancer patients with hyponatremia have
no evidence of ectopic production of AVP (25), but instead
display an increase in cardionatrin (26).

Disease progression like brain metastasis

Similarly, brain metastases may lead to excessive sodium
loss due to salt wasting syndrome, yet this is usually difficult
to distinguish from SIADH (27,28). However, distinction
is necessary, as choosing the wrong treatment method will
lead to deterioration of hyponatremia.

Clinical symptoms

Generally, hyponatremia cannot be detected in the early
stage in many patients, and appears merely as a cluster of
non-specific symptoms (29). Acute sodium imbalance (125-
130 mEq/L) leads to nausea and discomfort due to the rapid
decrease of blood sodium, and leads to vomiting, headache,
drowsiness, and other neurological symptoms (30). If the
serum sodium level drops to 115-120 mEq/L, coma and
respiratory arrest may occur, endangering the patient’s life.
Although the symptoms caused by acute hyponatremia
are usually reversible, they can also cause permanent
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Table 1 Relationship between hyponatremia and prognosis

Author & year Patients Number PFS P value (O] P value
Hermes, 2012 (36) All SCLC patients 393 9.0/13.0 0.001
LD SCLC 153 9.0/17.0 0.050

ED SCLC 240 9.0/10.0 0.135

Tiseo, 2014 (37) Hyponatremia/normal 564 0.085 4.92/6.70 <0.0001
Wang, 2016 (38) SIADH/normal 385 6.7/9.2 0.007 11.6/19.2 0.000
Sun, 2017 (25) Hyponatremia/normal 194 7.3/8.7 0.010 12.0/14.7 0.049
Normal/hyponatremia after treatment 6.3/8.4 0.049 11.4/13.2 0.062

Yang, 2017 (39) Hyponatremia/normal 320 9.96/13.2 <0.050
Normal/hyponatremia after treatment 10.92/8.16 <0.050

Hong, 2018 (40) Hyponatremia/normal 999 6.4/7.2 0.731 10.0/11.7 0.039
With/without treatment 6.8/5.2 0.009

SCLC, small cell lung cancer; LD, limited disease; ED, extensive disease; OS, overall survival; PFS, progression free survival.

neurological damage.

Due to the unique adaptive mechanism of the brain,
patients with chronic hyponatremia remain asymptomatic,
even when the serum sodium concentration is <120 mmol/L.
However, if patients have mild to moderate hyponatremia
for an extended time, falls and gait problems (31), and also
fractures may happen, especially in patients > 65 years old (32).

Hyponatremia can be a prognostic factor in
SCLC

As a highly malignant tumor, the standard treatment for
SCLC is chemotherapy combined with radiotherapy, yet
results are often unsatisfactory, leaving patients with a poor
quality of life, and serious side effects from the chemotherapy
regimens (33,34). Hyponatremia could be a prognostic factor
in patients with SCLC, similar to NSCLC (35), as it shows
a serious impact on disease progression and quality of life
in patients with SCLC. Several studies explored statistical
significance of hyponatremia in small cell lung cancer, listed
in Tuble 1.

Sengupta et al. performed a cross-sectional study
including 116 patients with lung cancer (2), among whom
hyponatremia could be seen in 44.8%. There was a
negative correlation between the ECOG score and serum
sodium status measured at admission. The results of 105
cancer patients indicated a statistical relationship between
increased hospitalization time and hyponatremia (41).
Hospital mortality and cost were especially increased among
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patients with severe hyponatremia.

The results of Cox multivariate analysis have shown
hyponatremia to be associated with worse prognosis
[P=0.0024, hazard ratio (HR) =1.44, 95% confidence
interval (CI): 1.13-1.82) and lower median survival
(P<0.0001, HR =1.67, 95% CI: 1.32-2.10) (37). This
retrospective study demonstrated that hyponatremia was an
independent prognostic factor for topotecan treatment, but
prospective studies are needed to confirm this result (37).

A study (42) by Abu Zeinah et a4l. also concluded that
mortality in patients with moderate to severe hyponatremia
was 4.28 times higher than that in normal people (P<0.05),
which supported that hyponatremia can be used as a risk
factor for hospital death. At the same time, in a retrospective
study, normalization of sodium concentration was shown
to help prolong the total survival time and progression-
free survival (PFS). Hansen’s study (43) suggested that there
was a statistical difference in the effect of normalization
of sodium hemorrhage on the outcome of SCLC patients.
These studies have shown that hyponatremia may be an
independent predictor of prognosis in SCLC patients, not
just for NSCLC (44).

Another retrospective study analyzed 999 SCLC
patients, of whom 226 patients with hyponatremia had
shorter overall survival (OS) than those with normal
sodium levels (11.7 vs. 10.0, P=0.039), and 119 patients with
untreated hyponatremia also showed shorter OS (6.8 vs. 5.2,
P=0.009) (40). However, hyponatremia did not show
significance in assessing the factors influencing PFS (7.2
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vs. 6.4, P=0.731). In yet another retrospective study of 395
patients with SCLC, hyponatremia was also associated
with significantly shorter median survival (9.0 vs. 13.0,
P<0.001) (36).

The work of Castillo er al. showed the death rate of
SCLC patients to be the highest (86%), and the data does
show a correlation between hyponatremia and PFS, but
no significant difference was found, which may be caused
by the high degree of malignancy and rapid progression
of SCLC itself. Even if hyponatremia had a trend instead
of no significant effect on PFS in this study, it could still
statistically be an independent predictor for OS in SCLC
patients to evaluate patient outcomes, which require early
detection and clinical correction (45).

Correcting hyponatremia can ameliorate prognosis to an
extent (39). Studies have found that the mean survival time
of patients with corrected hyponatremia in the hyponatremia
group was significantly longer than the patients with
uncorrected hyponatremia (7=2.75, P<0.05) (46).

Treatment

Early detection and correction are of great significance to
improve quality of life and reduce the risk of death (47).
When making a treatment plan, clinicians should
consider blood volume, electrolyte level, complications of
neurological symptoms (48), and social and psychological
factors, including the wishes of patients. Also, Na*
concentration should be continuously monitored during
subsequent treatment.

Fluid restriction and salt supplementation

For SCLC patients with mild to moderate symptoms,
fluid restriction is feasible, with a target of <800 mL per
day. Unfortunately, response to this approach is slow, and
its ability to increase serum sodium is weak. For severe
hyponatremia, hypertonic saline is the first choice; when the
blood volume is normal, isotonic saline may reduce the serum
sodium level and aggravate hyponatremia. However, even
if it leads to a rapid increase in the level of serum sodium,
it can only be used as an initial treatment, as it is difficult to
maintain serum sodium content for an extended period.

If hyponatremia persists, sodium chloride may be given
orally in the form of salt tablets or intravenously in the form
of saline. Diuretics, such as furosemide, can also be added to
salt tablets 20 mg twice a day to dilute urine concentration
and increase water excretion.
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Studies have explored the differences between treatment
options, like fluid restriction with or without furosemide and
NaCl. However, in patients with STADH, there has been no
statistical difference in changes of sodium levels (49).

Case reports have indicated some SCLC patients had
good tolerance and response to therapy of limited infusion
combined with salt intake, when undergoing chemotherapy
with cisplatin and etoposide (50).

At the same time, patients with increased cardionatrin
levels had no response to fluid restriction; therefore, if the
sodium intake cannot be increased concurrently, liquid
restriction may exacerbate hyponatremia in those patients (51).

First aid for nervous symptoms

The diagnosis of hyponatremia requires laboratory tests,
but in severe and symptomatic cases, first aid is often
required before laboratory results are available to identify
the cause (52,53).

Notably, the presence of neurological symptoms at
admission determine if undergoing emergency treatment
with hypertonic saline is required (54). If symptoms such
as seizures and delirium occur, hypertonic saline infusion
should be performed immediately. Large doses of 3%
hypertonic saline need to be administered within the
first 3—4 hours, and sodium levels should be monitored
within 2-3 hours to adjust the dose. A rise of 3-4 mEq/L
in the first few hours of treatment is acceptable. If the
patient’s mental status does not improve, another 100 mL
of hypertonic saline can be injected until symptoms are
relieved.

Vasopressin V2 receptor antagonists like
tolvaptan

In chemotherapy treatment of SCLC patients, the method
of fluid restriction has limitations and often requires
the use of drug therapy. As undergoing chemotherapy
requires a massive infusion, the blood sodium level of
many patients cannot be controlled with basic water and
dietary restrictions. Vasopressin V2 receptor antagonists
like conivaptan, tolvaptan, and mozavaptan have been
introduced into clinical practice, and among them, tolvaptan
has been widely used for this purpose.

For a 45-year-old patient, hyponatremia became
especially difficult to control with standard therapy after
several cycles of chemotherapy, but was finally successfully
controlled by oral administration of tolvaptan. The
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administration of tolvaptan was stopped after tumor
metastasis occurred, this led to the recrudescence of
hyponatremia, and the patient died about 1 year after
diagnosis (55). An 88-year-old patient underwent a similar
course of treatment, refractory hyponatremia was controlled
by tolvaptan, and finally relapsed after discontinuation.

For SCLC patients with a diagnosis of SIADH,
vasopressin receptor antagonists like tolvaptan have shown
clinical benefit (56). However, tolvaptan is hepatotoxic and
should not be given to patients with liver disease (57).

A prospective study including 10 SCLC patients
with severe SIADH concluded that patients can benefit
from tolvaptan, which also eliminates risk of long-term
hospitalization, and improves quality of life (21). As
tolvaptan can be used in outpatients, it can eliminate anxiety
related to dietary restrictions and improve enthusiasm
towards treatment.

A meta-analysis of 520 patients showed that tolvaptan
could reduce adverse events compared with other
antagonists, but could not significantly reduce mortality (58).
Berardi et al’s study included 90 cancer patients, 37 (41%)
were treated with tolvaptan and labeled group A, while the
remaining patients are treated with hypertonic and saline
solutions, diuretics, and fluid restriction, and were labeled
group B. Except a few cases of thirst (16%), no significant
toxicity caused by tolvaptan was observed among the
participants (22). Other uncommon side effects of tolvaptan
include hypoglycemia, hyperuricemia, syncope, dizziness,
headache, general discomfort, and diarrhea.

Low-dose tolvaptan has been found to be more
effective than a high-salt diet and fluid restriction in
controlling hyponatremia, with fewer complications such
as hypernatremia and liver dysfunction. Patients who did
not receive tolvaptan had significantly longer hospital stays,
and many did not reach sodium-adjusted values during
hospitalization (22).

Other therapies used in clinic

Intravenous tolvaptan is very effective in correcting
hyponatremia and mental status in hospitalized patients.
Other drugs, including urea, demeclocycline, and
fludrocortisone are also used clinically (59).

However, the taste of urea is unacceptable to many
patients, and it does not correct serum sodium levels
quickly, so its use is very limited (60). Demeclocycline, a
tetracycline analogue, can eliminate the effects of ADH at
the renal tubular level, but its effectiveness may be delayed,
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taking up to 1-2 weeks.

Similarly, demeclocycline causes reversible azotemia and
nephrotoxicity, especially in patients with renal insufficiency,
whereas demeclocycline is at risk of inducing renal diabetes
insipidus. Lithium is also effective, but is nephrotoxic for
SIADH patients. Therefore, mentioned therapies above are
recommended only when others have failed.

Fludrocortisone has shown the function of correcting
hyponatremia under monitoring of side effects like
hypokalemia, body fluid overload, and hypertension.
A report has shown that after using hypertonic saline
to improve acute nervous system symptoms, 0.1 mg of
fludrocortisone twice a day can control hyponatremia
successfully in SCLC patients with severe hyponatremia (61).

Monitoring blood sodium to prevent
complications

Correcting serum sodium too quickly in chronic
hyponatremia may lead to the occurrence of osmotic
demyelination syndrome. Due to the existence of an
adaptive mechanism which protects the brain from swelling,
the serum sodium level should be raised in a controllable
way; the correction rate should be maintained at <12 mEq/L
within 24 hours, and <18 mEq/L within 48 hours.
Meanwhile, some studies have advocated a correction
rate of no more than 8 mEq/L per 24 hours, or no more
than 0.5-1 mEq/L per hour to protect the brain from
permeability demyelination (62).

In general, if serum sodium concentration is consistently
below 136 mEq/L and the increase within first 24 hours
is <5 mEqg/L, the dose of tolvaptan should be increased. If
serum sodium rises >145 mEq/L or increases faster than
12 mEq/L within 24 hours of treatment or >8 mEq/L within
the first 8 hours of treatment, the dose should be reduced (63).

Studies have suggested that sodium should be monitored
regularly upon commencement of tolvaptan to avoid
overcorrection of sodium (64). Usually, it is recommended
that serum sodium is measured every 4-6 hours, and this
frequency should be increased in patients who are at risk of
osmotic demyelination. Once primary cancer progressed,
SCLC patients need continuously monitor after adjusting
new therapy in case hyponatremia occurs again.

Discussion

SCLC accounts for 15% of all lung cancer cases (65).
A retrospective cohort analysis sampled 1,758 patients
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from 2 large, integrated delivery networks (IDN) (45);
after excluding 456 hypovolemic hyponatremia (3%)
patients, this study included patients with SCLC,
NSCLC, lymphoma, and so on. It was found that 75.8%
of NSCLC patients and 76.3% of SCLC patients showed
hyponatremia, which was much higher than the 20-50%
reported previously. Moderate or severe hyponatremia
was found in 46% of SCLC patients, and 24.7% of elderly
hospitalized patients suffered hyponatremia (66). The
occurrence of hyponatremia is particularly prominent and
seriously affects the quality of life (65).

Clinically, patients with SCLC are often asymptomatic in
the early stage, and hyponatremia is often overlooked (67).
Patients are usually admitted to hospital for hyponatremia
detected by electrolyte examination, and SCLC is eventually
diagnosed after relevant examinations are completed.
Therefore, it is of great significance to find a suitable clinical
index to identify whether it is a malignant inducement.

Many researchers are currently exploring whether
markers such as D-dimer are related to malignant
hyponatremia (68). Glycoprotein CD56, also known as
NCAM1, is a member of the neural cell adhesion molecule
family, and abnormal expression of CD56 can be seen in
solid tumors, especially SCLC. Studies have speculated that
CD56 could be used as a diagnostic biomarker to identify
whether the tumor is of a neuroendocrine source (69).

Liquid biopsy is considered a promising technique
for early diagnosis of SCLC, and encompasses markers
like neuron-specific enolase (NSE) (70,71). Studies
have suggested that copeptin may be a diagnostic tool
for differentiating malignant from non-malignant
hyponatremia. In a prospective study, 146 patients with
SIAD were included, 39 of whom were diagnosed with
cancer-related hyponatremia (72). Although the final result
failed to prove that copeptin can be a marker of malignant
disease (P>0.05), the proportion of tumor etiology in
patients with hyponatremia was still considerable. The
risk of tumors, especially SCLC, should be considered in
refractory hyponatremia after excluding other factors (73).

Because of the short PFS, high recurrence rate, and rapid
progress of SCLC, many studies are devoted to exploring
the subsequent drug selection for patients who failed first-
line treatment. The UK Coordination Committee assessed
4,000 patients and concluded that hyponatremia was a
significant prognostic factor for SCLC, and that it needs to
be incorporated in the design of SCLC clinical trials and
used as an evaluation index when assessing the efficacy of
new drugs.
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In on-going trials, hyponatremia has already been used
as a prognostic marker of erlotinib in the treatment of
NSCLC (74), and phase I and phase II clinical studies of
irinotecan in lung cancer (75,76). Antiangiogenic therapy,
targeted therapy, and immunotherapy as new therapies are
more commonly used in the treatment of SCLC, and many
regimens have shown their merits in reducing side effects
such as hyponatremia (77-79).

Unfortunately, regardless of the treatment regimen used,
occurrence of hyponatremia is sometimes unavoidable in
SCLC due to the neurological characteristics of the disease.
For patients who have already developed hyponatremia, it is
necessary to formulate an individual diagnosis and treatment
plan according to the serum sodium concentration and
clinical symptoms. Standard hyponatremia treatment can
be formulated according to the status of blood volume,
including fluid restriction, normal saline, or 3% hypertonic
saline infusion. When these therapies fail to improve the
clinical condition and patients need to start chemotherapy
immediately, tolvaptan 15 mg/d can be used as the initial
dose, with other hyponatremia treatments stopped 12 hours
earlier. During tolvaptan treatment, no fluid restriction is
required to ensure the patient chemotherapy needs.

Because fluid restriction worsens nutritional status,
tolvaptan is also preferred in malnourished patients. The
use of ADH receptor antagonists can improve hyponatremia
symptoms even in patients with advanced SCLC who are
unable to receive chemotherapy and must receive palliative
treatment instead (76).
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