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Abstract

Purpose Hyponatremia is a common and associated with
poor clinical outcome in cancer patients. But little is known
regarding hyponatremia in terminal cancer patients. The pur-
pose of this study is to investigate the prognostic role of the
hyponatremia in terminal cancer patients.

Methods A retrospective observational study was conducted
between January 2010 and December 2012 in a tertiary hos-
pital palliative care unit. Medical records were collected from
hospitalized patients who were eligible for obtaining serum
sodium level. Hyponatremia was defined as serum sodium
<136 mEq/L. And we classified patients into three groups;
eunatremia (sodium 136—-145 mEq/L), mild to moderate
hyponatremia (sodium 126-135 mEq/L), and severe
hyponatremia (sodium <125 mEq/L). Univariate and multi-
variate Cox regression analyses were performed to determine
factors affecting survival time.

Results Of the 576 patients, hyponatremia was present in
367 individuals (63.7 %). In the univariate analysis, se-
rum CRP, PPS, and sodium <125 mEq/L were associated
with survival time (HR=1.22; p<0.001, HR=0.69;
p<0.001, HR=1.91; p<0.001). In the multivariate analy-
sis, serum CRP, PPS, sodium 126-135 mEq/L, and sodi-
um <125 mEq/L were associated with survival time (HR=
1.16; p<0.001, HR=0.70; p<0.001, HR=1.19; p=0.048,
HR=1.75; p<0.001).

Conclusions Hyponatremia is an independent prognostic fac-
tor in terminal cancer patients and careful clinical concern is
needed. In the future, large prospective study is warranted in
terminal cancer patients.
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Background

Hyponatremia is an electrolyte abnormality, indicating dilu-
tion of serum sodium in relation to excessive total body fluid,
and is commonly observed in various medical condition, such
as heart failure, liver cirrhosis, renal failure, infectious state
(pneumonia and HIV infection), and malignancy [1, 2]. It is
known that hyponatremia is associated with longer hospital
days, medical costs, and higher mortality compared to
eunatremia [2—5]. Although it is hypothesized that long-term
hyponatremia might disturb the metabolic and genetic balance
in cells, resulting in higher mortality, pathophysiologic effect
of hyponatremia on clinical outcome has not yet clearly been
identified [6].

Hyponatremia is also commonly seen in cancer patients.
Among the diverse causes of hyponatremia in cancer patients,
syndrome of inappropriate secretion of antidiuretic hormone
(SIADH) is considered to be the most common cause in
cancer [7-10]. Berghmans et al. reported that one third of
hyponatremia cases were caused by SIADH, followed by a
depleted state due to gastrointestinal fluid loss and diuretic use
[7]. Pain, the most common symptom in cancer patients, is
also a powerful stimulus for ADH secretion, as is physical and
emotional stress. Nausea and vomiting also increase the se-
cretion of ADH [8-10]. Morphine and other opioids are
known to directly increase ADH secretion [11].

Previous reports also revealed that hyponatremia was as-
sociated with increased length of admission day and higher
mortality rate in cancer patients [6, 7, 12], though prognostic
value of hyponatremia is different depending on the popula-
tion. Studies have reported that patients with hyponatremia
had poor prognosis in small cell lung cancer (SCLC) [13, 14].
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On the other hand, some studies showed different results
according to the extension of disease. One study found that
patients with hyponatremia had shorter survival time only in
extended disease (ED), and not in limited disease (LD) [15],
whereas another study showed that hyponatremia was associ-
ated with poor prognosis in LD [16]. Previous literatures on
non-small cell lung cancer (NSCLC) and metastatic renal cell
cancer (RCC) patients also showed that hyponatremia was
significantly associated with poor survival outcome [17, 18].
However, the prognostic value of hyponatremia exclusive to
terminal cancer patients is yet to be examined. Therefore, this
study investigated hyponatremia as a prognostic indicator of
terminal cancer patients.

Materials and methods
Study population

The database was collected from electronic medical records of
hospitalized terminal cancer patients in palliative care unit of
Seoul St. Mary’s Hospital, between January 2010 and
December 2012. By using the electronic database, information
on patients’ age, sex, type of cancer, presence of metastases,
comorbidities, survival time, palliative performance scale
(PPS), and laboratory results were obtained. Patients who
did not have the records of serum sodium level were excluded.
Also, patients who had serum sodium level above 145 mEq/L,
which is defined as hypernatremia, were not eligible. Among
755 patients admitted between January 2010 and December
2012, 576 patients were available for the final analysis.

The level of sodium and C-reactive protein (CRP) checked
on the first day of hospitalization were recorded.
Hyponatremia was defined as serum sodium level below
136 mEq/L. For classification of the severity of hyponatremia,
serum sodium levels were divided into three groups;
eunatremia (serum sodium 136-145 mEq/L), mild to moder-
ate hyponatremia (serum sodium 126-135 mEq/L), and se-
vere hyponatremia (serum sodium <125 mEq/L). The survival
time was defined as the time from the first day of hospitaliza-
tion at palliative care unit until death.

The Institutional Review Board at Seoul St. Mary’s
Hospital has approved this study (IRB no. KC13RASI0903).

Statistical analysis

Sex, type of cancer, presence of metastases, comorbidities,
PPS, and the severity of sodium level were investigated. The
median value of survival time and the mean values of age and
CRP were recorded. One-way ANOVA analysis was per-
formed to analyze the differences in age, PPS, survival time,
and CRP level in respect to groups of sodium level. Univariate
and multivariate Cox regression analyses were performed to
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determine factors affecting survival time. The Kaplan—-Meier
method was used to measure differences in survival time for
each sodium level groups. All analyses were performed with
SAS Statistical Package Release 9.3 (SAS Institute, Cary, NC,
USA) program. A p value of less than 0.05 was considered to
indicate statistical significance.

Results
Demographic and clinical characteristics

A total of 576 patients were examined; 289 (50.2 %) male
patients and 287 (49.8 %) female patients. The mean age of
the study population was 62.0 (£13.14). Pancreatic/
hepatobiliary cancer was the most common type, comprising
128 (22.2 %) patients, followed by 114 (19.8 %) gastric cancer
patients, 90 (15.6 %) colorectal cancer patients, and 85
(14.7 %) lung cancer patients. Metastases were present in
496 (85.6 %) patients. In regards to comorbidities, 156
(27.0 %) patients had hypertension and 89 (15.4 %) patients
had diabetes mellitus. There were 317 (55.1 %) patients whose
PPS was 50 % equal or greater, 231 (40.1 %) patients 30—
40 %, and 28 (4.9 %) patients 20 % or less. The mean CRP
level was 9.60 (£7.75). Hyponatremia (serum sodium
<136 mEq/L) was present in 367 (63.7 %) patients; mild to
moderate hyponatremia (serum sodium 126—135 mEq/L) was
in 313 (54.3 %) patients; and severe hyponatremia (serum
sodium <125 mEq/L) in 54 (9.4 %) patients. The median
survival time of the study population was 15 days (Table 1).

Comparisons of age, PPS, survival time, and CRP in each
groups of sodium level

The serum sodium level was divided into three groups. Each
serum sodium group statistically showed significant differ-
ence in age, PPS, survival time, and CRP level. The mean
age in the serum sodium <125 mEq/L group, 126—135 mEq/L
group, and 136-145 mEq/L group was 59.3, 61.6, and 63.4
(p=0.013), respectively. The mean PPS was 42.6, 47.4, and
45.3 % for each group (p=0.003). Mean survival times were
14.7, 24.8, and 31.2 days (p=0.024), respectively. The mean
CRP levels for each group were 10.66, 10.28, and 8.30 mg/dl
(p=0.003) (Table 2).

Univariate and multivariate Cox proportional hazard model
analyses

Univariate and multivariate Cox regression analyses were
performed to investigate the factors affecting of survival time.
In the univariate analysis, CRP and PPS showed significant
associations with survival (HR=1.22; p<0.001, HR=0.69;
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Table 1  General characteristics of study population
Patients characteristics Number (%)
Gender
Male 289 (50.2)
Female 287 (49.8)

Age (years)® 62.0 (£13.14)

Primary Cancer type
Pancreas/Hepatobiliary cancer 128 (22.2)
Gastric cancer 114 (19.8)
Colorectal cancer 90 (15.6)
Lung cancer 85 (14.7)
Ovary/cervix 36 (6.0)
Soft tissue 34 (5.9)
Other 89 (15.4)
Presence of Metastasis 496 (85.6)
Comorbidity 288 (50.0)
Hypertension 156 (27.0)
Diabetes 89 (15.4)
Palliative performance scale (PPS)
>50 % 317 (55.1)
3040 % 231 (40.1)
<20 % 28 (4.9)
CRP (mg/dl)* 9.60 (£7.75)
Serum Na (mEq/L)
<125 54 (9.4)
126-135 313 (54.3)
136-145 209 (36.3)
Survival time (day)® 15 (1, 437)

#Mean(+SD)
®Median (Q1,Q3)
CRP C-reactive protein

p<0.001). Compared to eunatremia group, serum sodium
<125 mEq/L was significantly associated with poor prognosis
(HR=1.91; p<0.001). In the multivariate analysis, CRP and
PPS also showed significant associations with survival (HR=
1.16; p<0.001, HR=0.70; p<0.001). Serum sodium
<125 mEq/L and 126—135 mEq/L groups showed statistical
significance regarding survival time compared to eunatremia
group (HR=1.75; p<0.001, HR=1.19; p=0.048) (Table 3).

Figure 1 shows survival curves for different serum sodium
level groups by using the Kaplan-Meier method. Each group
statistically showed significant difference in survival times
(Log rank test <0.001). Serum sodium <125 mEqg/L group
showed the shortest survival time compared to eunatremia

group.

Discussion

This study confirmed that terminal cancer patients with
hyponatremia (serum sodium <136 mEq/L) have a signifi-
cantly shorter survival time compared to patients with
eunatremia (serum sodium 136~145 mEq). It also proved
hyponatremia as an independent prognostic factor as already
shown in various study populations including cancer patients
[6, 1214, 17, 18]. Hansen et al. with 453 SCLC patients
receiving chemotherapy reported that patients with
hyponatremia (serum sodium <136 mEq/L) showed shorter
survival time compared to patients with normal sodium levels
[14]. Jabot et al. suggested that hyponatremia was one of the
poor prognostic factors in their study with 301 NSCLC pa-
tients [17]. In a Danish study with 120 metastatic RCC pa-
tients, hyponatremia (serum sodium <136 mEq/L) was iden-
tified as an independent prognostic factor [18]. This study
demonstrated prognostic value of hyponatremia in different
type of cancer patients in the terminal stage who are treated
with palliative purpose.

In this study, hyponatremia was categorized into two
groups; mild to moderate (serum sodium 126—135 mEq/L)
group and severe (serum sodium <125 mEq/L) group, and
severe hyponatremia statistically showed higher hazard ratio
than mild to moderate hyponatremia. However, in a study of
3357 cancer patients, Doshi et al. found that moderate
hyponatremia (serum sodium <120-129 mEq/L) was associ-
ated with higher hazard ratio (HR) for 90-day mortality and
showed shorter survival time than severe hyponatremia (se-
rum sodium <120 mEq/L) [6]. And in another large-scale
study including metastatic cancer inpatients, 5-year mortality
was significantly higher in patients with mild hyponatremia
(serum sodium <130-134 mEq/L), but not significantly

Table 2 Comparisons of age,

PPS, survival time, and CRP by Na <125 mEq/L Na 126-135 mEq/L Na 136-145 mEq/L p value
group of sodium level N=54 N=313 N=209
Age (years) 59.3 61.6 63.4 0.073
PPS (%) 42.6 47.4 453 0.018
Survival time (days) 14.7 24.8 31.2 0.011
PPS Palliative performance scale, CRP (mg/dl) 10.66 10.28 830 0.007

CRP C-reactive protein
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Table 3  Univariate and multivariate Cox proportional hazard ratios of survival
Univariate Multivariate
Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value
Age 0.99 (0.99-1.00) 0.059 0.99 (0.99-1.00) 0.155
CRP (mg/dl)* 1.22 (1.13-1.32) <0.001 1.16 (1.07-1.26) <0.001
PPS (%)° 0.69 (0.64-0.76) <0.001 0.70 (0.65-0.77) <0.001
Serum Na (mEq/L)
136-145 Ref Ref
126-135 1.18 (0.99-1.41) 0.062 1.19 (1.00-1.43) 0.048
<125 1.91 (1.41-2.59) <0.001 1.75 (1.29-2.38) <0.001

p value was derived according to the Cox proportional hazard model. PPS and CRP were standardized. Standardized scale (raw scale-average)/standard

deviation
* CRP C-reactive protein
b PPS Palliative performance scale on first admission

different in patients with severe hyponatremia (serum sodium
<120 mEq/L) [3]. This difference might be caused by the
different classification of hyponatremia. Hyponatremia was
divided into mild, moderate, and severe groups in previous
studies, whereas mild and moderate hyponatremia was cate-
gorized as one group in this study. Different cutoff value of
hyponatremia and study population may also lead to different
results from preceding studies. Consequently, the linear rela-
tionship between the severity of hyponatremia and survival
time in cancer patients may not have been clearly concluded at
this point.

The prevalence of hyponatremia in cancer patients was
known to be 447 % in previous studies, depending on the

Sodium < 125 (mEq/L)
Sodium 126-135 (mEq/L)
Sodium 136-145 (mEq/L)

06 H

0.6

Cum Survival

0.4 1[ ik

02 LLL ~y
1 o e P value < 0.001
. B
1 T, . -
0.0+ = ——— 5
| 1 1 1 1 |l
0 20 40 60 80 100

Time to Death(days)

Fig. 1 Differences in survival time categorized by groups of sodium
level. The p values were derived according to the log-rank test
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cutoff value for hyponatremia and the study sample [6, 7, 12].
In this study, the frequency of hyponatremia (serum sodium
<136 mEq/L) was 63.7 %, which was slightly higher than
existing previous studies. The differences in prevalence seem
to have been exhibited, because the terminal cancer patients
are in more severe condition than patients in the former
reports.

Hyponatremia can be managed by both conservative and
medical treatment. By hydration, water restriction, or hyper-
tonic saline infusion, most hyponatremic status can be suc-
cessfully converted into eunatremia. Moreover, a new phar-
macological treatment for hyponatremia by AVP-receptor an-
tagonist has been highlighted [19]. The efficacy of AVP-
receptor antagonist has already been demonstrated for the
treatment of patients with non-cancer patients [20-23].
However, there are no high-quality study outcomes on termi-
nal cancer patients. Waikar et al. demonstrated that the mor-
tality rate is lower in patients, including metastatic cancer
patients, with resolved hyponatremia than in those with per-
sistent hyponatremia [3]. Doshi et al. found that cancer pa-
tients with corrected serum sodium level during admission
were associated with lower mortality than those who did not
[6]. Another previous study also concluded that failure to
normalize serum sodium was a poor prognostic factor in
patients with SCLC receiving chemotherapy [14].
Considering the present result, treatment of hyponatremia,
such as conservative treatment or drug administration, may
be a considerable interest in the aspect of improving clinical
outcome in terminal cancer patients. Consequently, further
studies are warranted to determine if interventions for
hyponatremia affect the survival time of terminal cancer
patients.

This is the first study to demonstrate the relationship be-
tween hyponatremia and survival time in terminal cancer
patients. Its most notable feature is that the data, from the
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patients with different types of terminal cancer, were collected
over 3 years in a palliative care unit. Furthermore, the PPS and
CRP, which were previously recognized as independent prog-
nostic factors, also showed significant prognostic values sta-
tistically, adding more reliability to this study [24-27].

However, there are several limitations in this study. First,
this study is a retrospective observational study with data from
a single center. Second, the data did not consider all the
variables that cause hyponatremia, such as the use of diuretics
or fluid replacement with free water. Finally, this study did not
have follow-up data of serum sodium changes in patients.

In the future, a large-scaled, prospective study with termi-
nal cancer patients should be conducted to better understand
the prognostic role of hyponatremia, precisely. Furthermore,
additional studies regarding the correction of hyponatremia
also need to be examined.

Conclusion

Hyponatremia is an independent prognostic factor in terminal
cancer patients and careful clinical concern is needed.

Conflicts of interests We do not have any financial relationships to
disclose. We have full control over all primary data and agree to allow
Supportive Care in Cancer to review the data.
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