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Abstract

Background Hyponatremia is the most common electrolyte disorder in lung cancer, and it particularly occurs in small cell
lung cancer (SCLC) patients. The prognostic significance of hyponatremia has been reported in several studies with con-
troversial results.

Aims We aimed in this study to investigate hyponatremia and evaluate its prognostic value in SCLC patients.

Methods The data of 373 SCLC patients were analyzed retrospectively. Serum sodium concentrations were measured from
blood samples taken from all patients before treatment. Hyponatremia was defined as a serum sodium concentration below
135 mmol/L and then assigned into two groups: mild (130 to 134 mmol/L) and severe (below < 129 mmol/L) hyponatremia.
Results Hyponatremia was detected in 85 (22.8%) patients (mild hyponatremia in 51 (13.7%) and severe hyponatremia in
34 (9.1%) patients). Furthermore, 26% (63 of 242) of ED-SCLC patients and 16.8% (22 of 131) of LD-SCLC patients had
hyponatremia. While no clinical parameter was statistically associated with serum sodium concentrations in LD-SCLC
patients, hyponatremic ED-SCLC patients were more frequently associated with weight loss (p =0.04) and liver metastasis
(p=0.04). In LD-SCLC, the overall survival (OS) rates of patients with hyponatremia were similar to those with normo-
natremia (p =0.6). Likewise, hyponatremic and normonatremic ED-SCLC patients had similar life expectancies (p =0.1).
Moreover, the severity of hyponatremia did not affect OS in either LD-SCLC (p=0.3) or ED-SCLC (p=0.1).

Conclusion Serum sodium concentration did not have an impact on survival in SCLC patients; thus, we concluded that
neither the presence nor the severity of hyponatremia affected the outcome of these patients.
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Introduction So far, the prognostic significance of low sodium levels

has been inconclusive in several studies with a small number

Hyponatremia is the most common electrolyte disorder in lung
cancer, particularly small cell lung cancer (SCLC) [1, 2]. Hypona-
tremia occurs in nearly 15% of SCLC patients [3]. It is not fre-
quently life-threatening but will often cause a decrease in patient
performance and quality of life, resulting in prolonged hospitaliza-
tion and delay in planned chemotherapy applications [1].
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of patients: some of them advocated that hyponatremia was a
negative prognostic factor [3—8], and yet, others disagreed [9,
10]. In two systemic reviews, analyzing the independent prog-
nostic role of hyponatremia in lung cancer including SCLC, the
authors identified hyponatremia as an independent risk factor in
poor survival in only half of the studies [11, 12]. Because of con-
troversial results, we aimed in this study to investigate hypona-
tremia and evaluate its prognostic value in SCLC patients.

Material and methods
Patients

The data of 373 patients with pathologically con-
firmed SCLC were enrolled in the study and analyzed
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retrospectively. They were treated and followed up at the
Institute of Oncology and the medical oncology outpatient
clinic of Chest Diseases and Thoracic Surgery Training
and Research Hospital between 2013 and 2021.

The VA Lung Study Group’s two-stage classification
scheme has been used to define the extent of disease in
patients with SCLC. Limited disease (LD-SCLC) is a dis-
ease confined to the ipsilateral hemithorax, which can be
safely encompassed within a radiation field, and extended
disease (ED-SCLC) is a disease beyond the ipsilateral
hemithorax, including malignant pleural or pericardial
effusion or hematogenous metastases. Patients were treated
with various therapeutic approaches including surgery,
radiotherapy, and various platinum-based chemotherapy
and followed up according to standard guidelines, such as
NCCN and ESMO Guidelines. The study was reviewed
and approved by our Regional Ethical Committee.

Serum sodium concentrations were measured from
blood samples taken from all patients before treat-
ment. Hyponatremia was defined as a serum sodium
concentration below 135 mmol/L and then assigned
into two groups: mild (130 to 134 mmol/L) and severe
(below <129 mmol/L) hyponatremia.

The medical records were retrieved from the cancer
registry for review of the clinical features and outcomes.

Statistical analyses

The chi-square tests were used to evaluate the impact
of clinical parameters on serum sodium levels. Kaplan—
Meier analysis was used for estimation of survival of
patients, and differences in survival were assessed by the
log-rank statistics. Univariate analyses were carried out
using Cox proportional hazards models. Overall survival
(OS) was determined from the date of pathologic diagno-
sis to death resulting from any cause. Statistical analysis
was carried out using SPSS 21.0 software (SPSS Inc.,
Chicago, Illinois, USA). A p value <0.05 was considered
significant.

Results
Patients

A total of 373 SCLC patients were enrolled in the study.
The median age of the patients was 63 years, ranging
from 40 to 90 years, and the group was male dominant
(n=312, 83.6%). The majority of the patients had ED-
SCLC (n=242, 64.9%). Other demographic and clinical
characteristics are shown in Table 1.
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The median (range) of serum sodium concentration was
138 mmol/L (111-149) in all SCLC patients. Hypona-
tremia was detected in 85 (22.8%) patients [median
(range), 132 mmol/L (111-134)], and 51 patients (13.7%)
had mild hyponatremia [median (range), 133 mmol/L
(130-134)]; on the other hand, 34 patients (9.1%) had
severe hyponatremia [median (range), 125.5 mmol/L
(111-129)].

Associations with clinical parameters

Hyponatremia was detected in 26% (63 of 242) of ED-SCLC
patients and in 16.8% (22 of 131) of LD-SCLC patients.
While no clinical parameter was statistically associated with
serum sodium concentrations in LD-SCLC patients, hypona-
tremic ED-SCLC patients were more frequently associated
with weight loss (p =0.04) and liver metastasis (p =0.04)
(Table 1). However, distributions of other prognostic clini-
cal factors — demographic (age and gender), patient-related
(body mass index, performance status, smoking habits),
pathologic (Ki-67), and clinical (tumor size, localization,
responses to chemotherapy, relapse) — between serum
sodium concentrations were found not significant (p > 0.05).

Survival

In LD-SCLC, the OS rates of patients with hyponatremia
were similar to those with normonatremia; 1-year OS rates
were 80.0% vs 71.2%, respectively (p =0.6) (Fig. 1). Like-
wise, hyponatremic and normonatremic ED-SCLC patients
had similar life expectancies (p =0.1; 1-year OS rates
were 15.7% vs 31.6%, respectively) (Fig. 2). Moreover,
the severity of hyponatremia did not affect OS in either
LD-SCLC (p=0.3) or ED-SCLC (p=0.1) (Figs. 3 and 4).

Univariate analysis

It was shown that neither the presence nor the severity of
hyponatremia in both LD-SCLC and ED-SCLC affected
OS. The effects of clinical variables on OS in patients at
both stages are shown in Table 2.

Discussion

Among different types of cancer, SCLC is the one most fre-
quently associated with hyponatremia: retrospective studies
showed an incidence of about 20—44% in this setting [1, 2].
In our study, we found that the rate of hyponatremia was
22.8% in all SCLC patients, of which 9.1% was severe, and
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Table 1 The distribution of the clinical parameters on serum sodium levels depends on clinical stages

LD-SCLC ED-SCLC
Parameter Hyponatremia Normonatremia P Hyponatremia Normonatremia p
n (%) n (%) n (%) n (%)

Age, years 0.5 0.5
<60 11 (50.0) 45 (41.3) 25 (39.7) 63 (35.2)
>60 11 (50.0) 64 (58.7) 38 (60.3) 116 (64.8)

Sex 0.4 0.3
Female 3(13.6) 23 (21.1) 7(11.1) 28 (15.6)
Male 19 (86.4) 86 (78.9) 56 (88.9) 151 (84.4)

Body mass index 0.7 0.4
<249 8 (36.4) 43 (39.4) 28 (44.4) 69 (38.8)
>25 14 (63.6) 66 (60.6) 35 (55.6) 109 (61.2)

Weight loss, % 0.9 0.04
<5 19 (86.4) 93 (85.3) 42 (66.7) 142 (79.3)
>5 3(13.6) 16 (14.7) 21(33.3) 37 (20.7)

Performance status, ECOG 0.9 0.5
0-1 19 (86.4) 95 (87.2) 34 (54.0) 105 (58.7)
2-4 3(13.6) 14 (12.8) 29 (46.0) 74 (41.3)

Smoking 0.4 0.8
Non-smoker 0(0.0) 3(2.8) 23.2) 5(2.8)
Smoker 22 (100.0) 106 (97.2) 61 (96.8) 174 (97.2)

Smoking use, packet/year 0.2 0.2
<50 11 (50.0) 66 (62.3) 39 (63.9) 96 (55.5)
>50 11 (50.0) 40 (37.7) 22 (36.1) 77 (44.5)

Comorbidity* 0.3 0.7
No 8 (36.4) 52 (47.7) 23 (36.5) 70 (39.1)
Yes 14 (63.6) 57 (52.3) 40 (63.5) 109 (60.9)

Ki-67, % 0.8 0.1
<80 5 (41.7) 25 (38.5) 12 (30.8) 48 (43.6)
>80 7 (58.3) 40 (61.5) 27 (69.2) 62 (56.4)

Tumor localization, lung 0.3 0.08
Left 7 (33.3) 49 (45.4) 16 (26.2) 68 (38.4)
Right 14 (66.7) 59 (54.6) 45 (73.8) 109 (61.6)

Tumor localization, lobe 0.4 0.1
Lower 4 (19.0) 26 (24.1) 16 (26.2) 26 (14.7)
Middle, hilar 7 (33.3) 22 (20.4) 18 (29.5) 52 (29.4)
Upper 10 (47.6) 60 (55.6) 27 (44.3) 99 (55.9)

Tumor size, cm 0.2 0.5
<5 9 (40.9) 59 (54.1) 26 (41.3) 67 (37.4)
>5 13 (59.1) 50 (45.9) 37 (58.7) 112 (62.6)

Brain metastasis - 0.9
No - - 48 (76.2) 135 (75.4)
Yes - - 15 (23.8) 44 (24.6)

Liver metastasis - 0.04
No - - 34 (54.0) 122 (68.2)
Yes - - 29 (46.0) 57 (31.8)

Bone metastasis - 0.4
No - - 25(39.7) 62 (34.6)
Yes - - 38 (60.3) 117 (65.4)

Lung/pleural metastasis - 0.6
No - - 46 (73.0) 136 (76.0)
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Table 1 (continued)

LD-SCLC ED-SCLC
Parameter Hyponatremia Normonatremia P Hyponatremia Normonatremia p
n (%) n (%) n (%) n (%)
Yes - - 17 (27.0) 43 (24.0)
Distant lymph node metastasis - 0.3
No - - 16 (25.4) 56 (31.3)
Yes - 47 (74.6) 123 (68.7)
Sedimentation rate 0.09 0.8
Normal 3(60.0) 12 (92.3) 5(35.7) 8(32.0)
Elevated 2 (40.0) 1(7.7) 9 (64.3) 17 (68.0)
Lactate dehydrogenase 0.8 0.4
Normal 21 (95.5) 104 (96.3) 39(61.9) 120 (67.8)
Elevated 1(4.5) 43.7) 24 (38.1) 57 (32.2)
Albumin 0.8 0.9
Low 3(13.6) 13 (12.0) 21(33.3) 61 (34.1)
Normal 19 (86.4) 95 (88.0) 42 (66.7) 118 (65.9)
Vena cava superior syndrome 0.1 0.09
No 19 (86.4) 103 (95.4) 56 (88.9) 169 (94.9)
Yes 3(13.6) 5(4.6) 7 (11.1) 9(5.1)
Response to chemotherapy 0.2 0.7
No 1(6.2) 16 (17.6) 15 (41.7) 40 (38.8)
Yes 15(93.8) 75 (82.4) 21 (58.3) 63 (61.2)
Relapse 0.8 -
No 9 (45.0) 47 (47.5) -
Yes 11 (55.0) 52 (52.5) -

* includes hypertension, diabetes mellitus, and chronic obstructive pulmonary disease

it was more frequent in ED-SCLC patients than in LD-SCLC
patients (26% vs 16.8%, respectively). These findings were
consistent with the results of the previous studies [3-8]. In
a retrospective study (n=453), serum sodium concentra-
tion was less than 125 mEq/L and 126-135 mEq/L in 11%
and 33% of the SCLC patients, retrospectively [4]. Like-
wise, Hermes et al. found that hyponatremia (serum sodium
concentration < 135 mmol/l) was present in 18.9% of 395
SCLC patients, 24% and 11% of whom had ED-SCLC and
LD-SCLC, respectively [5]. They also reported that 8.8%
of these patients had severe hyponatremia (serum sodium
concentration < 129 mmol/l). The clinical data from 564
patients enrolled in 6 prospective topotecan iv studies
showed that hyponatremia (< 135 mEq/L) was present in
17.9% of patients (< 125 mEq/L in 2.8%, 126-130 mEq/L
in 2%, and 130-134 mEq/L in 13.1% of the patients) [6].
Moreover, Wang et al. reported that hyponatremia was pre-
sent in 16.3% of all 631 patients, and severe hyponatremia
was detected in 8.1% [3]; on the other hand, another study
showed that 26% of 1171 patients had hyponatremia [7]. In
a recent meta-analysis, the prevalence of hyponatremia in
SCLC patients varied between 3 and 46.6% with an average
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of 24% [12]. However, Yang et al. found that the incidence
of hyponatremia was 46.56% of 320 SCLC patients [8].

So far, the prognostic significance of hyponatremia has
been inconclusive in several studies, yet some of them
advocated that hyponatremia was a negative prognostic
factor [3-8]. In a retrospective study from China, hypona-
tremic SCLC patients were associated with significantly
shorter median survival than the normal group: 11.4 vs
14.5 months, p <0.001 [3]. Hansen et al. concluded that
hyponatremia was a significant prognostic factor associated
with poor outcomes, with a median survival of 11.2 months
in patients with normal sodium concentrations as opposed
to 7.1 months in patients with subnormal values (p =0.0001)
[4]. Similarly, a retrospective analysis showed that hypona-
tremia was an independent predictor of mortality in patients
with both LD- and ED-SCLC patients [5]. Hyponatremia
was also shown as an independent prognostic factor for
patients with SCLC treated with topotecan in a second-line
setting [6]. However, we disagree with these previous con-
clusions: we found that neither the presence nor the severity
of hyponatremia in both LD- and ED-SCLC affected sur-
vival. We believe that this result is not surprising, because
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Fig.1 OS curves in LD-SCLC patients according to serum sodium
status (p=0.6; 1- and 5-year rates, 80.0% and 16.3% for hypona-
tremic patients, and 71.2% and 6.8% for normonatremic patients,
respectively)

we found that hyponatremia was not associated with such
factors as performance status, sedimentation rate, serum
LDH level, and response to chemotherapy that were prog-
nostic for SCLC and found significant in univariate analysis.

Furthermore, in a systemic review, 6 of 13 studies investi-
gating the prognostic power of hyponatremia in SCLC found
that hyponatremia was a poor prognostic factor for survival,
and in another meta-analysis, 6 of 12 studies showed low
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Fig.2 OS curves in ED-SCLC patients according to serum sodium
status (p=0.1; 1- and 5-year rates, 15.7% and 0.0% for hyponatremic
patients, and 31.6% and 0.0% for normonatremic patients, respec-
tively)

-1 Severe hyponatremic
+#* Mild hyponatremic

Overall Survival

0 12 2 36 43 60
Time (months)

Fig.3 OS curves in hyponatremic LD-SCLC patients according to
the severity of the serum sodium status (p=0.3; 1- and 5-year rates,
88.75% and 0.0% for severe hyponatremic patients, and 73.2% and
23.2% for mild normonatremic patients, respectively)

serum sodium as an independent poor prognostic factor [11,
12]. However, these studies have limitations, such as differ-
ences in detection time of hyponatremia (before or together
with treatment), vague survival times and rates, and a lack of
multivariate analyses in most studies; therefore, we believe
that the interpretation of these results might be misleading.

The retrospective design of this study is the most signifi-
cant limitation. Furthermore, the data solely depends on the
accuracy of the patient records at the centers, and some data
on clinical features are missing. Therefore, we believe that

1,0 -1 Severe hyponatremic
' - 1. Mild hyponatremic

Overall Survival

T
0 12
Time (months)

Fig.4 OS curves in hyponatremic ED-SCLC patients according to
the severity of the serum sodium status (p=0.1; 1- and 5-year rates,
8.75% and 0.0% for severe hyponatremic patients, and 21.25% and
0.0% for mild normonatremic patients, respectively)
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Table 2 Univariate analysis

LD-SCLC ED-SCLC
for OS
Parameter HR 95%CI P HR 95%CI p
Age 1.904  1.251-2.898 0.003 1.201  0.910-1.584 0.1
Sex 1.054  0.636-1.745 0.8 1.771 1.187-2.642  0.005
Body mass index 1.035  0.691-1.553 0.8 0.792  0.604-1.039  0.09
Weight loss 0.857  0.492-1.493 0.5 1.745  1.282-2.374  0.0001
Performance status 7.791 4.186-14.502  0.0001  4.195  3.147-5.592  0.0001
Smoking 1.007  0.317-3.194 0.9 1.953  0.8644.417 0.1
Smoking use 1.193  0.791-1.799 0.4 1.237  0.940-1.628 0.1
Comorbidity 1.286  0.857-1.928 0.2 1.040  0.793-1.365 0.7
Ki-67 0932  0.539-1.614 0.8 1.169  0.824-1.661 0.3
Tumor site, lung 0.894  0.595-1.342 0.5 1.111  0.838-1.474 04
Tumor site, lobe 0.797  0.627-1.013 0.06 1.035 0.863-1.240 0.7
Tumor size 1.059  0.710-1.580 0.7 1.136  0.861-1.500 0.3
Brain metastasis - - - 1.126  0.823-1.540 0.4
Liver metastasis - - - 1.490 1.123-1.977  0.006
Bone metastasis - - - 0.949 0.721-1.248 0.7
Lung/pleural metastasis - - - 1.356  0.995-1.847  0.053
Distant lymph node metastasis - - - 1.178  0.874-1.588 0.2
Sedimentation rate 6.515 1.297-32.730  0.02 2.275 1.0924.737  0.02
Lactate dehydrogenase 0.403 0.99-1.638 0.2 2.278 1.702-3.048  0.0001
Albumin 0.743  0.413-1.335 0.3 0.673  0.509-0.891  0.006
Vena cava superior syndrome 1.696  0.736-3.911 0.2 1.188  0.713-1.980 0.5
Response to chemotherapy 0252 0.139-0.456 0.0001  0.480  0.335-0.689  0.0001
Relapse 0.848  0.554-1.297 0.4 - - -
Presence of hyponatremia 1.137  0.655-1.975 0.6 0.814  0.603-1.099 0.1
Severity of hyponatremia 0.576  0.188-1.763 0.3 0.683  0.400-1.167 0.1
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