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ABSTRACT

Introduction: Biliary tract cancers (BTC) include
both gallbladder cancer and cholangiocarci-
noma, both of which have a poor prognosis. The
aim of our study was to evaluate the main clinical
prognostic factors in this setting and to assess
their impact on overall survival (OS).
Methods: We retrospectively analyzed data
collected on 64 patients with BTC who under-
went surgery with radical intent at our institu-
tion. OS was estimated using the Kaplan–Meier
method. The Cox regression model was used to
perform univariate and multivariate analyses.
Results: Preoperative hyponatremia was found
to be an independent prognostic factor that

correlated negatively with prognosis, with
hyponatremic patients having a poor OS com-
pared to the group of patients with normal
serum sodium levels (9.44 vs. 15.47 months;
p = 0.0215). In addition, high preoperative val-
ues for carbohydrate antigen 19-9 (Ca19.9), a
tumor marker for some gastrointestinal can-
cers, and lactate dehydrogenase (LDH) were
found to be prognostic factors for a significant
reduction in OS (Ca19-9: 7.14 vs. 24.22 months,
p = 0.0088; LDH: 1.70 vs. 15.47 months,
p = 0.0384).
Conclusion: Identification of these prognostic
factors may support strategies to identify, in
clinical practice, those subgroups of patients
with a favorable or unfavorable prognosis before
surgical treatment and, therefore, to guide
therapeutic choices. In particular, to our
knowledge, this is the first report of the prog-
nostic role of serum sodium level in BTC. Early
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detection and careful monitoring of hypona-
tremia and supportive therapy can help to
improve the treatment and prognosis of BTC.

Keywords: Biliary tract cancer; Hyponatremia;
Prognosis; Surgery

Key Summary Points

Why carry out this study?

Hyponatremia is an important negative
prognostic and predictive factor for cancer
patients. However, no data are currently
available on the role of hyponatremia in
patients with resected biliary tract cancers
(BTC).

The aim of this study was to assess the
prognostic value of hyponatremia
detected at diagnosis in patients with BTC
who underwent radical surgery.

What was learned from the study?

Patients diagnosed with BTC who were
also hyponatremic were found to have
poorer overall survival than patients with
normal preoperative serum sodium levels
(9.44 vs. 15.47 months; p = 0.0215).

The results indicate that serum sodium
levels should be analyzed in patients with
BTC undergoing surgery. Early detection
and careful monitoring of hyponatremia
and supportive therapy can help to
improve patient outcome.

INTRODUCTION

Biliary tract cancers (BTC) describe a group of
gastrointestinal tumors comprising both intra-
and extra-hepatic cholangiocarcinoma (bile
duct cancer) and gallbladder carcinoma. Biliary
duct cancer differs from gallbladder cancer in
that its incidence is similar in males and females
and the survival rate is better [1]. Biliary duct

cancer occurs most frequently in men aged C 70
years [1].

The symptoms of cholangiocarcinomas
occur early, and the disease manifests as a local
invasion rather than metastasis. In comparison,
gallbladder cancer is more frequent, but it is
diagnosed at later stages in most cases since
patients are asymptomatic for a long time. The
incidence of BTC varies greatly throughout the
world [2], with the rate being closely linked
with the geographic distribution of risk factors.
In Italy, approximately 3000 new cases of BTC
are diagnosed each year. BTC represent 0.8% of
all tumors in males and 1.6% of all tumors in
females [3]. However, the incidence of BTC is
rising. In particular, the incidence of intra-
hepatic tumors in the USA rose by 128%
between 1973 and 2012 [4].

Patients with BTC can be asymptomatic or
may present jaundice due to the obstruction of
the biliary tree caused by the tumor, a palpable
mass in the right upper abdomen, abdominal
lymphadenopathy, left supraclavicular
adenopathy, or fever [5], although only 10% of
patients present with early-stage disease and are
eligible for surgical resection, which is the only
chance for a cure [6]. Radical surgical resection
remains the only curative option, but only 40%
of those who undergo surgery achieve 5-year
survival [7, 8]. Median overall survival (OS) in
these patients ranges from 6 to 7 months after
surgery alone, with possible prolongation to
more than 12 months when a combined
approach is used, including chemotherapy
either in the adjuvant setting or with disease
recurrence [9].

Several prognostic factors before surgery and
after resection have been described; of these,
jaundice and a high serum level of carbohydrate
antigen 19-9 (CA19-9) before surgery are related
with a poor prognosis [10]. Hyponatremia has
recently been shown to have a negative prog-
nostic impact in cancer patient outcomes. In
particular, hyponatremia has been found to be
associated with a higher mortality in patients
with lung cancer [11], renal cell carcinoma [12],
malignant pleural mesothelioma [13], and gas-
trointestinal cancer [14], while a prompt cor-
rection of this electrolyte disorder improved
patient outcomes [15]. Hyponatremia has also
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been shown to play a negative predictive role in
patients treated with chemotherapy and target
therapies [12] and to be associated with a longer
hospital stay (and the associated higher costs)
[16].

Hyponatremia can be related to diuretic use,
gastrointestinal losses, hypotonic infusions,
cardiac failure, diabetic impairment, and other
causes. In cancer patients, hyponatremia is
often caused by the syndrome of inappropriate
antidiuretic hormone secretion (SIAD) that
results from the ectopic production of antidi-
uretic hormone. It can also be related to extra-
cellular fluid depletion or renal toxicity related
to platinum-based chemotherapy [17]. Its
symptoms, especially when the condition is
mild or moderate, are non-specific and often
lead to a lack of diagnostic classification,
resulting in delayed treatment.

To our knowledge, the prognostic impact of
hyponatremia in resected BTC patients has not
been reported, as we found only two case
reports in the literature [18, 19]. Thus, the aims
of our study were to understand the importance
of hyponatremia as a prognostic marker both
before and after patients with BTC underwent
surgery and its impact on outcome and to
determine whether the correction of hypona-
tremia in a timely manner would improve
prognosis.

METHODS

Patient Selection

We retrospectively analyzed 64 consecutive
patients with histologically-confirmed BTC who
underwent surgery at our Institution between
February 2009 and February 2014 and who were
then followed on a regular basis in a specific
follow-up program.

Methods

Patient characteristics and clinical laboratory
features that were evaluated include age, sex,
symptoms at diagnosis, risk factors and comor-
bidity, site of primary tumor, type of surgery,

blood tests at diagnosis (among others, sodium
level, tumor markers (including carcinoembry-
onic antigen, Ca19-9, and lactate dehydroge-
nase [LDH]), and OS. Patients received
treatment for hyponatremia according to pub-
lished guidelines [17]. No data on hypona-
tremia correction were available during the
study period. Written informed consent for the
diagnostic and therapeutic procedures was
obtained from all patients. All procedures per-
formed in the study were in accordance with
the ethical standards of the institutional and
national research committee and with the 1964
Helsinki declaration and its later amendments
or comparable ethical standards. The local eth-
ics committee, Comitato Etico Regione Marche
(CERM), approved the study (2020/39, study ID
1315).

Statistical Analysis

The primary endpoint of this study was to
evaluate the prognostic role of hyponatremia
before and after surgery for BTC. OS was defined
as the interval between radical surgery and
death or the last follow-up visit. Patients who
were not reported to be deceased at the time of
the analysis were censored at the date they were
last known to be alive.

The association between categorical variables
was estimated using the Chi-square test. The
Cox multivariate proportional hazard regres-
sion model was used to evaluate the effects of
the prognostic factors on survival. Survival dis-
tribution was estimated by the Kaplan–Meier
method. Significant differences in the proba-
bility of surviving between the strata were
evaluated by the log-rank test. Hazard ratios and
95% confidence intervals (CIs) were estimated
from regression coefficients. Statistical signifi-
cance was set at p B 0.05. All statistical analyses
were performed using MedCalc software version
10.4.8 for Windows (MedCalc Software Ltd.,
Ostend, Belgium).

RESULTS

Sixty-four patients were included into the
study. All patients underwent radical surgery for
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BTC, and no patient received adjuvant therapy.
Patient characteristics are summarized in
Table 1.

All patients had localized disease with no
metastasis, and the histological type was

adenocarcinoma in almost all cases. At the time
of the statistical evaluation, 45 (70.3%) patients
had died. Median OS after surgery was 16.45
(range 0.13–71.84) months.

Table 1 Patient characteristics

Parameter Valuesa

Number of patients 64

Gender (male/female) 39 (60.9%)/25 (39.1%)

Median age (years) 66 [46–78]

Symptoms at onset

Incidental finding 19 (29.6%)

Jaundice 15 (23.4%)

Abdominal pain 12 (18.7%)

Dyspepsia 6 (9.3%)

Weight loss 6 (9.3%)

Increase in liver function values or indexes of cholestasis 5 (7.8%)

Biliary colic/cholangitis 5 (7.8%)

Comorbidity/risk factors

Smoke 10 (15.6%)

Biliary calculosis 4 (6.2%)

Previous/attendant cancer in different source 12 (18.75%)

Familiarity for cancers 17 (26.5%)

Hypertension 31 (48.4%)

Diabetes mellitus type 2 11 (17.1%)

Chronic liver disease (alcohol, hepatitis B and C) 3 (4.6%)

Diverticular disease 4 (6.25%)

Source of tumor

Intra-hepatic cholangiocarcinoma 32 (50%)

Extra-hepatic cholangiocarcinoma 15 (23.4%)

Gallbladder 14 (21.8%)

Papilla of vater 3 (4.6%)

Death (yes/no) 45 (70.3%)/9 (29.6%)

a All values are reported as the number of patients with/without the percentage in parenthesis, with the exception of age,
which is presented as the number of years with the range in square bracketsparenthesis
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Univariate analysis revealed that preopera-
tive values of CA19-9 and LDH and the site of
primary tumor were significant prognostic fac-
tors (Table 2). Median OS was 7.14 (range
0.13–20.63) months in patients with high val-
ues of the tumor marker CA19-9 and 24.22

(range 0.33–58.07) months in those with nor-
mal values (p = 0.0088; Fig. 1). Median OS was
1.70 (range 0.13–30.79) months in patients
with high LDH levels and 15.47 (range 0.33–-
71.84) months in those with normal levels (p
= 0.0384; Fig. 2). With regard to the site of the
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Fig. 1 Kaplan–Meier overall survival curves based on preoperative serum carbohydrate antigen 19-9 (Ca19-9) level for
patients with high Ca19-9 levels and those with normal Ca19-9 levels (significant difference at p = 0.0088)

Table 2 Prognostic value of carbohydrate antigen 19-9, lactate dehydrogenase, and hyponatremia prior to surgery

Parameter Number of patients (%) Median overall survival (months)

CA19-9 elevated before surgery

Yes 2 (34.3%) 7.14 (range 0.13–20.63)

No 25 (39.0%) 24.22 (range 0.33–58.07)

Unknown 17 (26.5%)

LDH elevated before surgery

Yes 5 (7.8%) 1.70 (range 0.13–30.79)

No 30 (46.8%) 15.47 (range 0.33–71.84)

Unknown 29 (45.3%)

Hyponatremia before surgery

Yes 9 (14.06%) 9.44 (range 1.70–18.98)

No 55 (85.9%) 15.47 (range 0.13–71.84)

CA19-9 Carbohydrate antigen 19-9, LDH lactate dehydrogenase
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primary tumor, median OS was significantly
higher in patients with cholangiocarcinoma
(19.8 months, range 1.54–71.84 months) than
in patients with cancer of the gallbladder
(7.3 months, range 1.15–41.31 months) and
Klatskin tumor (15.0 months, range 0.33–-
24.23 months) (p = 0.0422).

Univariate analysis also revealed that
patients with preoperative hyponatremia
(serum sodium\135 mEq/L) had lower sur-
vival (median OS 9.44 months, range 1.70–-
18.98 months) than those with normal serum
sodium levels (15.47 months, range 0.13–-
71.84 months; Fig. 3) (p = 0.0215).

Multivariate analysis of OS, including LDH,
CA19-9, and serum sodium levels before sur-
gery, age (C 65 vs.\65 years), and sex, revealed
that only high values of CA19-9 and LDH and
hyponatremia before surgery were independent
prognostic factors of OS in resected patients
with BTC (Table 3).

DISCUSSION

The results of this study show that preoperative
hyponatremia is an independent unfavorable
prognostic factor for patients with BTC who

undergo radical resection and confirm that
preoperative CA19-9 and LDH levels are also
independent prognostic factors. These factors
may represent simple and useful tools to esti-
mate patient prognosis in this setting.

Regarding CA19-9, a high value of this tumor
marker before surgery was found to negatively
correlate with survival, similar to the results of
our previous study [4] and in agreement with
results described in the literature. This result is
in agreement with those of Hatzaras et al. who
evaluated the prognostic impact of high levels
of CA19.9 in a group of 91 patients who
underwent radical surgery for cancer of the bil-
iary tract between 1992 and 2007 and found
that it was an independent predictor of poor
survival [20].

Hyponatremia, on the other hand, has not
been previously studied as a prognostic factor
for BTC despite it being one of the most com-
mon metabolic disorders observed in cancer
patients and/or a serious neurological compli-
cation, as well as being potentially life-threat-
ening. Hyponatremia is commonly defined as a
serum sodium concentration of\ 135 mEq/L
[21]. It has been reported to have negative
effects on the duration of hospitalization,
quality of life, and prognosis, both in cancer
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Fig. 2 Kaplan–Meier overall survival curves based on preoperative serum lactate dehydrogenase (LDH) level for patients
with high LDH levels and those with normal LDH levels (significant difference at p = 0.0384)
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patients and in patients with non-neoplastic
diseases [16–22].

Treating hyponatremia appears to improve
both the symptoms and outcome of the disease,
as shown by Waikar et al. who used multivari-
able-adjusted models to show how patients with
hyponatremia had an increased risk of death
during hospitalization and at 1 and 5 years after
hospitalization, respectively [23]. The increased
risk of death was evident even in those with
mild hyponatremia (130–134 mEq/L), and the
resolution of hyponatremia during hospitaliza-
tion attenuated the increased mortality risk
conferred by hyponatremia [23].

Hyponatremia is commonly associated with
small cell lung cancer (SCLC), as well as with
non-small cell lung cancer (NSCLC), lym-
phomas, gastrointestinal cancers, and
mesothelioma [10–15]. Berardi et al. [15]
demonstrated that serum sodium normalization
is an independent prognostic factor for OS and
progression-free survival (PFS) in patients with
advanced lung cancer. Patients who achieved
normalized serum sodium levels had a higher
OS (11.6 vs. 4.7 months, p = 0.0435) and PFS
(6.7 vs. 3.3 months, p = 0.011), suggesting the
importance of frequent laboratory monitoring
and a prompt correction of hyponatremia to

Table 3 Multivariate analysis of overall survival including lactate dehydrogenase, carbohydrate antigen 19-9, and serum
sodium levels before surgery, age (C 65 vs.\ 65 years), and sex

Parameter p Odds ratio 95% Confidence interval

LDH 0.03295 0.2861 0.0911–0.8983

Ca19-9 0.00147 0.1704 0.0576–0.5043

Age C 65 years 0.2451 1.7006 0.6977–4.1450

Gender 0.6020 0.7697 0.2893–2.0480

Preoperative sodium level 0.0200 0.7697 0.5893–0.9480
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Fig. 3 Kaplan–Meier overall survival curves based on preoperative serum sodium level for hyponatremic and eunatremic
patients (significant difference at p = 0.0215)
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optimize patient outcome [15]. In another
study, patients with NSCLC who developed
hyponatremia showed a shorter time to pro-
gression to bone lesions (3.73 vs. 5.76 months;
p = 0.0187) [24].

Several studies have demonstrated the
importance of hyponatremia as a negative
prognostic factor in many types of malignant
tumors, including lung cancer [25], and
hyponatremia has also been studied in breast
cancer, tumors of the head and neck, gastroin-
testinal cancer, gynecologic cancer, acute leu-
kemia, non-Hodgkin’s lymphoma and other
hematological malignancies. Kim et al. [26]
showed that hyponatremia (B 133 mmol/L) was
an important negative prognostic factor for
survival in patients with gastric cancer. Simi-
larly, Vasudev et al. [27] showed that it is
important to check the serum sodium levels in
patients with renal cell carcinoma. These
authors studied 212 eunatremic and hypona-
tremic patients undergoing nephrectomy for
renal cell carcinoma and found that survival
was increased in all eunatremic patients, per-
sisting even in those in the N0M0 subgroup,
compared to their hyponatremic counterparts.
In eunatremic and hyponatremic patients, the
1-year OS rates were 92.6% (95% CI 87.4–97.9)
and 77.3% (95% CI 69.3–85.3), respectively,
and the 5-year OS rates were 67.6% (95% CI
54.2–80.9) and 44.3% (95% CI 32.8–55.8),
respectively [27]. In another study, Jappensen
et al. [12] identified hyponatremia as a negative
prognostic factor in patients with renal cell
carcinoma receiving therapy with interleukin-2
and interferon-alpha and that it correlated with
performance status, number of involved organs,
site of primary tumor, weight loss[ 10%, nor-
mal leukocytes, low albumin, alkaline phos-
phatase level above normal, and low
hemoglobin level.

Our results show that hyponatremia is a
negative prognostic factor in patients with BTC.
Although there is a dearth of data on this topic
in the literature, the prognostic and predictive
role of hyponatremia in other tumors underli-
nes the importance of this factor as a biomarker
in patients with BTC as well. Reliable prognostic
factors can help the clinician to make the the
best therapeutic choice for each patient. In

addition, recent evidence shows that correcting
the electrolyte disturbance leads to an
improvement in the prognosis. Therefore, it is
important that the clinician monitor serum
sodium levels and correct any related disorders.
Confounding factors of hyponatremia, such as
use of diuretics, endocrinopathies (e.g.,
hypothyroidism and hypoadrenalism), and
diabetes, must be taken into account in clinical
practice [28].

This study has a number of limitations. First,
it is a single-center, retrospective study and thus
susceptible to bias in terms of data selection and
analysis. Second, due to the low incidence of
resectable disease, the sample is small; there-
fore, the results should be validated by future
prospective studies. Third, concomitant chan-
ges in clinical management and drugs that
could not be accounted for in this study can
influence hyponatremia.

CONCLUSION

In conclusion, our results show that hypona-
tremia can be considered a negative prognostic
parameter in resected BTC patients. Therefore,
the early detection, monitoring, and manage-
ment of hyponatremia may improve patient
prognosis. In addition, both hyponatremia and
Ca19-9 may help to identify subgroups of
patients with favorable or unfavorable progno-
sis prior to surgery and, consequently, to guide
further therapeutic choices, eventually leading
to the selection of patients who may benefit the
most from a postoperative treatment.

To our knowledge this is the first study to
evaluate the association of hyponatremia with
the outcome of BTC patients. Further investi-
gations are needed to examine the effect of
treating hyponatremia on the outcome of these
patients.
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