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To determine effects of the biochemical and cytological properties of blood, serum, and ascites on survival of patients with
malignant peritoneal effusion (MPeE), including malignant peritoneal mesothelioma (MPeM) and peritoneal carcinomatosis
(PC), we conducted a retrospective study of patients with MPeE and healthy controls. Potential prognostic factors were
identified as follows: age, sex, blood neutrophil-to-lymphocyte ratio (NLR), serum parameters, ascites parameters, serum-ascites
albumin gradient, and the ascites-serum LDH ratio. Compared to those of the control group, serum albumin levels were
significantly lower, and the NLR and serum LDH levels were significantly higher in the MPeE group. Overall survival (OS) was
longer in patients with MPeM compared to that in patients with PC. Compared with patients in the MPeM, patients with PC
had higher NLRs, ascites glucose levels, serum-ascites albumin gradients, and serum LDH levels. In contrast, their ascites
albumin levels and ascites-serum LDH ratios were lower. Univariate analyses indicated that the NLR, serum LDH levels, ascites
LDH levels, ascites coenocyte levels, and the ascites coenocyte-to-monocyte ratios affected the OS. Multivariate analyses
identified only serum and ascites LDH levels as independent prognostic factors.

1. Introduction

Malignant peritoneal effusion (MPeE) is a marker that
frequently indicates advanced malignant disease, and malig-
nant ascites is a grave prognostic sign. Tumors causing
carcinomatosis are commonly secondary peritoneal surface
malignancies as follows: ovarian, colorectal, pancreatic, and
uterine. Other causes include extra-abdominal tumors origi-
nating from lymphomas, lung and breast cancer, and a small
number of primary tumors such as malignant peritoneal
mesothelioma (MPeM) [1]. Malignant ascites accounts for
approximately 10% of cases of ascites [2]. Survival from time
of diagnosis in this patient population is poor, and there are
limited therapeutic options with the goal of targeting pallia-
tion to symptoms, which include abdominal pain, nausea,
vomiting, and anorexia.

Palliative procedures can improve the quality of life [3].
Therefore, reliable prognostic parameters that can be easily
incorporated into clinical practice are essential. At present,
few studies that focus on the predictors of survival in patients
with cancer are available. These studies identify age, sex,
blood neutrophil-to-lymphocyte ratio (NLR), serum albumin
level, serum lactate dehydrogenase (LDH) level, ascites
parameters, and the serum-ascites albumin gradient that
may be associated with the prognosis of patients with mul-
tiple tumors [4–8]. However, few studies focus on the
above index of patients with MPeE, particularly the rela-
tionship of ascites LDH levels with the prognosis of
patients with MPeE.

Here, we present research on the prognostic factors of
blood, serum, and ascites of patients with malignant ascites.
The present study was performed to determine whether
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patient survival was affected by the type of peritoneal cavity
tumor and by the parameters of the blood, serum, and peri-
toneal fluid as well as determine the relative contribution of
each of these potential predictors to survival.

2. Material and Methods

The Ethics Committee of Central Hospital of Cangzhou City,
Cangzhou, Hebei, China, approved this study.

2.1. Subjects. Patients were hospitalized because of ascites,
and those eligible for inclusion in the study presented with
diffuse MPeM without other primary tumors; patients with
PC were identified using imaging, peritoneal histopathol-
ogy, and immunohistochemistry tests administered before
treatment [9, 10]. Criteria for excluding subjects were as
follows: cardiac failure, kidney failure, liver cirrhosis or other
causes of ascites, and surgery during follow-up treatment.
We conducted a retrospective analysis of biochemical data
and overall survival (OS) collected from 43 patients with
MPeM and 82 with PC who were treated at our hospital from
January 2012 to January 2017. Thirty-two age- and gender-
matched healthy subjects served as controls.

We collected information about age, sex, primary tumor
site, NLR, serum albumin levels, serum LDH levels, ascites
parameters (glucose, albumin, LDH, coenocyte, monocyte,
and coenocyte-to-monocyte ratio), the serum-ascites albu-
min gradient, and ascites-serum LDH ratios. OS was
measured from the dates of diagnosis to death. Censored data
were used if the patient was alive or lost to follow-up. These
data were obtained from clinical charts or through telephone
calls to patients’ relatives.

2.2. Statistical Analysis. Calculations were performed using
SPSS version 16.0 (Chicago, IL, USA). Chi-square test was
used to compare categorical data. t-test was used to compare
normally distributed continuous variables, and continuous
variables not normally distributed are expressed as medians
and ranges. The nonparametric Mann–Whitney U test was
used to compare the significant differences between two
groups. Continuous variables that were not normally distrib-
uted are expressed as median values. The relationship
between prognostic factors and outcomes was modeled using
univariate Kaplan–Meier survival analysis. Statistical com-
parisons were performed using the Kaplan–Meier method
with the log-rank test. The multivariate Cox regression
method was used for investigating the effects of independent
variables (prognostic factors) on OS. Cox regression model-
ing results are presented as hazard ratios (HRs) with
associated 95% confidence intervals (CIs). P < 0 05 indicated
a statistically significant difference.

2.3. Limitation. There are some limitations in our study. The
sample size is small in some categories. The inclusion criteria
are broad and there is some degree of heterogeneity in
patients with different types of primary tumor, and the
retrospective study design is with inherent bias. Both univar-
iate and multivariate statistical comparisons were used in our
calculation, and it is known that univariate method might
overestimate the effect size. The parameters we selected were

those commonly used in clinical work, and more parameters
should be explored. Therefore, further prospective study with
a large sample size is necessary.

3. Results

3.1. Patients’ Characteristics. Table 1 presents the patients’
characteristics. Among those with MPeE, 49 (39.2%) were
male and 76 (60.8%) were female (male to female
ratio = 1 : 1.55).

3.2. OS. Table 2 and Figure 1 present the OS analysis accord-
ing to the type of primary tumor. Patients had a median sur-
vival of 8 months (range, 1–42 months). Survival time was
calculated in months rather than days, because months are
the standard time variable used in multiple studies [11, 12].
Table 2 presents the survival analysis according to the type
of primary tumor as follows: 11 months for MPeM, 9.5
months for ovarian cancer, 7 months for gastrointestinal
cancer, and 6 months for liver, gall, and pancreatic cancer.
Patients with MPeE associated with MPeM survived longer
(11months; range, 1–42months) compared with those whose
cancers located in other sites. Patients with liver, gall, or
pancreatic cancer experienced the shortest survival (6months;
range, 1–25months). The OS of patients with primary perito-
neal carcinoma—MPeM—was significantly longer compared
to the OS of those with PC (P = 0 034) (Table 3).

3.3. Serum and Ascites Albumin Levels and Serum-Ascites
Albumin Gradients. Compared to those of subjects in the
control group, serum albumin levels were significantly lower
(P < 0 001) in patients with MPeE (Table 4). There was no
significant difference in serum albumin between patients
with MPeM and those with PC (Table 3). But serum albumin
levels did not significantly affect OS according to the results
of the Kaplan–Meier method and log-rank test (Table 5).
The ascites albumin level was significantly higher in patients
with MPeM compared to that in patients with PC (P = 0 046)
(Table 3) and was not a significant prognostic factor
(Table 5). The serum-ascites albumin gradients of patients
with MPeM were lower compared to those of patients with
PC (P = 0 002) (Table 3). In the patients with PC, there were
7 ones with massive liver metastasis, and their serum-ascites
albumin gradients (17.37± 3.48 g/L) were especially higher
compared to those of patients with MPeM (6.74± 3.32 g/L)
(P < 0 001). But the serum-ascites albumin gradients of
patients with MPeM were still significantly lower than those
of patients with PC except massive liver metastasis ones
(8.68± 3.60 g/L) (P = 0 041). However, this variable was not
significantly associated with OS (Table 5).

3.4. Ascites Glucose Levels. Ascites glucose levels were signif-
icantly lower in patients with MPeM compared to those in
patients with PC (P = 0 015) (Table 3). However, the ascites
glucose level was not identified as a significant prognostic
factor (Table 5).

3.5. Ascites Coenocyte and Monocyte Numbers, Coenocyte-to-
Monocyte Ratios, and NLRs. The numbers of ascites coeno-
cyte and monocyte and coenocyte-to-monocyte ratios
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between patients with MPeM and those with PC were not
significantly different (Table 3). Kaplan–Meier univariate
analysis revealed that shorter survival was significantly
related to higher numbers of ascites coenocytes (P = 0 023)
(Figure 2) and a higher ascites coenocyte-to-monocyte ratio
(P = 0 019) (Figure 3). However, Cox proportional hazards
analysis revealed that the ascites coenocyte numbers or the
ascites coenocyte-to-monocyte ratio was not associated with
OS (Table 5).

Compared to that of healthy controls, the NLR of patients
with MPeE was significantly higher (P < 0 001) (Table 4),
and the NLR was significantly higher in patients with PC
compared to that in patients with MPeM. Kaplan–Meier uni-
variate analysis revealed that shorter survival was related to a
higher NLR (P = 0 027) (Figure 4), although Cox propor-
tional hazards analysis revealed that the difference was not
significant (P = 0 770) (Table 5).

3.6. Serum and Ascites LDH Levels and Ascites-Serum LDH
Ratios. Serum LDH levels were significantly higher in
patients with MPeE (P = 0 020) compared to those in healthy
controls (Table 4) and were significantly higher in patients
with PC compared to those in patients with MPeM (P =
0 046) (Table 3). There was no significant difference in asci-
tes LDH levels between patient groups (P = 0 239) (Table 3).
The ascites-serum LDH ratios were significantly higher in
patients with MPeM compared to those in patients with PC
(P = 0 004) (Table 3).

Kaplan–Meier univariate analysis revealed that lower OS
was significantly associated with increased ascites and serum
LDH levels (P = 0 015 and P = 0 008, resp.) (Figures 5 and 6)
(Table 5). Ascites-serum LDH ratios were not significantly
associated with OS, and Cox proportional hazards analysis
revealed that ascites and serum LDH levels (P = 0 023 and
P = 0 037, resp.) were independent prognostic factors associ-
ated with the OS of patients with MPeE (Table 5).

4. Discussion

MPeE remains one of the greatest oncologic challenges. A
grim prognosis is routinely encountered with limited hope
of effective treatment [13]. The TNM stage, pathological sub-
type, and performance status have been consistently identi-
fied as prognostic factors of cancer in clinical practice [14].
However, such factors are insufficient to guide individualized
treatment of patients with MPeE. To address these problems,
here we conducted a retrospective study designed to identify
prognostic factors of patients with MPeE.

The diagnosis of MPeE implies poor survival with 8
months (median) in the present study. OS was significantly
longer in patients with primary peritoneal carcinoma—M-
PeM—compared to that in patients with peritoneal metasta-
tic carcinoma, which is consistent with the results of previous
studies [15, 16].

We divided the study’s subjects into two groups
according to median of age, sex, blood components,
serum, and ascites parameters. Female sex and age< 67
years were associated with longer survival in agreement

Table 1: Baseline characteristics of the study population (n = 125).

Characteristics Values

Males, n (%) 49 (39.2)

Females, n (%) 76 (60.8)

Median age (range), years 67 (26–85)

Median ascites glucose level
(range), mmol/L

5.2 (0.1–11.4)

Median ascites albumin level
(range), g/L

28 (7–35)

Median ascites LDH level (range), U/L 299 (32–1984)

Median ascites coenocyte numbers
(range), %

30 (5–99)

Median ascites monocyte numbers
(range), %

70 (1–97)

Median ascites coenocyte-to-monocyte
ratio (range)

0.43 (0.03–100.1)

Median serum albumin level
(range), g/L

34 (15–48)

Median serum-ascites albumin
gradient (range), g/L

8 (0–27.2)

Median serum LDH level (range), U/L 210.5 (115–1530)

Median ascites-serum LDH ratio (range) 1.14 (0.2–5.8)

Median blood neutrophil-to-lymphocyte ratio
(range)

3.62 (0.52–33.3)

Table 2: Survival analysis according to primary tumor type.

Primary tumor
Patients

number (%)
Median survival time

months (range)

Mesothelioma 43 (34.4) 11 (1–42)

Ovary 19 (15.2) 9.5 (1–40)

Gastroenterology 26 (20.8) 7 (2–18)

Liver, gall, and
pancreas

24 (19.2) 6 (1–25)

Other 13 (10.4) 6 (1–13)

Overall 125 (100.0) 8 (1–42)
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Figure 1: Kaplan–Meier curve showing the survival of the 125
patients. The median OS for all patients in the group was 8 months.
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with other studies [17], although the relationship was not
statistically significant.

It is reported that the quality of patients’ ascites caused
by peritoneal carcinomatosis is distinct with positive cytol-
ogy, high ascitic protein levels, and low serum-ascites
albumin gradient [3, 18, 19]. In the present study, serum
albumin levels were significantly lower in patients with
MPeE compared to those in patients of the control group.
Patients with MPeM had longer OS, higher ascites albu-
min levels, and lower serum-ascites albumin gradient com-
pared with patients with PC. To our knowledge, PC can
be associated with massive liver metastasis with a wide
serum-ascites albumin gradient. We also studied the sub-
group with massive liver metastasis in the patients with
PC and found that the serum-ascites albumin gradients
of patients with MPeM were still significantly lower than
those of patients with PC except massive liver metastasis
ones. However, the present study did not determine the
serum and ascites albumin levels and the serum-ascites
albumin gradient influenced survival time.

Cancer cells decrease the concentration of ascetic glu-
cose [20]. Here, we found that ascites glucose levels were
significantly lower in patients with MPeM compared to
those in patients with PC. Low glucose concentrations in
ascites were associated with an increased tumor burden,
although the patients with MPeM studied here experi-
enced longer OS. Thus, lower glucose concentrations are

likely explained by the lengthy persistence a primary
MPeM in the peritoneal cavity.

Many recent studies focus on inflammation in cancer.
The peripheral blood NLR is a simple and valuable indicator
that can reflect the magnitude of a systemic inflammatory
response in patients with cancer [21, 22]. In the present
study, patients with MPeE had higher NLRs compared with
healthy controls, and NLRs were higher in PC patients com-
pared to those in patients with MPeM. Kaplan–Meier univar-
iate analysis revealed that shorter survival was associated
with higher NLRs. This association can be explained by the
important role of the NLR in tumor local invasion and
metastasis. Here, higher percentage of neutrophils in ascites
was also associated with shorter survival time, which showed
that shorter OS was associated with the significant increase in
the number of ascites coenocytes, accompanied by an
increasing coenocytes-to-monocyte ratio.

LDH, as a regulator of hypoxia, plays a vital role in anaer-
obic glycolysis in cancer [23]. The serum LDH level, which is
inexpensive and convenient to measure, serves as a prognos-
tic factor of patients with malignant mesothelioma and other
solid tumors [24, 25]. A high level of pleural LDH in the pleu-
ral space and its relationship with poor survival were
reported in mixed cancer groups [7, 16, 26, 27]. Here, we
found that compared to that in healthy controls, serum
LDH was significantly higher in patients with MPeE, indicat-
ing that serum LDH is a specific diagnostic marker in

Table 3: Survival time and potential prognostic factors in patients with mesothelioma and peritoneal carcinomatosis.

Prognostic factors Mesothelioma (n = 43) Peritoneal carcinomatosis (n = 82) P value

Median survival time (months) 11 7.5 0.034

Sex (M/F) 16/27 33/49 0.741

Age (years) 60.7± 8.5 61.6± 12.7 0.660

Ascites glucose level (mmol/L) 4.83± 2.05 5.74± 1.96 0.015

Ascites albumin level (g/L) 28.02± 3.94 25.3± 7.21 0.046

Ascites LDH level, median (U/L) 323 252 0.293

Ascites monocyte numbers, median (%) 70 70 0.800

Ascites coenocyte numbers, median (%) 30 30 0.800

Ascites coenocyte-to-monocyte ratio 0.43 0.43 0.800

Serum albumin level (g/L) 34.14± 5.16 35.18± 5.13 0.274

Serum-ascites albumin gradient (g/L) 6.74± 3.32 10.06± 4.18 0.002

Serum LDH level, median (U/L) 191 248 0.046

Ascites-serum LDH ratio, median 2.00 1.05 0.004

Blood neutrophil-to-lymphocyte ratio, median 3.35 4.00 0.034

Table 4: Potential prognostic factors in healthy control and MPeE patients.

Prognostic factors Control (n = 32) MPeE patients (n = 125) P value

Sex (M/F) 11/21 49/76 0.616

Age (years) 59.7± 10.2 61.1± 10.9 0.450

Serum albumin level (g/L) 47.51± 4.21 34.69± 5.15 <0.001
Serum LDH level, median (U/L) 179.0 210.5 0.020

Blood neutrophil-to-lymphocyte ratio, median 3.35 4.00 <0.001
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patients with MPeE from benign lesions. Further, we found
that patients with PC had higher serum LDH levels and expe-
rienced shorter OS compared with patients with MPeM. The
reason for this phenomenon might be that PC is frequently
advanced malignant disease and a grave prognostic sign
accompanied by elevated serum LDH compared with MPeM.

Rare studies focus on the LDH levels in the ascites of
patients with MPeE or their association with survival. Here,
we found that there was no significant difference in ascites
LDH levels between patients with MPeM and those with
PC, although the ascites-serum LDH ratio in patients with
MPeM was higher. The reason for these findings might be
that MPeM is originated from peritoneum; therefore, the
peritoneum tumor burden is heavy with diffused and persis-
tent infiltration [28, 29], which is accompanied by more tis-
sue injury induced by anaerobic glycolysis pathway and
high ascites LDH levels. The major growth pattern of MPeM
is peritoneal infiltration, and metastases are exceedingly rare,
while the main growth pattern of PC is diffuse dissemination
through the vasculature and lymph, which might account for
higher serum LDH levels compared with patients with

MPeM. Therefore, serum LDH is more meaningful for
patients with PC, and ascites LDH is a more useful prognos-
tic factor for MPeM.

In the present study, high levels of LDH in serum and
ascites predicted poor survival, which is consistent with the
use of LDH level as a significant indicator of survival out-
comes [26]. Thus, LDHmay be clinically applied for selecting
the optimum therapeutic strategy, and patients with low
levels of serum and ascites LDH may be considered suitable
for measures that provide a more sustained effect. When
expected survival is short, less invasive procedures should
be considered (e.g., repeated abdominocentesis to relieve
the symptoms). Further, inhibition of LDH appears to be
promising for individualized treatment of cancers.

5. Conclusions

Survival time varied depending on the type of primary tumor
in patients withMPeE. OS was significantly longer in patients
with MPeM compared to those with PC. Serum and ascites
LDH levelswere independent predictors of survival of patients

Table 5: Univariate and multivariant analysis of the association between potential prognostic factors and survival for all 125 patients with
malignant peritoneal effusions.

Prognostic factors Categories Patients (n) Median survival time (months) (95% CI) P valuea P valueb

Sex
Male 49 8.0 (5.3–10.7)

0.131
Female 76 12.0 (8.9–15.1)

Age (years)
<67 80 11.0 (8.6–13.4)

0.528
≥67 45 7.0 (3.5–10.4)

Ascites glucose level (mmol/L)
<5.2 65 11.0 (8.5–13.5)

0.770
≥5.2 60 7.0 (1.7–12.3)

Ascites albumin level (g/L)
<28 65 8.0 (1.4–14.6)

0.990
≥28 60 12.0(8.8–15.2)

Ascites LDH level (U/L)
<299 62 14.0 (11.79–16.25)

0.015 0.023
≥299 63 7.0 (4.4–9.6)

Ascites coenocyte numbers (%)
<30 61 12 (11.0–13.0)

0.023
≥30 64 7 (5.1–8.9)

Ascites monocyte numbers (%)
<70 55 7.0 (5.0–9.0)

0.207
≥70 70 12.0 (11.1–12.9)

Ascites coenocyte-to-monocyte ratio
<0.43 64 12.0 (10.2–13.8)

0.019
≥0.43 61 7.0 (5.0–9.0)

Serum albumin level (g/L)
<34 59 8.0 (4.9–11.2)

0.220
≥34 66 12.0 (9.6–14.4)

Serum-ascites albumin gradient (g/L)
<8.0 62 12.0 (9.1–14.9)

0.765
≥8.0 63 12.0 (9.7–14.3)

Serum LDH level (range) (U/L)
<210.5 64 14.0 (11.2–16.8)

0.008 0.037
≥210.5 61 7.0 (4.6–9.4)

Ascites-serum LDH ratio
<1.14 61 12.0 (6.7–17.3)

0.885
≥1.14 64 12.0 (10.9–13.1)

Blood neutrophil-to-lymphocyte ratio
<3.62 62 12.0 (11.0–13.0)

0.027
≥3.62 63 7.0 (3.0–11.1)

aUnivariate analysis: Kaplan–Meier method; bmultivariant analysis: Cox regression method.
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with MPeE. As a prognostic marker, serum LDH is more
meaningful for predicting the prognosis of patients with PC
and ascites LDH for predicting the prognosis of patients with

MPeM. Measuring serum and ascites LDH levels may there-
fore be useful in clinical practice because of greater conve-
nience and lower cost. Consideration of these factors may
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Figure 3: Kaplan–Meier survival curves depicting OS according to
the ascites coenocyte-to-monocyte ratio. The OS rate of patients
with high ascites coenocyte-to-monocyte ratio was significantly
lower than that of patients with low ascites coenocyte-to-
monocyte ratio level (P = 0 019).
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Figure 4: Kaplan–Meier survival curves depicting OS according to
the NLR. The OS rate of patients with high NLR was significantly
lower than that of patients with low NLR (P = 0 027).
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Figure 5: Kaplan–Meier survival curves depicting OS according to
the ascites LDH level. The OS rate of patients with high ascites
LDH level was significantly lower than that of patients with low
ascites LDH level (P = 0 015).
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Figure 2: Kaplan–Meier survival curves depicting OS according to
the ascites coenocyte level. The OS rate of patients with high
ascites coenocyte numbers was significantly lower than that of
patients with low ascites coenocyte numbers (P = 0 023).
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allow physicians to provide more precise prognoses and indi-
vidualized therapeutic strategies for patients with MPeE.
Future prospective randomized trials using standardized
LDHcut-off values arewarranted to improve statistical power.

Abbreviations

MPeE: Malignant peritoneal effusion
MPeM: Malignant peritoneal mesothelioma
PC: Peritoneal carcinomatosis
NLR: Neutrophil-to-lymphocyte ratio
LDH: Lactate dehydrogenase
OS: Overall survival.

Consent

Written informed consent was obtained from the patient or
next of kin of the patients for publication of this article and
any accompanying images. A copy of the written consent is
available for review by the Editor of this journal.

Disclosure

The current manuscript was presented as a poster that is
available at the following link: http://onlinelibrary.wiley.com/
doi/10.1111/1751-2980.12518/abstract;jsessionid=0377D909
03259CB9049DE12B9F0A1FAC.f04t01.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Shan-shan Su and Guo-qi Zheng designed the study and
wrote the paper. Wen-jie Yin, Yu-fei Liang, Ying-ying Liu,
and Hui Song collected the data. Ning-ning Sun and Yu-xin
Yang analyzed the data. All authors read and approved the
final manuscript.

Acknowledgments

This work has been approved by Cangzhou Science
and Technology Research and Development Plan (no.
1213018ZD).

References

[1] S. L. Sangisetty and T. J. Miner, “Malignant ascites: a review of
prognostic factors, pathophysiology and therapeutic mea-
sures,” World Journal of Gastrointestinal Surgery, vol. 4,
no. 4, pp. 87–95, 2012.

[2] B. A. Runyon, “Care of patients with ascites,” The New
England Journal of Medicine, vol. 330, no. 5, pp. 337–342,
1994.

[3] R. N. Garrison, L. D. Kaelin, L. S. Heuser, and R. H. Galloway,
“Malignant ascites: clinical and experimental observations,”
Annals of Surgery, vol. 203, no. 6, pp. 644–651, 1986.

[4] T. D. Boyer, A. M. Kahn, and T. B. Reynolds, “Diagnostic value
of ascitic fluid lactic dehydrogenase, protein, andWBC levels,”
Archives of Internal Medicine, vol. 138, no. 7, pp. 1103–1105,
1978.

[5] R. W. Light, “The light criteria: the beginning and why they are
useful 40 years later,” Clinics in Chest Medicine, vol. 34, no. 1,
pp. 21–26, 2013.

[6] J. A. Lott and E. Nemensanszky, “Lactate dehydrogenase,” in
Clinical Enzymology, a Case Oriented Approach, J. A. Lott
and P. L. Wolf, Eds., pp. 213–244, Year Book Medical, New
York, NY, USA, 1987.

[7] A. Verma, J. Abisheganaden, and R. W. Light, “Identifying
malignant pleural effusion by a cancer ratio (serum LDH: pleu-
ral fluid ADA ratio),” Lung, vol. 194, no. 1, pp. 147–153, 2016.

[8] F. Swan Jr., W. S. Velasquez, S. Tucker et al., “A new serologic
staging system for large-cell lymphomas based on initial beta
2-microglobulin and lactate dehydrogenase levels,” Journal of
Clinical Oncology, vol. 7, no. 10, pp. 1518–1527, 1989.

[9] H. Yaziji, H. Battifora, T. S. Barry et al., “Evaluation of 12
antibodies for distinguishing epithelioid mesothelioma from
adenocarcinoma: identification of a three-antibody immuno-
histochemical panel with maximal sensitivity and specificity,”
Modern Pathology, vol. 19, no. 4, pp. 514–523, 2006.

[10] N. G. Ordóñez, “What are the current best immunohisto-
chemical markers for the diagnosis of epithelioid mesotheli-
oma? A review and update,” Human Pathology, vol. 38,
no. 1, pp. 1–16, 2007.

[11] M. T. Bustamante-Teixeira, E. Faerstein, and M. R. Latorre,
“Survival analysis techniques,” Cadernos de Saúde Pública,
vol. 18, no. 3, pp. 579–594, 2002.

[12] S. Mallett, P. Royston, R. Waters, S. Dutton, and D. G. Altman,
“Reporting performance of prognostic models in cancer: a
review,” BMC Medicine, vol. 8, no. 1, pp. 21–31, 2010.

0.0

0.00 10.00 20.00
Follow-up in months

30.00 40.00 50.00

0.4

0.2

0.6

Cu
m

 su
rv

iv
al

0.8

1.0

Survival functions

Serum LHD level
<210.5
⩾210.5

<210.5 censored
⩾210.5 censored

Figure 6: Kaplan–Meier survival curves depicting OS according to
the serum LDH level. The OS rate of patients with high serum
LDH level was significantly lower than that of patients with low
serum LDH level (P = 0 008).

7Gastroenterology Research and Practice

http://onlinelibrary.wiley.com/doi/10.1111/1751-2980.12518/abstract;jsessionid=0377D90903259CB9049DE12B9F0A1FAC.f04t01
http://onlinelibrary.wiley.com/doi/10.1111/1751-2980.12518/abstract;jsessionid=0377D90903259CB9049DE12B9F0A1FAC.f04t01
http://onlinelibrary.wiley.com/doi/10.1111/1751-2980.12518/abstract;jsessionid=0377D90903259CB9049DE12B9F0A1FAC.f04t01


[13] L. A. Lambert, “Looking up: recent advances in understanding
and treating peritoneal carcinomatosis,” CA: A Cancer Journal
for Clinicians, vol. 65, no. 4, pp. 284–298, 2015.

[14] N. van Zandwijk, C. Clarke, D. Henderson et al., “Guidelines
for the diagnosis and treatment of malignant pleural mesothe-
lioma,” Journal of Thoracic Disease, vol. 5, no. 6, pp. E254–
E307, 2013.

[15] S. Bielsa,A. Salud,M.Martínez et al., “Prognostic significance of
pleuralfluiddata inpatientswithmalignant effusion,”European
Journal of Internal Medicine, vol. 19, no. 5, pp. 334–339,
2008.

[16] E. Martínez-Moragón, J. Aparicio, J. Sanchis, R. Menéndez,
M. C. Rogado, and F. Sanchis, “Malignant pleural effusion:
prognostic factors for survival and response to chemical pleur-
odesis in a series of 120 cases,” Respiration, vol. 65, no. 2,
pp. 108–113, 1998.

[17] M. Hirata, A. Nagai, Y. Kamatani et al., “Overview of BioBank
Japan follow-up data in 32 diseases,” Journal of Epidemiology,
vol. 27, no. 3, pp. S22–S28, 2017.

[18] J. A. Nagy, K. T. Herzberg, J. M. Dvorak, and H. F. Dvorak,
“Pathogenesis of malignant ascites formation: initiating events
that lead to fluid accumulation,” Cancer Research, vol. 53,
no. 11, pp. 2631–2643, 1993.

[19] B. A. Runyon, J. C. Hoefs, and T. R. Morgan, “Ascitic fluid
analysis in malignancy-related ascites,” Hepatology, vol. 8,
no. 5, pp. 1104–1109, 1988.

[20] L. L. Huang, H. H. Xia, and S. L. Zhu, “Ascitic fluid analysis in
the differential diagnosis of ascites: focus on cirrhotic ascites,”
Journal of Clinical and Translational Hepatology, vol. 2, no. 1,
pp. 58–64, 2014.

[21] M. Ikeda, H. Furukawa, H. Imamura et al., “Poor prognosis
associated with thrombocytosis in patients with gastric can-
cer,” Annals of Surgical Oncology, vol. 9, no. 3, pp. 287–291,
2002.

[22] P. R.Ding, X.An, R. X. Zhang et al., “Elevated preoperative neu-
trophil to lymphocyte ratio predicts risk of recurrence following
curative resection for stage IIA colon cancer,” International
Journal of Colorectal Disease, vol. 25, no. 12, pp. 1427–1433,
2010.

[23] I. Serganova, A. Rizwan, X. Ni et al., “Metabolic imaging: a link
between lactate dehydrogenase A, lactate, and tumor pheno-
type,” Clinical Cancer Research, vol. 17, no. 19, pp. 6250–
6261, 2011.

[24] Y. Zhuo, L. Lin, S. Wei, and M. Zhang, “Pretreatment elevated
serum lactate dehydrogenase as a significant prognostic factor
in malignant mesothelioma: a meta-analysis,” Medicine,
vol. 95, no. 52, article e5706, 2016.

[25] J. Zhang, Y. H. Yao, B. G. Li, Q. Yang, P. Y. Zhang, and H. T.
Wang, “Prognostic value of pretreatment serum lactate dehy-
drogenase level in patients with solid tumors: a systematic
review and meta-analysis,” Scientific Reports, vol. 5, no. 1,
p. 9800, 2015.

[26] T. Pfeiffer, S. Schuster, and S. Bonhoeffer, “Cooperation and
competition in the evolution of ATP-producing pathways,”
Science, vol. 292, no. 5516, pp. 504–507, 2001.

[27] A. Verma, C. K. Phua, W. Y. Sim et al., “Pleural LDH as a
prognostic marker in adenocarcinoma lung with malignant
pleural effusion,” Medicine, vol. 95, no. 26, article e3996,
2016.

[28] Y. F. Liang, G. Q. Zheng, Y. F. Chen, H. Song, W. J. Yin, and
L. Zhang, “CT differentiation of diffuse malignant peritoneal
mesothelioma and peritoneal carcinomatosis,” Journal of Gas-
troenterology and Hepatology, vol. 31, no. 4, pp. 709–715,
2016.

[29] S. Su, G. Zheng, Y. Liu et al., “Malignant peritoneum mesothe-
lioma with hepatic involvement: a single institution experience
in 5 patients and review of the literature,” Gastroenterology
Research and Practice, vol. 2016, Article ID 6242149, 12 pages,
2016.

8 Gastroenterology Research and Practice


	Prognostic Significance of Blood, Serum, and Ascites Parameters in Patients with Malignant Peritoneal Mesothelioma or Peritoneal Carcinomatosis
	1. Introduction
	2. Material and Methods
	2.1. Subjects
	2.2. Statistical Analysis
	2.3. Limitation

	3. Results
	3.1. Patients’ Characteristics
	3.2. OS
	3.3. Serum and Ascites Albumin Levels and Serum-Ascites Albumin Gradients
	3.4. Ascites Glucose Levels
	3.5. Ascites Coenocyte and Monocyte Numbers, Coenocyte-to-Monocyte Ratios, and NLRs
	3.6. Serum and Ascites LDH Levels and Ascites-Serum LDH Ratios

	4. Discussion
	5. Conclusions
	Abbreviations
	Consent
	Disclosure
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

