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Summary

Background Preoperative hyponatremia and throm-
bocytosis are associated with perioperative morbidity
in patients with epithelial ovarian cancer (EOC). The
aim of the present study was to evaluate preopera-
tive hyponatremia and thrombocytosis as prognostic
parameters in patients with EOC.

Methods In a retrospective cohort study, serum levels
of sodium and thrombocyte counts were evaluated in
498 patients with EOC. Data were extracted from the
prospectively maintained database. Results were cor-
related with clinicopathological parameters and pa-
tient survival.

Results Mean (standard deviation) overall prethera-
peutic serum sodium levels and thrombocyte counts
in patients with EOC were 138.8 (2.9) mmol/l and
340.1 (122.6)x10%/pul, respectively. Hyponatremia
(serum sodium levels<134mmol/l) was found in
33 (6.7%) patients and thrombocytosis (thrombo-
cytes>450/pl) in 88 (17.7%) patients. Serum sodium
levels were associated with the presence or absence of
residual tumor tissue after primary surgery. Throm-
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bocyte counts were associated with Fédération In-
ternationale de Gynécologie et d’Obstétrique (FIGO)
tumor stage, presence/absence of residual tumor,
histological grade and histological type. Patients
with thrombocytosis presented with advanced tumor
stage, a higher rate of postoperative residual tumor
mass, higher tumor grade, and a higher rate of serous
ovarian cancer. In a multivariate logistic regression
analysis, only the established clinicopathological pa-
rameters but not serum sodium and thrombocyte
count were independent predictors of patient overall
survival.

Conclusion Preoperative hyponatremia and thrombo-
cytosis are not useful as additional independent prog-
nostic parameters in patients with EOC.

Keywords Ovarian cancer - Serum sodium - Hypona-
tremia - Platelet count - Survival

Introduction

Recently, a published study reported preoperative
hyponatremia, elevated serum creatinine levels, hy-
poalbuminemia, and thrombocytosis to be associated
with perioperative morbidity in patients with epithe-
lial ovarian cancer (EOC) [1]. While various studies
have also shown a significant prognostic influence of
serum albumin levels [2] and thrombocyte counts [3],
no data are available in patients with EOC regard-
ing hyponatremia. Hyponatremia is one of the most
commonly seen water-electrolyte imbalances defined
as a serum sodium level of less than 135mmol/l and
its severe form defined as a serum sodium level of
less than 120 mmol/1 [4, 5]. It can cause various clin-
ical symptoms including nausea, confusion, seizures
and even coma [4, 5]. A total of three different types
of hyponatremia have been described according to
a patient’s fluid status: low, normal, and high vol-
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ume hyponatremia. Low volume hyponatremia can
be caused by diarrhea, vomiting, or diuretics. Nor-
mal volume hyponatremia can be caused by adrenal
insufficiency, hypothyroidism, the syndrome of in-
appropriate antidiuretic hormone secretion or high
fluid intake. Lastly, high volume hyponatremia can
be caused by heart, liver or kidney failure [4, 5].

Besides its predictive value regarding postoperative
morbidity, hyponatremia has also been investigated
as a prognostic parameter in various malignancies in-
cluding colon, renal and lung cancer [6-8]. Of note,
normalization of hyponatremia was found to improve
patients’ prognosis [9].

No data are available regarding the prognostic value
of hyponatremia. As serum sodium levels and throm-
bocyte counts are laboratory parameters evaluated in
routine clinical care, these parameters could serve as
cheap and readily available prognostic parameters.
Therefore, it was the aim of the present study to inves-
tigate whether hyponatremia and thrombocytosis are
associated with overall survival in patients with EOC
undergoing cytoreductive surgery.

Material and methods
Patients

A total of 498 patients with EOC were included in the
present retrospective cohort study. All patients were
treated between 2000 and 2015 at the Department of
General Gynecology and Gynecologic Oncology, Med-
ical University of Vienna, Austria. The institutional
review board of the Medical University of Vienna
approved the present study (IRB approval number:
247/2009). Individual patient data were extracted
from the departmental database. At the time of EOC
diagnosis, a physical examination was performed
and routine blood tests were carried out including
serum levels of sodium and thrombocyte counts. Pa-
tients were treated according to local standards with
cytoreductive surgery and adjuvant platinum-based
chemotherapy with or without bevacizumab. Surgical
staging was performed according to the International
Federation of Gynecologists and Obstetricians (FIGO)
guidelines, including hysterectomy, bilateral salp-
ingo-oophorectomy, pelvic and/or para-aortic lym-
phadenectomy, appendectomy, omentectomy and
additional cytoreductive procedures to resect all gross
tumors. All patients with tumor stages FIGO IC-IV
and all patients with clear cell carcinoma received an
adjuvant platinum-based chemotherapy. All patients
were followed upposttreatment four times annually,
including pelvic examination, abdominal ultrasound
examination, and serum evaluation of CA-125.

Laboratory tests

As part of the institutional clinical routine, blood
samples were obtained by peripheral venous punc-

ture 24-72h prior to surgery. Quantitative determi-
nation of sodium in serum was performed with an
ion-sensitive electrode (ISE) using the ISE module
of the Roche Hitachi Cobas C System (ISE indi-
rect Na-K-Cl for Gen. 2, Cobas, Roche Diagnostics,
Mannheim, Germany) with normal values ranging
from 135-145mmol/l. Thrombocyte counts were de-
termined by the Sysmex XE-5000 (Sysmex Austria,
Vienna, Austria) test system with normal values rang-
ing from 150-450 x 103/pl.

Statistics

Values are given as number (n) or means (standard
deviation [SD]). Variables were compared using x3-
tests, Pearson’s correlation coefficient, t-test and one-
way ANOVA, where appropriate. Survival probabili-
ties were calculated by the product limit method of
Kaplan and Meier. Differences between groups were
tested using the log-rank test. Univariate and multi-
variate Cox regression models for overall survival were
performed including tumor stage (FIGO I vs. II vs. III
vs. IV), presence of postoperative residual tumor mass
(present vs. absent), histological grade (G1 vs. G2 vs.
G3), histological type (serous vs. all others), patient
age, serum sodium levels, and thrombocyte counts.
The results were analyzed for the endpoint of overall
survival. Only cancer-related death was regarded as
an event, patients who died due to other reasons or
who were still alive even with tumor present at the
time of last follow-up were censored with the date of
last follow-up. Survival times of patients who were
disease free or still alive or dead as a result of other
causes were censored with the last follow-up date. In
the study two multivariate models were performed,
one with all established clinical prognostic parameters
and the experimental parameters as continuous vari-
ables (continuous model) and one with all established
clinical prognostic parameters and the experimental
parameters as dichotomous variables (dichotomous
model). Estimated p-values of<0.05 were considered
statistically significant. Hazard ratios (HR) and 95%
confidence intervals (CI) are provided.

Based on an assumed frequency of hyponatremia of
9% as reported by Martin et al. [1], it was hypothesized
that women with a poor prognosis might differ from
those with a good prognosis by a minimum increment
of at least 9%. Thus, the sample size calculation was
based on an assumed difference of 9% versus 18%.
With 498 patients, this study has a power of>85% to
detect this difference with a p-value of 0.05 indicat-
ing statistical significance. With respect to the multi-
variate model, only nine potential confounders were
included in order to avoid model overfitting. For sta-
tistical analysis, the Statistical Package for the Social
Sciences statistical software (SPSS 22.0, SPSS, Chicago,
IL, USA) was used.
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Table 1 Patients’ characteristics

Parameter nor mean (SD)
Patients 498

Age at first diagnosis, years 58.7 (14.7)
Length of follow-up, months 37.0 (32.8)
Recurrence status

Patients with recurrent disease 299

Time to recurrent disease, months 14.9 (12.6)

Status at last observation
Alive with no evidence of disease or stable disease 179

Stable disease/progressive disease 33/69
Death as a result of disease 196
Death as a result of other causes 21
SD Standard deviation

Results

Patients’ characteristics are shown in Table 1. The
mean (SD) overall pretherapeutic serum sodium lev-
els and thrombocyte counts in patients with EOC
were 138.8 (2.9) mmol/l, 0.84 (0.40) mg/dl and
340.1 (122.6)x103/ul, respectively. Hyponatremia
(serum sodium levels=<134mmol/l) and thrombo-
cytosis (thrombocytes>450x 103/pul) were found in
33 (6.7%) and 88 (17.7%) patients, respectively. The
association between investigated serum parameters
and clinicopathological parameters are shown in Ta-
ble 2. Serum sodium levels were only associated with
the presence/absence of residual tumor tissue after

primary surgery. Thrombocyte counts were associ-
ated with FIGO tumor stage, presence/absence of
residual tumor, histological grade, and histological
type. Patients’ characteristics broken down by ab-
sence/presence of hyponatremia and thrombocytosis
are shown in Table 3. Patients with thrombocytosis
presented with advanced tumor stage, a higher rate
of postoperative residual tumor mass, higher tumor
grade, and a higher rate of serous ovarian cancer.

In the univariate survival analysis, experimental pa-
rameters, i. e., sodium levels and thrombocyte counts,
were considered both as continuous variables and
separately as dichotomous variables broken down by
the abovementioned, well-established groups. Both
parameters reached statistical significance both as
continuous and as dichotomous variables (Fig. 1
and 2), as did all established clinical prognostic pa-
rameters (Table 4). In the multivariate analysis, both
parameters were not associated with overall survival
both as continuous variables and dichotomous vari-
ables.

Discussion

In the present study, low sodium levels and throm-
bocytosis were not associated with impaired overall
survival in patients with EOC. A number of labora-
tory parameters have been shown to be associated
with impaired prognosis in patients with EOC includ-
ing markers of inflammation, serum tumor markers,
serum levels angiotensin-converting enzyme or cell

Table 2 Patients’ characteristics and correlation with the evaluated parameters

Parameter nor mean (SD) Serum sodium (mmol/l) P-value Thrombocyte count P-value
(x 10%/pl)

Patients 498 - - - -

Age at first diagnosis, years 58.7 (14.7) - 0.2° - 0.5°

Tumor stage

FIGO| 92 139.5 (2.4) 0.12 286 (92) <0.00712

FIGOII 35 138.9 (2.9) N.t. 295 (115) N.t.

FIGO Il 296 138.7 (2.8) N.t. 353 (126) N.t.

FIGO IV 75 138.5 (3.5) N.t. 378 (123) N.t.

Postoperative residual tumor mass

Present 152 138.3 (2.9) 0.01° 389 (135) <0.001°

Absent 247 139.0 (2.8) N.t. 317 (107) N.t.

Unknown 99 - N.t. - N.t.

Histological grade

G1 76 139.1 (2.5) 0.12 293 (98) <0.00712

G2 117 139.1 (2.8) N.t. 324 (132) N.t.

G3 305 138.6 (3.0) N.t. 356 (120) N.t.

Histological type

Serous 328 138.7 (2.9) 0.7° 353 (127) 0.0%

Non-serous 170 139.0 (2.7) N.t. 314 (108) N.t.

FIGO Fédération Internationale de Gynécologie et d’Obstétrique, SD Standard deviation, N.z. Not testified

40ne-Way ANOVA,
bt-test
CPearson’s correlation coefficient
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Table 3 Patients’ characteristics broken down by presence/absence of hyponatremia and thrombocytosis
P-value  Thrombocytosis

Parameter nor mean
(SD)

Patients 498

Age at first diagnosis, years 58.7 (14.7)

Tumor stage

FIGO | 92

FIGO Il 35

FIGO Il 296

FIGO IV 75

Postoperative residual tumor mass

Present 152

Absent 247

Unknown 99

Histological grade

G1 76

G2 117

G3 305

Histological type

Serous 328

Non-serous 170

Hyponatremia

present

(n or mean)

33

61.5 (21.1)

12
14

23

20
13

Hyponatremia
absent (nor

mean)
465

58.5 (14.1)

87
33
277
68

140
233
92

73
110
282

307
158

present

(nor mean)

= 88

0.3 59.0 (12.9)

0.730 3
N.t. 4
N.t. 61
N.t. 20
0.5 46
N.t. 33
N.t. 9
0.62 7
N.t. 16
N.t. 65
0.52 70
N.t. 18

Hyponatremia is defined as serum sodium levels < 134 mmol/l, thrombocytosis as thrombocytes = 450 x 10%/pl
FIGO International Federation of Gynecologists and Obstetricians, SD Standard deviation

a,2
v -test
bt-test

Thrombocytosis
absent
(nor mean)

410
58.6 (15.1)

89
31
235
55

106
214
90

69
101
240

258
152

Table 4 Univariate and multivariate overall survival analysis in 498 patients with epithelial ovarian cancer

Univariate, P-Value

FIGO tumor stage <0.0012
(FIGO I'vs. ll'vs. lllvs. IV)

Postoperative residual tumor <0.0012
mass

(present vs. absent)

Histological grade <0.0012
(G1 vs. G2 vs. G3)

Histological type 0.005%
(serous vs. all others)

Patients’ age <0.001°
(continuous)

Serum sodium 0.001°
(continuous)

Serum sodium 0.012
(=< vs. >134 mmol/l)

Thrombocyte count <0.001°
(continuous)

Thrombocyte count <0.0012

(< vs. =450 x 10%/l)

Multivariate, P-Value
Continuous model

p-value
<0.001¢

<0.001°

0.3°

0.5°

<0.001°

0.1°

0.4°

Hazard ratio
1.7

2.5

95% Cl
1.3-2.2

1.7-4.0

0.8-1.6

0.7-1.7

1.03-1.06

0.9-1.1

0.99-1.02

FIGO International Federation of Gynecologists and Obstetricians; 95% CI/95% confidence interval

4log rank test
bunivariate Cox-regression analysis
’multivariate Cox-regression analysis

Dichotomous model

p-value Hazard ratio
0.001°¢ 1.7
<0.001°¢ 2.6

0.3° 1.2

0.9° 1.0
<0.001°¢ 1.05

0.9° 1.0

0.2° 1.3

P-value

0.8°

0.0012
N.t.
N.t.
N.t.

<0.0072
N.t
N.t

0.012
N.t
N.t

0.003

95% Cl
1.2-2.2

1.5-3.6

0.9-1.7

0.6-1.7

1.03-1.07

0.5-2.0

0.8-2.1
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Fig. 1 Kaplan-Meier analysis of overall survival of patients
with ovarian cancer dependent on presence/absence of hy-
ponatremia

1.0 Ld_r_'_+
iy
' o+
0.8 h, S .
: iy thrombocytosis absent
‘-14_,'_“
_g - I‘n'*—h
3 0.6+ L gy .
5 — 4
3 a e
[
9 0.4+
o
0.2
thrombocytosis present
0.0
T T T T T T T
0 10 20 30 40 50 60

Months

Fig. 2 Kaplan-Meier analysis of overall survival of patients
with ovarian cancer dependent on presence/absence of
thrombocytosis

surface markers expressed by the tumor cells [11-15].
Interestingly enough, recently published studies in-
vestigated whether medical interventions such as an-
tihypertensive medication or parenteral nutrition, by
altering circulating inflammatory markers or serum
albumin, influences the prognosis of cancer patients
[10, 16]. Serum levels of sodium could also be changed
by medical interventions; however, the results of the
present study are contradictory to the aforementioned
data, as no independent prognostic effect of serum
levels of sodium was ascertained in the study.

The exact underlying pathophysiological processes
of hyponatremia in cancer patients have not been fully
elucidated to date. The largest body of evidence re-
garding causes of hyponatremia in cancer patients de-
rives from small-cell lung cancer [8]. Hyponatremia is
usually caused by the syndrome of inappropriate an-
tidiuretic hormone, which may be driven by ectopic
production of arginine vasopressin by tumors or by ef-

fects of anticancer and palliative medications on argi-
nine vasopressin production or action [1]. Other fac-
tors may also cause hypovolemic hyponatremia, in-
cluding diarrhea and vomiting, which are associated
with peritoneal carcinomatosis [1]. The present data
show that in EOC patients, low serum sodium levels
or hyponatremia are not associated with patient sur-
vival, although hyponatremia was found to be asso-
ciated with 30 day postoperative mortality [1]. It can
be reasonably argued that the effect of preoperative
hyponatremia is likely to be only of short duration
and may be outweighed by numerous other clinical
parameters, such as tumor stage and residual tumor
mass after primary debulking surgery.

Due to the availability of new targeted therapies
and the implications for family members, recommen-
dations for genetic testing regarding BRCAI/2 have
been recently issued [17]. Due to the retrospective
design, this study included patients who were diag-
nosed with ovarian cancer between 2000 and 2015.
Therefore, data regarding BRCA mutation were miss-
ing in most of the cases. Another interesting hypoth-
esis which has to be kept in mind when interpret-
ing the results of this study is the fact that hypona-
tremia might be associated with a decreased tolerance
to chemotherapy. As no data are available regarding
side effects of chemotherapy regimens, this assump-
tion cannot be supported or refuted. Although a rel-
atively high number of patients were included in the
study, another point of criticism might be an insuffi-
cient power to detect differences based on the number
of events. Based on the sample size analysis and on
the number of parameter included in the multivari-
ate analysis, an adequate power and sample size can
be assumed. Of note, based on the study design only
possible associations could be investigated but by no
means any causality.

Conclusion

Despite the previously reported association between
hyponatremia with perioperative morbidity [1] and
thrombocytosis with perioperative morbidity as well
as prognosis [1, 3], the study falls short of showing
any association between preoperative serum levels
of sodium and thrombocyte counts with overall sur-
vival among patients with primary EOC. Preoperative
hyponatremia and thrombocytosis are not useful as
additional independent prognostic parameters in pa-
tients with EOC.
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