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Introduction

Small cell lung cancer (SCLC) occurs in 15–20% of lung 
cancer. More than 60–70% of SCLC patients were with 
metastasis at diagnosis (1). New therapeutic method has 
not emerged currently and with median survival time under  
1 year in extensive disease and no more than 2 years in 
limited disease SCLC (2).

Hyponatremia  wi th  SCLC pat ient s  occurs  in 
approximately 15% (3). Hyponatremia is usually caused 
by the syndrome of inappropriate antidiuretic hormone 
(SIADH) or increased release of atrial natriuretic peptide 
which is one of the most frequent abnormalities of clinical 

laboratory tests. Other possible causes of hyponatremia at 
least in elderly patients with SCLC are chronic heart failure, 
nephritic syndrome and volume depletion (4). Symptoms 
of hyponatremia include nausea, fatigue, disorientation, 
muscle cramps and so on. Severe hyponatremia could lead 
to seizure, even to death (5).

At present, the prognostic significance of hyponatremia 
has been reported in several studies with a controversial 
conclusion. Several analyses illustrated results with some 
evidence for low sodium levels being a negative prognostic 
factor (6-11). While, other studies could not demonstrate 
the similar results (12,13).The inconclusive results may 
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contribute to the small sample in previous studies.
This study focused on patients with hyponatremia and 

evaluated its prognostic value in SCLC.

Methods

Study population

We retrospectively evaluated patients with diagnosed SCLC 
from July 2006 to September 2013 in Zhejiang cancer 
hospital. SCLC was confirmed by pathologic histology in 
all cases.

We collected data on gender, age, disease stage, initial 
diagnostic date, performance status, serum sodium values, 
serum level of lactate dehydrogenase and hemoglobin, 
metastatic sites, chemotherapy regimens. And blood 
routine, biochemical and electrolyte were examined at 
regular intervals.

Hyponatremia was defined as serum sodium values 
below 135 mmol/L, and every patient was examined twice 
in the same laboratory instrument. Severe hyponatremia 
was present if sodium value was measured equal or below  
129 mmol/L.

Statistical analysis

OS was defined as the time between the first day of therapy 
and death, whatever the cause. Observation time of patients 
alive without disease progression at the last follow-up visit 
was censored. The method of Kaplan and Meier was used to 
calculate survival curves. To assess the statistical significance 
of differences between the crude survival curves, we 
performed log-rank tests. Multivariate testing was done by 
Cox regression analyses. Analyses were conducted using the 
computer software SPSS version 19.0. The P value of less 
than 0.05 was regarded as statistically significant.

Results

Patient profile

In 631 SCLC patients, 241 patients (38.2%) had limited 
disease (LD) at time of diagnosis. And extensive disease 
(ED) SCLC was present in 390 (61.8%). The pre-treatment 
serum sodium values were available in all patients. Median 
sodium value was 136 mmol/L (range, 111–145 mmol/L).  
103 patients (16.3%) were found serum sodium values 
below 135 mmol/L at pre-treatment or during treatment. 
Hyponatremia was present in 60 out of 390 patients with 

ED SCLC and 43 out of 241 patients with LD SCLC. 
We then divided the cases with low sodium levels in two 
groups (Na 130–134 mmol/L and Na ≤129 mmol/L). Mild 
hyponatremia (130–134 mmol/L) was detected in 52 out 
of 103 patients. Severe hyponatremia (sodium value at or 
below 129 mmol/L) was documented in the remaining 51 
patients.

In prior treatment, there were 66 (66/103, 64.1%) 
hyponatremia patients. During treatment (at least after 
one cycle of chemotherapy), 37 patients happened 
hyponatremia. In the group of 66 patients, after at least 
two cycles of chemotherapy and additionally given 
sodium supplementation, 42 cases returned to normal; 
but the values remained subnormal sodium values were 
24 patients. In the group of 37 patients who received 
sodium supplementation (for the lack of sodium, they 
were received sodium supplementation according to 
formula, and for dilutional hyponatremia, it included fluid 
restriction, diuresis and supplement hypertonic sodium), 
10 patients returned to normal and 27 patients remained 
hyponatremia.

The basic characteristics of the all patients and 
hyponatremia patients are shown in Tables 1,2, respectively.

First-line therapy was performed with platinum-based 
regimens in all patients. In LD SCLC patients, thoracic 
radiotherapy (TRT) was employed in 79% and prophylactic 
cranial irradiation (PCI) was in 34% LD SCLC patients. In 
ED patients, 18% (69/390) patients with brain metastasis, 
88% (61/69) received whole brain radiotherapy among 
them. And PCI was employed in 19% (63/321) remained 
ED patients.

Survival analysis

Median survival in the normal group of patients was 
significantly longer than patients with subnormal group 
(Table 3, Figure 1) (14.5 vs. 11.4 months, P<0.001). In subset 
analysis of patients with LD or ED SCLC, there was a 
shorter median survival in patients with subnormal sodium 
values than patients with normal group (Table 3).

In subnormal sodium group, the median survival in LD 
and ED were 15.30 and 9.03 months respectively (P=0.001) 
(Figure 2). The OS of 66 patients who appeared pre-
treatment hyponatremia was shorter than the remaining 37 
patients happened during treatment (median survival was 
9.33 vs. 13.40, P=0.017).

In addition, we performed analyses with regard to the 
degree of plasma sodium values. There were significant 
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differences in OS between mild hyponatremia and severe 
hyponatremia (13.63 vs. 8.63, P<0.001) (Figure 3). Among 66 
patients who appeared hyponatremia before treatment, the 
OS of severe hyponatremia had poorer survivals than mild 
hyponatremia (9.03 vs. 12.97 months, P=0.019) (Figure 4).  
The group of 37 patients that hyponatremia was present 
during treatment had the similar result (4.40 vs. 13.64 months, 
P<0.001) (Figure 5). On the other hand, patients who still 
remained hyponatremia with adequate treatment were prone 
to have shorter median survival than the group of patients with 
complete response (8.70 vs. 14.55 months, P=0.003) (Figure 6).

In a Cox multivariate analysis of the 631 patients, 
hyponatremia was associated with poorer prognosis (P<0.001, 

95% CI, 1.34–2.47, HR=1.82) (Table 4). Univariate analyses 
were performed by Kaplan-Meier method to assess the 
predictive capability of each variable assessed in the group 
of hyponatremia with OS. These data are summarized in 
Table 2. Gender, PS, stage, liver metastasis, the degree of 
hyponatremia and the time of hyponatremia were predictive 
of overall survival (OS). In multivariate Cox regression 
analyses, the degree of hyponatremia was an independent 
predictor of mortality (P=0.007, HR=2.356). Other 
independent prognostic factors included gender, PS, liver 
metastasis (Table 5).

Conclusions

We demonstrated that hyponatremia was apparent in 16.3% 
of SCLC, and that hyponatremia was significantly associated 
with poorer prognosis. To the best of our knowledge, 
this study with largest number to detect the frequency of 
hyponatremia and its prognosis value in SCLC.

Hyponatremia in SCLC patients is usually caused by 
the SIADH (14). In SIADH there is an increased release 
of ADH which causes excessive water reabsorption in the 
collecting ducts and a resulting dilutional hyponatremia. 
There are 4 mechanisms for excessive ADH release: 
ectopic ADH secretion (release by tumor tissue); increased 
hypothalamic production of ADH-like substances in 
neurological disorders (brain tumor); administration of 
drugs (cytotoxic agents); and finally administration of 
exogenous ADH or oxytocin. Other factors may cause 
hypovolemic hyponatremia, including diarrhea or vomiting 
caused by chemotherapy, radiotherapy and so on (15).

Several retrospective studies have shown the presence of 
hyponatremia to be a negative prognostic factor. Hansen 
et al. reported the occurrence rate of hyponatremia in 453 
patients with SCLC. It is the first to show that the patients 
who did not fully normalize the blood sodium value had a 
worse prognosis than the patient with hyponatremia (8). 
Hermes et al. conducted a retrospective single institution 
analysis with 395 cases (9). It reported hyponatremia was 
present in 18.9% of all patients. Then the occurrence of 
hyponatremia was 16.3% in our study of 631 patients. They 
illustrated that hyponatremia was associated with statistical 
significant shorter median survival than normal group  
(9.0 vs. 13.0 months, P<0.001) (9). Following our statistical 
analyses, analysis of the whole population between two 
groups showed 11.4 vs. 14.5 months of median survival 
(P<0.001). Our study was consistent with the results of his 
research.

Table 1 Patient characteristics of 631 cases

Variable N (%)

Gender

Female 156 (24.7)

Male 475 (75.3)

Age

≤65 540 (85.6)

>65 91 (14.4)

Stage

Limited disease 241 (38.2)

Extensive disease 390 (61.8)

Performance status

0 to 1 496 (78.6)

2 135 (21.4)

P-sodium

≥135 mmol/L 528 (83.7)

130–134 mmol/L 52 (8.2)

<130 mmol/L 51 (8.1)

S-LDH

Normal 505 (80.0)

>225 U/L 126 (20.0)

Hemoglobin

Normal 522 (82.7)

<11 g/dL 109 (17.3)

Chemotherapy in first-line

Etoposide + platinum 514 (81.5)

Other 117 (18.5)

Liver metastatic

Yes 85 (13.5)

No 546 (86.5)

LDH, lactate dehydrogenase.
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Table 2 Patient characteristics and univariate analyses in subnormal sodium with OS

Variable Number (%) OS (month) 95% CI P value

Gender 0.011

Male 81 (78.6) 13.17 11.08–15.25

Female 22 (21.4) 8.30 6.96–9.63

Age 0.455

≤65 86 (83.5) 12.00 9.36–14.63

>65 17 (16.5) 9.97 7.49–12.44

Smoking history 0.987

Yes 73 (70.9) 11.4 8.60–14.19

No 30 (29.1) 11.3 6.14–16.45

Stage 0.001

Limited disease 43 (41.7) 15.30 11.06–19.54

Extensive disease 60 (58.3) 9.03 5.99–12.06

PS 0.001

0 to 1 81 (78.6) 13.17 11.79–14.54

2 22 (21.4) 7.77 6.08–9.45

LDH 0.285

Normal 83 (80.6) 12.97 11.09–14.84

>225 U/L 20 (19.4) 8.60 7.15–10.04

Liver metastasis 0.012

Yes 32 (31.1) 7.97 7.09–8.84

No 71 (68.9) 13.17 11.88–14.45

Hb 0.693

Normal 85 (82.5) 11.40 8.38–14.41

<11 g/dL 18 (17.5) 11.27 4.13–18.40

Creatinine 0.123

<59 μmol/L 57 (55.3) 9.93 7.21–12.64

≥59 μmol/L 45 (43.7) 13.17 11.64–14.69

Albumin 0.221

<35 g/L 8 (7.8) 7.53 2.91–12.14

≥35 g/L 95 (92.2) 12.00 9.48–14.51

Chemotherapy in first-line 0.072

Etoposide + platinum 90 (87.4) 11.30 9.01–13.58

Others 13 (12.6) 13.17 3.65–22.68

The time of happening hyponatremia 0.017

Prior treatment 66 (64.1) 9.33 6.84–11.81

During treatment 37 (35.9) 13.40 11.77–15.02

Complete response or still preserved 0.003

Complete response 52 (50.5) 14.50 12.51–16.48

Still preserved 51 (49.5) 8.77 7.40–10.13

The degree of hyponatremia <0.001

Mild hyponatremia 52 (50.5) 13.63 11.00–16.25

Severe hyponatremia 51 (49.5) 8.63 7.58–9.68

LDH, lactate dehydrogenase; Hb, hemoglobin; OS, overall survival.
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Table 3 Log-rank test for overall survival in all patients with SCLC and subset analyses (LD, ED) with sodium values ≥135 vs. <135 mmol/L

Sodium value ≥135 mmol/L median survival (month) <135 mmol/L median survival (month) P value

SCLC, n=631 14.5 11.4 <0.001

SCLC LD, n=241 16.6 15.3 0.001

SCLC ED, n=390 14.0 9.0 <0.001

SCLC, small cell lung cancer; LD, limited disease; ED, extensive disease.

Figure 1 Kaplan-Meier survival curve illustrating median survival 
in patients with normal (≥135 mmol/L) versus subnormal serum 
sodium values (14.5 vs. 11.4 months, P<0.001).

Figure 2 Kaplan-Meier survival curve illustrating median survival 
in LD patients versus ED patients of hyponatremia group (15.3 vs. 
9.03 months, P=0.001).

Figure 3 Overall survival in patients with mild hyponatremia 
versus severe group (13.63 vs. 8.63 months, P<0.001).

Figure 4 Overall survival in 66 patients who appeared pre-
treatment hyponatremia between patients with mild hyponatremia 
and severe hyponatremia (12.97 vs. 9.03 months, P=0.019).
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And in a multivariate Cox regression analysis, the results 
illustrated that hyponatremia was a significant predictor 
for survival. Besides sodium levels, LDH, performance, 

live metastasis and gender were the other variables which 
also were statistically proven to be significant as predictive 
factors. According to other literatures (9), gender may be 
independent prognostic factor and female had a longer 
survival than man. However, it remains controversial. In our 
study, female had a shorter survival. It was a retrospective 
study and the number of female patients was less than 
male patients. On the other hand, we analyzed that female 
patients experience more chemotherapy treatment related 
toxicity and different physical and biological factors could 
be the reason for the difference between the survivals.

In subnormal analysis of sodium group, the 66 patients 
who appeared hyponatremia before treatment received 

Table 4 Cox multivariate analyses for OS in all patients

Variable P value HR 95% CI

Age 0.131 1.354 0.914–2.008

Gender 0.009 1.607 1.125–2.296

Stage 0.130 1.272 0.931–2.296

PS 0.009 1.656 1.133–2.421

Hyponatremia 0.001 1.700 1.257–2.299

LDH 0.001 1.899 1.299–2.777

Hb 0.329 1.211 0.825–1.799

Liver metastase 0.006 1.914 1.210–3.029

LDH, lactate dehydrogenase; Hb, hemoglobin; OS, overall 

survival; HR, hazard ratio; CI, confidence interval; PS, 

performance status.

Table 5 Cox multivariate analyses in subnormal sodium for OS

Variable P value HR 95% CI

Gender 0.012 1.949 1.159–3.279

Stage 0.345 1.256 0.783–2.017

PS 0.007 2.236 1.251–3.996

LDH 0.390 1.284 0.726–2.271

Liver metastasis 0.012 1.826 1.141-2.923

prior treatment or during 

treatment

0.960 0.984 0.512–1.889

complete response or still 

preserved

0.052 1.545 0.985–2.424

The degree of hyponatremia 0.007 2.356 1.266–4.384

LDH, lactate dehydrogenase; Hb, hemoglobin; OS, overall 

survival; HR, hazard ratio; CI, confidence interval; PS, 

performance status.

Figure 5 Overall survival in 33 patients who appeared hyponatremia 
during treatment between patients with mild hyponatremia and 
severe hyponatremia (13.64 vs. 4.40 months, P<0.001).

Figure 6 Overall survival based on if the values of serum sodium 
were corrected in 103 hyponatremia patients (14.55 vs. 8.70 months, 
P=0.003).
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sodium supplementation and chemotherapy, 42 cases 
returned to normal but the values remained subnormal 
in 24 patients. In the group of 37 patients who appeared 
hyponatremia during treatment, after receiving sodium 
supplementation during treatment, 10 patients returned to 
normal but 27 patients were still hyponatremia. Thereby, 
normal sodium values could be restored in 49.5% (52/103) in 
all patients. On the other hand, patients who still remained 
low sodium values despite adequate treatment were prone to 
have shorter median survival than the group of patients with 
complete response (8.70 vs. 14.55 months, P=0.003). These 
findings are in line with other reports on hyponatremia 
in SCLC. As Hermes et al. reported, patients with falling 
sodium values despite adequate treatment were prone to 
rapid disease progression with median survival below three 
months (9). Ma et al. also illustrated that the group of 
patients who was still had low sodium levels in the blood after 
treatment had worse survival (6.2 vs. 10.3 months) (16).

To our knowledge, our study was the first to report severe 
hyponatremia had poorer survivals. The group with severe 
hyponatremia (≤129 mmol/L) showed a more pronounced 
effect on survival. These patients who had a median survival 
of only 8.63 months compared to 13.63 months, with the 
slightly subnormal sodium serum level. The median survival 
of pre-treatment 66 patients was shorter than the 37 
patients during treatment (9.33 vs. 13.40 months, P=0.017). 
The hyponatremia of patients who appeared pre-treatment 
hyponatremia was due to the SCLC itself. Whereas, the 
hyponatremia happened during treatment was mainly 
caused by chemotherapy or radiotherapy or other factors.

By further analysis in the group of 66 patients with pre-
treatment hyponatremia, the median survival of severe 
hyponatremia was worse (9.03 vs. 12.97 months, P=0.019). 
Likewise, the group of 37 patients that hyponatremia 
was present during treatment had similar results (4.40 vs. 
13.64 months, P<0.0001). After adjustment for known 
confounders, the degree of hyponatremia (P=0.007) 
was a significant predictor for survival in the group of 
hyponatremia. So, our study implicated that the degree of 
hyponatremia might be very important in the prognosis for 
SCLC.

Limitations

As a retrospective analysis, our report had some limitations. 
The information on treatments for patients with hyponatremia 
was not very comprehensive. Hence, every patient should have 
a serum sodium test at every stage of the treatment process. 

Monitoring the sodium level is required not only before 
treatment, but also during the oncological treatment.

Conclusions

We demonstrated that hyponatremia was significantly 
associated with poorer prognosis in SCLC regardless of 
extensive or limited stage. The value of hyponatremia in 
SCLC is as a candidate prognosis factor in clinical practice.
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