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Background: Lysophosphatidic acid (LPA) is an important extracellular signal transmitter and intracellular
second messenger in body fluids. It can be detected in the ascitic fluid of patients with ovarian cancer.
Increasing evidence shows that LPA can stimulate cancer cell proliferation and promote tumor invasion and
metastasis. Our study aimed to evaluate the diagnostic value of LPA in differentiating between malignant
pleural effusions (MPEs) and benign pleural effusions (BPEs) and to evaluate the association between the
level of LPA in MPE and the prognosis of lung cancer patients.

Patients and methods: The level of LPA in the pleural effusions (PEs) of 123 patients (94 MPE,
29 BPE) with lung cancer was evaluated using an enzyme-linked immunosorbent assay. The performance of
LPA was analyzed by standard Receiver operator characteristic curve (ROC) analysis methods, using the area
under the curve (AUC) as a measure of accuracy. Overall survival (OS) curves and progression-free survival
(PES) curves were based on the Kaplan-Meier method, and the survival differences between subgroups were
analyzed using the log-rank or Breslow test (SPSS software). A multivariate Cox proportional hazards model
was used to assess whether LPA independently predicted lung cancer survival.

Results: The levels of LPA differed significantly between MPE (22.08+8.72 pg/L) and BPE (14.61+5.12 pg/L)
(P<0.05). Using a cutoff point of 18.93 pg/L, LPA had a sensitivity of 60% and a specificity of 83% to
distinguish MPEs from BPEs with an AUC of 0.769+0.045 (SE) (P=0.000) (95% CI, 0.68-0.857). In the
three pathological types of lung cancer patients with MPE, there were no significant associations between
LPA levels and the length of PFS and OS (P=0.58 and 0.186, respectively). Interestingly, in the patients
with MPE caused by lung adenocarcinoma there were significant associations between the LPA levels and
the PFS and OS (P=0.018 and 0.026, respectively). Multivariate analysis showed that the LPA level was an
independent prognostic factor for PFS in lung adenocarcinoma.

Conclusions: Our results indicate that LPA can be used as a new biomarker for the diagnosis of MPE caused

by lung cancer and that higher levels of LPA are related to shorter PFS in adenocarcinoma of the lung.
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Introduction

Malignant pleural effusion (MPE), the accumulation of
pleural fluid due to metastasis of cancer to the pleural
space, is a common clinical manifestations with an annual
incidence rate of approximately 500 patients/million
in the United States (1,2). Malignancies account for
approximately 40% of all pleural effusions; lung cancer is
the most common metastatic tumor associated with MPE
(3,4). In fact, at the time of diagnosis, 14% of patients with
non-small-cell lung cancer have a pleural effusion, because
this cancer disseminates to the pleura, approximately 50%
will eventually develop a pleural effusion (5). Whereas, the
most common causes of benign pleural effusion (BPE) are
tuberculosis and pneumonia. Therapeutic management
differs for these two types of effusions; therefore, it is
clinically important to differentiate between them rapidly
and accurately. Finding malignant cells, in either the pleural
fluid by cytological examination or in a pleural biopsy, has
traditionally been the primary diagnostic method for MPE (6).
However, it is often difficult to find malignant cells in MPE,
and because pleural biopsy is an invasive procedure it is not
readily accepted by some patients. Although several tumor
markers, such as carcinoembryonic antigen (CEA), cancer
antigen 125 (CA-125), and cytokeratin fragment 19 (CYFRA
21-1), can assist the diagnosis of MPE, their specificity and
sensitivity are limited (7). Therefore, new indices that are
more accurate are needed. Several factors that participate in
the formation of pleural effusion been identified; however,
our current understanding of the basic mechanisms by
which effusion accumulates within the pleural space is poor.
Metastasis of tumor cells into the pleural space may lead to
production of large amounts of PE. In addition, angiogenic
factors released by the infiltrated tumor cells or stromal
cells play an important role in the development of PE (8).

Lysophosphatidic acid (LPA) is a bioactive phospholipid
signaling mediator that is present in almost all mammalian
cells and tissues (9). Recent research indicates that LPA
promotes the proliferation and invasion of cancer cells (10)
and regulates tumor angiogenesis (9). Iz vitro experiments
found that A549 lung carcinoma cells express endogenous
LPA receptors and that LPA can activate this receptor,
enhance the degradation of the p53 tumor suppressor and
thereby allow cancer cell proliferation and motility (11)
{Murph, 2007 #6516}. Therefore, LPA also plays an
important role in lung cancer.

Previous studies reported that malignant effusions
contained LPA-like activity, but they primarily evaluated
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ascites of ovarian cancer patients (12), and the method for
detecting LPA, by the neurite retraction assay, was limited.
Most importantly, whether LPA is actually present in MPE
and whether there is a significant difference in LPA levels
between MPE and BPE remained unknown.

The aims of our study were to explore the diagnostic
value of LPA in differentiating between MPE and BPE and
to evaluate the prognostic value of LPA in MPE caused by
lung cancer.

Patients and methods
Patients

This retrospective cohort study included 123 patients with
PE who were hospitalized in the Respiratory Department,
Nanjing General Hospital of Nanjing Military Command
in China, from September 2009 through September 2013.
Written consent was obtained from all the patients who
participated in this study. Twenty-nine patients (20 males and
nine females; mean age, 61.21 years) had BPEs, and 94 had
MPEs caused by lung cancer (55 males and 39 females; mean
age, 63.29 years). Only patients diagnosed with primary
malignancies were included; otherwise they were excluded.

Diagnostic criteria for pleural effusions

In our study, BPE mainly included tuberculosis PE (TPE)
and parapneumonic PE. The diagnostic criteria for TPE
were as follows: identification of M. tuberculosis, pleural
biopsy revealing granulomatous tissue and positive response
to anti-tuberculosis treatment. Pleural effusions were
considered pneumonic if they had the following these
characteristics: an acute febrile condition along with cough,
yellow sputum, chest CT with pulmonary infiltration,
leukocytosis with neutrophilic predominance in the PE and
response to antibiotic treatment. The diagnostic criteria for
MPE were malignant cells present either in the cytology of
the pleural fluid or seen on histopathologic examination of
a biopsy specimen of the pleura.

Sample collection and biochemical analyses

Pleural effusions were collected by routine thoracentesis
performed after patients gave written the consent. Samples
were centrifuged at 1,500 xg for 10 min at -4 °C. The
supernatants were dispensed into 1.5 mL Eppendorf tubes
and were stored at —80 °C. LPA was determined using a
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Table 1 Descriptive statistics of patient characteristics

Variables MPE (n=94) BPE (n=29) P value
Age 63.29+12.31 61.21+18.18 0.568
Male/female 55/39 20/9 0.3
Smoke/non-smoke 47/47 18/11 0.225
MPE

Adenocarcinoma 74 (78.7%)

Squamous cell 12 (12.8%)

carcinoma
Small cell lung 8 (8.5%)
carcinoma

Cytology
Positive 28 (29.8%)
Negative 66 (70.2%)

MPE, malignant pleural effusions; BPE, benign pleural effusions.

commercial human LPA ELISA Kit (CUSABIO, China;
Catalog Number CSB-EQ 028005HU). The assay was
performed following the manufacturer instructions. The
technicians were blinded to the clinical data.

Statistical methods

Statistical analyses were performed with SPSS Software
17.0. Patient demographics and disease characteristics
were summarized using descriptive statistics. The student’s
t-test was used to assess the difference of the LPA level
between MPE and BPE. One-way ANOVA was used to
compare the difference of LPA level in subgroups of MPE
(adenocarcinoma, squamous cell carcinoma and small cell
lung carcinoma) patients. Receiver operator characteristic
curve (ROC) analysis was used to select the threshold
value of LPA that best differentiated MPE from BPE,
specifically the value that maximized the sum of specificity
and sensitivity. OS was defined as the time interval from
the date of diagnosis to the date of death from any cause or
to the date on which the patient was last known to be alive.
PFS was defined as the interval from the date of diagnosis
to the date that progression was detected or to the date
when the patient was last known to be disease free.
Kaplan-Meier survival curves were used to examine the
associations between the LPA concentration and the OS
and PFS; significance of these associations was analyzed
using the log-rank or Breslow test. A multivariate Cox
proportional hazards model was used to assess whether
LPA was an independent predictor of survival. For the
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above comparisons, P<0.05 was considered statistically
significant.

Results

Our study was carried out with 123 patients (75 males and
48 females; age range, 17-83 years) with MPE (94 MPE)
caused by lung cancer or BPE (29 BPE) caused by tuberculous
pleuritis or pneumonia. The patient characteristics are
shown in Tuble 1. There were no significant differences
in gender, age, and smoking history between the MPE
and BPE groups (P>0.05). Of the MPE cases, 74 (78.7%)
had adenocarcinoma, 12 (12.8%) squamous carcinoma and
eight (8.5%) small cell lung cancer. The MPE cytology
results were 28 (29.8%) positive and 66 (70.2%) negative.
There were 19 patients with TBE and ten with pneumonic
PE in BPE group.

LPA levels in PE

As shown in Figure 14, the level of LPA was significantly
higher in patients with MPE (22.08+8.72 pg/L) than in
those with BPE (14.61+5.12 pg/L; P=0.000). Subgroup
analysis (Figure 1B) found that the levels of LPA in MPEs
caused by adenocarcinoma, squamous cell carcinoma
and small cell lung carcinoma, 22.01+9.28, 20.76+4.65,
and 24.75+8.72 pg/L, respectively, were not significantly
different (P=0.603).

Relationship between LPA concentration and
clinicopathologic factors in lung cancer patients with MPE

Because the mean LPA concentration was significantly
higher in MPEs than in BPEs, we evaluated the relationship
between the levels of LPA and gender, age, smoking history,
histologic type of tumor, and a positive cytology result.
However, as shown in 7able 2, no significant associations
between LPA concentration and these clinicopathologic
factors were found.

Discriminative power of LPA in MPE

ROC curve was created to find sensitivity and specificity of
LPA in MPE versus BPE group. The area under the ROC
curve was 0.769£0.045 (SE) (P=0.000, 95% CI, 0.68-0.857).
Using a threshold value of 18.93 pg/L, LPA had a sensitivity
of 60%, a specificity of 83%. The ROC curve is shown in
Figure 2.
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Figure 1 (A) Comparisons of LPA levels between MPE and BPE. The value between the MPE and BPE groups (22.08+8.72 versus
14.61+5.12) has significant difference. P=0.000. (B) Subgroups comparisons of LPA levels in MPE caused by adenocarcinoma, squamous cell
carcinoma and small cell lung carcinoma. No significant differences were found among the three groups (P=0.603). LPA, lysophosphatidic

acid; MPE, malignant pleural effusions; BPE, benign pleural effusions.

Table 2 LPA concentration in pleural effusion of lung cancer patients 10 ROC curve
. . No. of  LPA (ug/L),
Clinical variables ) P value
patients mean + SD
Age (years) 0.41 0.8 -
=60 56 20.68+9.30
<60 38 21.20+7.84
0.6 1
Gender 0.789 2
Male 55  21.87+8.10 =
Female 39 22.48+9.63 (% 0.4
Smoke condition 0.838
Smoke 47 22.27+8.03
Non-smoke 47 21.90+9.44 021
Histologic type 0.603
Adenocarcinoma 74 22.01+9.28 0.0 , , . .
Squamous cell carcinoma 12 20.76+4.65 0.0 0.2 04 06 0.8 1.0
1-Specificity
Small cell lung cancer 8 24.75+8.19 ) . ' '
Gyiialents GEmElEs 0.934 Figure 2 ROC of LPA for t.he dlagnosls'o‘f.I\/IPE s. BPE: T.he plot
Positi o S oNes was constructed by computing the sensitivity vs. (1-specificity) for
ositive 1011,
the different possible cutoff points of the LPA ELISA assay. ROC,
Negative 66 21.23+11.68 . . e
— receiver operator characteristic curve; LPA, lysophosphatidic acid;
LPA, lysophosphatidic acid. MPE, malignant pleural effusions; BPE, benign pleural effusions.
Prognostic value of LPA among MPE patients Figure 34,B showed no significant differences in the OS

rate [P=0.580, Log-rank (Mantel-Cox)] and the PFS rate

For this analysis, the patients with MPE were divided into
[P=0.186, Log-rank (Mantel-Cox)] between the high LPA

two groups based on the LPA level in their PE, either
above or below the median LPA concentration, 20.57 pg/L. and low LPA concentration groups.
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Figure 3 Kaplan-Meier analysis for OS and PFS according to the level of LPA in MPE. Data were dichotomized at the median value for each
parameter. (A,B) LPA in MPE caused by the three types of lung cancer; (C,D) LPA in MPE caused by lung adenocarcinoma. For Figure 3C,

when using Log-rank test, it didn’t reach a statistical significance (P=0.076), while using Breslow (Generalized Wilcoxon) test reach a

statistical significance (P=0.018). The Figure 3 showed a P value using the latter test method. OS, overall survival; PFS, progression-free

survival; LPA, lysophosphatidic acid; MPE, malignant pleural effusions.

We also carried out a subgroup analysis based on the
three types of lung cancer. The number of patients with
MPE caused by squamous cell carcinoma and small cell lung
carcinoma was too small to provide meaningful statistical
results, so we only further analyzed the relationship between
the LPA concentration and patient’s OS and PFS in patients
with adenocarcinoma of the lung in the MPE group. The
median LPA level, 20.34 pg/L, was used to separate these
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patients into high and low LPA concentration groups. The
median OS intervals were 20.67 and 9.7 months, respectively,
for the patients in the low and high LPA concentration
groups [P=0.018, Breslow (generalized Wilcoxon);
P=0.076, Log-rank (Mantel-Cox)] as depicted in Figure 3C.
The median PFS intervals were 6.53 and 3.47 months,
respectively, for the patients with low and high LPA
concentrations [P=0.026, Log Rank (Mantel-Cox); P=0.009,
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Table 3 Cox regression analysis of PFS in patients with lung

adenocarcinoma
e’ SE P value B
LPA 0.028 0.013 0.034 1.029

Model ¥*:4.527 (P=0.041). PFS, progression-free survival;
LPA, lysophosphatidic acid; B, regression coefficient; SE,
standard error; €*, HR (hazard ratio).

Breslow (generalized Wilcoxon)] as depicted in Figure 3D.

Multivariate cox proportional bazards analysis

LPA concentration and other factors, including gender, age,
smoking history, p-T status, lymph node metastasis and
extrapulmonary distant metastasis, were analyzed by Cox’s
proportional hazards regression models in the 74 patients
with MPE caused by adenocarcinoma of the lung. We found
that LPA concentration was an independent prognostic
factor for PFS (P=0.034) but not for OS (P=0.112). Only
LPA level was retained as a significant variable in the
forward regression model, when controlling for other
variables, based on the likelihood ratio test (Tuble 3).

Discussion

This is the first study to investigate the potential of LPA,
measured by ELISA, as a possible marker to differentiate
MPE due to lung cancer from BPE. We not only showed
that the level of LPA was higher in MPE than in BPE,
but also that LPA concentration was an independent
prognostic factor for PFS in patients with MPE who had
adenocarcinoma of the lung.

LPA is a naturally occurring phospholipid produced by
activated platelets, mesothelial cells, fibroblasts, adipocytes
and some cancer cells (10,13) and now is recognized as
an extracellular lipid mediator that evokes growth-factor-
like responses in almost every cell type (10). LPA was first
detected in serum and ascites from ovarian cancer patients.
In 1998, Westermann ez 4/. (12) found that malignant
effusions contained LPA-like activity using a bioassay of
neurite retraction in differentiated NIE-115 neuroblastoma
cells described by Jalink er a/. (14). Their study included
malignant effusions caused by various types of cancers,
but not benign effusion as a control group. Furthermore,
malignant effusions caused by each type of cancer had a
limited number of samples and only seven samples were
from non-small lung cancer. That study’s primary finding
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was that the LPA-like activity in the effusions of ovarian
cancer patients was significantly higher than in the effusions
caused by other cancers.

In our study, we focused on MPE caused by lung cancer
and we compared the levels of LPA between MPE and BPE
using an ELISA to measure LPA, a more accurate detection
method in a larger study population than that reported by
Westermann et al. ROC curves for MPE versus BPE were
analyzed and the cutoff value of 18.93 pg/L had a sensitivity
of 60% and a specificity of 83%. Other tumor markers, such
as CEA, CA-125, and CYFRA 21-1 have been widely used to
distinguish between MPE and BPE. Huan-Zhong Shi et al.
performed a meta-analysis of forty-five studies and found
that the sensitivity and specificity of CEA for the diagnosis
of MPE were 54% and 94%, respectively (15). Another
meta-analysis reported that the sensitivity/specificity of
these tumor markers for the diagnosis of MPE were as
follows: CA 125, 48%/85%; and CYFRA 21-1, 55%/91%,
respectively (16). In contrast, the specificity of LPA for the
diagnoses of MPE was slightly lower than that of these
tumor markers. However, much less research has been
conducted on the diagnostic value of LPA in MPE than
on these tumor markers, and the 123 PE samples in our
study were too few to support definitive recommendations.
Therefore, our results only suggest that LPA could be a
new informative tumor marker for the diagnosis of MPE
caused by lung cancer. More high quality studies with larger
samples need to be performed.

LPA, an inducer of cell proliferation, migration and
survival, has actions that are concordant with many of the
‘hallmarks of cancer’ (17) and suggestive of a role for LPA
in the initiation or progression of malignant disease (10).
In our study, we evaluated the prognostic value of LPA in
MPE caused by three pathological types of lung cancer
and in MPE caused only by adenocarcinoma of the lung.
We found that LPA concentration was not significantly
associated with the OS or PFS of the three types of lung
cancer. These results agreed with those reported by
Westermann et a/. (12). However, when we only considered
the patients with MPE caused by lung adenocarcinoma we
found that those patients with a lower LPA concentration in
their MPE survived markedly longer (20.67 months, median
OS) than patients with a higher LPA concentration in their
MPE (9.7 months, median OS) based on univariate analysis
of OS and PFS. Multivariate Cox proportional hazards
analysis found that LPA concentration was significantly and
independently associated with PES but not with OS. These
findings mean that patients with lower LPA concentrations
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in their MPE have a longer PFS than those with higher
LPA concentrations. Westermann et /. (12) reported that
disease free and overall survival were not in any way linked
to LPA-equivalent levels in malignant effusions. The reason
for these different results may be that they evaluated MPE
due to various cancers; whereas, we specifically analyzed
MPE caused by lung adenocarcinoma. Accordingly, we
propose that LPA may contribute to the progression of
MPE caused by lung adenocarcinoma.

Several potential biologic mechanisms might explain
our findings and are worthy of further study. One possible
explanation is that LPA stimulates lung adenocarcinoma
cells more than it stimulates squamous cell or small cell
growth at concentrations just as LPA present in ascitic
fluid markedly stimulates ovarian tumor growth (18).
Therefore, those patients with both lung adenocarcinoma
and a higher LPA level in their MPE had a shorter OS and
PFS time. Furthermore, LPA has been found to stimulate
hypoxia-inducible factor-1-independent VEGF expression
that promotes angiogenesis and vascular permeability and
leads to ascites formation (18-20). Xiaoyu Xu found that
LPA antagonist BrP-LPA inhibited tumor growth and
angiogenesis in an engineered three-dimensional lung
cancer xenograft model (20). According to our clinical
results and these previous studies, we propose that LPA
facilitates MPE caused by lung adenocarcinoma by
promoting angiogenesis and that LPA may be a potential
target for MPE therapy. However, these are only our
hypotheses. Additional studies with larger number of
samples are necessary to determine whether or how LPA
affects the pathogenesis of pleural effusions in lung cancer.

Conclusions

Our findings indicate that the level of LPA in PE can assist
to distinguish MPE from BPE and the level of LPA in MPE
is inversely related to the length of OS and PFS in lung
adenocarcinoma. LPA may contribute to the progression of
MPE caused by lung adenocarcinoma. We believe that LPA
may be a therapeutic target to reduce or inhibit MPE (12).
Additional studies that are more extensive are needed
to understand the role and mechanism of LPA in the
formation of MPE.
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