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Introduction
Hyponatremia is the most common electrolyte disturbance seen in 

patients receiving anticancer drugs. Several cytotoxic agents, including 
carboplatin, cisplatin, vincristine, and vinblastine, have been found 
to cause hyponatremia. Recently, clinically significant hyponatremia 
has been reported in cancer patients treated with molecular-
targeted therapies [1]. Moreover, several studies have suggested that 
hyponatremia is a poor prognostic factor among cancer patients [2,3].

Hyponatremia has been also reported to be a major complication 
among cases in which high doses of cyclophosphamide (CPA) were 
used as part of a conditioning regimen for bone marrow transplants 
[4-7]. However, there is little clinical data about the occurrence of 
hyponatremia during the routine use of low-dose CPA to treat breast 
cancer. A retrospective study reported that all of the patients that 
developed the condition recovered without any sequelae [8]. 

We recently encountered a case in which severe low-dose CPA-
induced hyponatremia occurred in a patient with breast cancer. 
We speculated that the use of aprepitant, a neurokinin-1 receptor 
antagonist,  to prevent chemotherapy-induced nausea and vomiting 
(CINV) was associated with hyponatremia [9]. From the viewpoint of 
drug-drug interactions, it is possible that advances in supportive care 
may increase the risk of hyponatremia in patients receiving cancer 
treatment. 

We investigated the incidence, clinical course, and risk factors of 
hyponatremia in primary breast cancer patients that received adjuvant 
chemotherapy involving low-dose CPA.

Materials and methods
We carried out a prospective observational study of patients with 

primary breast cancer who were admitted to our hospital between 
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December 2010 and October 2012. This study was conducted in 
accordance with the Declaration of Helsinki and was approved by our 
institutional review board. Females with primary breast cancer who 
were candidates for adjuvant chemotherapy involving CPA (600 mg/
m2) were eligible for this study. In all patients, hypotonic electrolyte 
infusions were equally used for prophylactic hydration following CPA 
treatment. The inclusion criteria included an age of <65 years old; an 
Eastern Cooperative Oncology Group performance status of 0 to 1; 
adequate renal function (an estimated glomerular filtration rate of <60 
mL/min/1.73 m2); and the absence of an electrolyte imbalance, diabetes 
mellitus, or dyslipidemia.

We assessed the differences between the serum sodium 
concentrations observed at the start of the first cycle and after 24 hours. 
Hyponatremia was defined as a serum sodium level of <135 mEq/L [8], 
and was considered to be severe when the patient’s serum sodium level 
was <125 mEq/L. Patients that were diagnosed with hyponatremia were 
closely monitored, and their electrolyte levels were examined every 24 
hours until their serum sodium concentrations recovered to within the 
normal range (Figure 1). 

Statistical analysis

To identify risk factors potentially associated with the occurrence 
of hyponatremia, each factor was compared by Fisher’s exact test 
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and Mann-Whitney U-test. The factors were age, pathological stage, 
estrogen receptor (ER) status, progesterone receptor (PgR) status, 
human epidermal growth factor receptor type 2 (HER2) status, 
serum sodium concentrations at baseline, chemotherapy regimen, 
and antiemetics. The risk factors were also evaluated in multivariable 
analysis with the logistic regression model [9]. The 95% confidence 
interval (CI) for the risk ratio was calculated for the independent 
prognostic factors. All analyses were conducted with EZR (version 1.50; 
Saitama Medical Center, Jichi Medical University, Saitama, Japan) [10]. 
Statistical significance was defined as a p-value of <0.05.

Results
Base line characteristics

In total, 97 patients were enrolled between December 2010 and 
October 2012. The patients’ baseline characteristics are shown in Table 
1. Their median age was 51.3 years (range: 31 to 65), and 32, 41, and 
24 patients had stage I, stage II, and stage III disease, respectively. 
Tumors were ER-positive in 72 patients and negative in 25. Tumors 
were PgR-positive in 61 patients and negative in 36. Tumors were 
HER2-positive in 29 patients and negative in 68. Of the 97 patients, 
62 received anthracycline-containing regimens (doxorubicin and CPA 
[AC]: 56 patients, epirubicin and CPA [EC]: 6 patients). The remaining 
35 patients were treated with docetaxel and CPA (TC). The patients’ 
pretreatment serum sodium concentration (mean± SD) was 139.9 ± 1.9 
mEq/L.

Incidence of hyponatremia

Low-dose CPA-induced hyponatremia was found in 18 of the 97 
patients (18.6%) (Table 2). The median age of these 18 patients was 
40 years (range: 31 to 62). Sixteen were treated with AC, while the 
remaining 2 were given TC. Serum sodium concentration (mean± SD) 
taken 24 hours after the CPA therapy in these 18 patients was 138.6 ± 
1.7 mEq/L, and none developed severe hyponatremia. Among them, 
14 patients had their serum sodium concentrations monitored for 
more than 48 hours. In most cases, the patients’ serum sodium levels 
returned to normal within around 48 hours, but protracted (until day 
5) hyponatremia was seen in 1 patient (Patient 11). 

Clinicopathologic analysis of risk factors of hyponatremia

Comparison of clinical characteristics between patients with and 
without CPA-induced hyponatremia is shown in Table 3. Patients 
with hyponatremia were significantly younger than those without 
hyponatremia (45.2 ± 11.0 vs. 52.6 ± 8.4 years of age, P=0.008). Baseline 
serum sodium levels in patients with hyponatremia were significantly 
lower than those in patients without hyponatremia (138.6 ± 1.7 vs. 
140.2 ± 1.9 mEq/L, P = 0.001). PgR was more commonly expressed 
in patients without hyponatremia than in those with hyponatremia 
[54 patients (68.4%) vs. 7 patients (38.9%), P=0.030]. Anthracycline-
containing regimens were more frequently associated with patients with 
hyponatremia than those without hyponatremia [16 patients (88.9%) 
vs. 46 patients (58.2%), P=0.015)]. All patients were given a serotonin 
antagonist and dexamethasone to prevent CINV. As for aprepitant, its 
use was more closely related to patients with hyponatremia than those 
without hyponatremia [15 patients (83.3%) vs. 43 patients (54.4%), 
P=0.032]. 

Figure 1. Flow diagram of this study
Age, years 

Median (Range) 51.28 (31-65)
Stage at registration

I/II/III 32/41/24
Hormone receptor status

ER +/-
PgR +/-

72/25
61/36

HER2 status
HER2 +/- 29/68

Chemotherapy regimen
AC/EC
TC

56/6
35

Antiemetics 
Dexamethazone
Granisetron
Aprepitant

97
97
58

Basal serum sodium levels 139.9 ± 1.99 mEq/L

Table 1. Patient characteristics at baseline

ER: estrogen receptor; PgR: Progesterone receptor; HER2: Human epidermal growth 
factor receptor type 2; AC: Doxorubicin and cyclophosphamide; EC: Epirubicin and 
cyclophosphamide; TC: Docetaxel and cyclophosphamide

Patient Age Stage Regimen Basal Na 24 hrs 48 hrs
1 47 IIA AC 139 130 137
2 62 Ⅰ AC 141 134 139
3 53 IIB AC 140 129 141
4 37 IIIA AC 140 131 135
5 38 IIB AC 138 133 137
6 58 Ⅰ AC 140 130 135
7 31 IIA AC 136 133 136
8 36 Ⅰ AC 138 130 -
9 41 IIB AC 140 132 139
10 60 Ⅰ AC 140 132 139
11 35 IIIC AC 139 130 133
12 37 IIIC AC 138 134 135
13 56 IIIA AC 139 131 134
14 33 IIB AC 140 133 -
15 47 IIA AC 135 134 -
16 38 IIIC AC 137 133 137
17 65 IIB TC 138 132 140
18 39 IIB TC 136 133 -

Basal Na, serum sodium levels at baseline
24 hrs: 24 hours; 48 hrs: 48 hours
AC: doxorubicin and cyclophosphamide; TC: docetaxel and cyclophosphamide

Table 2. Cases of hyponatremia
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The expression of ER and HER2, and pathological stage were not 
significantly different between patient with and without hyponatremia. 

Multivariate analysis

We carried out multivariate analysis using the factors of age, 
serum sodium concentrations at baseline, expression of PgR, use 
of anthracycline-based regimen, and use of aprepitant (Table 4). 
No significant association was found between these factors and the 
development of hyponatremia; however, patients who had lower serum 
sodium concentrations at baseline (OR: 0.70, 95% CI: 0.49–1.00, 
p=0.051) and younger age (OR: 0.93, 95% CI: 0.87–1.00, p=0.053) tended 
to be independently associated with the occurrence of hyponatremia. 

Discussion
We prospectively investigated the incidence, clinical course, and 

risk factors of low-dose CPA-associated hyponatremia in primary 
breast cancer patients. Our study indicated that its incidence was 18.6% 
that was slightly higher than Lee et al. findings [8]. This may be because 
we evaluated the occurrence of hyponatremia only in the first course 
of chemotherapy. In this study, no severe cases of hyponatremia (< 
125 mEq/L) was found, and patients’ clinical courses were consistent 
with those described in a previous study [8]. Our results suggested 
that, in primary breast cancer patients with a good performance status, 
no special management is needed to prevent the development of 
hyponatremia in clinical practice. However, given that hyponatremia 
during treatment was not a rare event and there have been reports 
of severe cases [9,11-16], it was meaningful to identify risk factors 
of hyponatremia. So far, no risk factor has been established for the 
development of low-dose CPA-induced hyponatremia. 

Initially, we focused on the use of aprepitant as a risk factor 
because we previously experienced this drug possibly associated severe 
hyponatremia in a patient with breast cancer [9]. Although univariate 
analysis revealed that the use of aprepitant was closely related to the 
occurrence of hyponatremia, it was not extracted as an independent 
risk factor by multivariate analysis. On the other hand, lower serum 
sodium level at baseline and younger age were shown to be independent 
possible risk factors. A retrospective study of risk factors of cisplatin-
related hyponatremia also reported that lower baseline serum sodium 
concentration (<138 mEq/L) was a risk factor for severe hyponatremia 
[17]. Our observation indicated that patients who had pretreatment 
lower sodium concentration may be likely to result in hyponatremia 
(<135 mEq/L) even with small decline of its level after hypotonic 
electrolyte infusion following CPA administration. It is unclear why 
younger age remained a candidate risk factor for hyponatremia. It 
may be due to the influence of nausea and vomiting, which stimulate 
antidiuretic hormone (ADH) production. In our data, an additional 
retrospective analysis showed emesis (grade 2 ≥ by CTCAE ver. 5) 
occurred frequently in the hyponatremia group (data not shown). 
Younger age was also described to be one of risk factors that enhanced 
the incidence of CINV [18,19]. 

The mechanism of hyponatremia by CPA have not been fully 
understood. As one of its mechanism, the syndrome of inappropriate 
ADH secretion has been proposed in cases of severe hyponatremia 
receiving CPA [20,21]. However, other studies have demonstrated 
that monitored serum ADH levels have not altered in patients during 
CPA treatment [22]. In addition, several investigators suggested a 
direct antidiuretic effect of CPA or its metabolites on renal collecting 
tubules and/or ADH-like activity of CPA metabolites [6,23]. Since our 
study lacked evaluations of pharmacokinetics of CPA and other factors 
including ADH that can affect hyponatremia, further investigations 
are required to clarify the precise mechanism of the development of 
hyponatremia related to CPA.

Conclusion
In conclusion, low-dose CPA-induced hyponatremia was not rare 

in breast cancer patients, but it recovered without specific management. 
Age and pretreatment serum sodium level were considered to be 
independent possible risk factors of hyponatremia. However, the 
small sample size of this single-center study may have led to selection 
bias. Thus, additional large-scale studies are required to confirm our 
observation and to verify the pathological significance of low-dose 
CPA-induced hyponatremia in patients with breast cancer. 
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