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Introduction

Most cancers can be complicated with malignant pleural
effusion (MPE)' and it is reported that 15% of patients
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Abstract

Background: The objective of our study was to analyze the prognostic value of
the combination of serum ALP and pleural effusion LDH (AL score) for malig-
nant pleural effusion (MPE) patients.

Methods: This study includes retrospective, descriptive and observational
research from 1 June 2006 to 1 December 2017, which aimed to identify prog-
nostic factors related to MPE patients. We analyzed the association of various
clinical features, routinely tested markers from peripheral blood and MPE at
diagnosis and overall survival (OS). All MPE patients were assigned to three
groups according to their AL score. The impact of the AL score and other prog-
nostic factors were evaluated with multivariable regression.

Results: According to their AL score, 193 patients were assigned to three groups
with 25 in group 0 (sALP <65 U/L and pLDH <155 U/L), 121 in group
1 (sALP > 65 U/L or pLDH > 155 U/L) and 47 (sALP > 65 U/L and pLDH > 155
U/L) in group 2. For groups 0, 1 and 2, median survival times (MST) were
23, 15 and 7 months, respectively. Among the three groups, MST, serum albumin
level, C reactive protein, erythrocyte sedimentation rate, the ratios of platelet-to-
lymphocyte, neutrophil-to-lymphocyte showed significant differences. The counts
of neutrophils, monocytes, platelets and AL score (0 vs. 1, P = 0.038, hazard ratio
[HR]: 1.858, 95% confidence interval [CI]: [1.034, 3.339]; 0 vs. 2, P = 0.001, HR:
2.993, 95% CI: [1.556, 5.531]) were independent prognostic indicators for OS of
MPE patients.

Conclusion: AL score is a promising indicator which can be used to predict the
prognosis of MPE patients. It can assist physicians in the selection of patients for
appropriate palliative treatment.

Key points

To our knowledge, this paper is the first study that combined two enzymes
(sALP and pLDH) from serum and pleural effusion and studied the prognostic
value for MPE patients. It has been proved to be a promising indicator to assist
physicians select patients for appropriate palliative treatment.

with lung cancer have MPE at diagnosis which implies sys-
temic metastasis of cancer” The life quality of MPE
patients is usually compromised because of distressing
symptoms, such as coughing, dyspnea, and chest pain.**
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It has been reported that LENT prognostic score system
(pleural fluid lactate dehydrogenase, Eastern Cooperative
Oncology Group performance score, neutrophil-to-
lymphocyte ratio and tumor type) and some molecular
markers could be used to predict survival of MPE patients.?
In view of the cost of treatment for MPE and its potential
complications, it is suggested that cost-effective and reliable
prognostic indicators that might assist physicians in the
precise prediction of survival time for MPE patients should
be found.

Nowadays, more and more attention is being paid to the
prognostic value of the change of several enzymes in can-
cer patients. The abnormal synthesis of enzymes exists in
the process of the transformation from normal to cancer
cells and tumor proliferation.” Some indicators routinely
tested in clinical practice, such as alkaline phosphatase
(ALP), adenosine deaminase (ADA)® and lactate dehydro-
genase (LDH)” have been investigated to determine their
prognostic values in various malignancies.

ALP is an enzyme which is particularly concentrated in
the liver, kidney, and bone. Researchers report that the ele-
vation of serum ALP level is not only associated with liver
diseases, but is also an indicator of poor outcome in many
kinds of cancers, including esophageal cancer,® colorectal
cancer’ and prostate cancer.'” LDH is a ubiquitous cellular
enzyme, which arises as a result of nonspecific tissue
injury.'"? It has been described that upregulation of the
LDH level can be seen in cancer, closely associated with
the “Warburg effect”, which is the preferential use of gly-
colysis over oxidative phosphorylation in tumor cells."""?

The markers mentioned above from blood or MPE are
obtained by routine detection with the advantage of rapid,
inexpensive, and convenience in clinical practice. Previous
studies have evaluated the prognostic value of serum ALP
(sALP) in various cancers'* and pleural LDH (pLDH) has
been reported to be used as a prognostic marker in MPE
patients,” but the combination of the two markers has not
previously been studied. The objective of the current study
was to investigate the prognostic value of the combination
of serum ALP and pleural effusion LDH (AL score) in
patients with MPE by assessing its predictability for overall
survival.

Methods

Study population

We retrospectively reviewed all patients diagnosed with
MPE at Beijing Chao-Yang Hospital from 1 June 2006 to
1 December 2017. All diagnoses were confirmed by pleural
fluid cytology and/or pleural biopsy. The patients were
selected according to the inclusion criteria as follows:
(i) The results of cytology or histology confirmed the
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diagnosis of malignant pleural effusion; (ii) untreated with
anticancer therapy (including chemotherapy, radiotherapy,
surgery and targeted treatment); (iii) all clinical data were
available. Patients who were treated with anticoagulation
therapy, or had autoimmune disease or significant infec-
tion at diagnosis were excluded from the study. This proto-
col was approved by the Institutional Review Board of
Beijing Chao-Yang Hospital.

Clinical and laboratory data collection

The clinical and laboratory data were collected from medi-
cal records. Clinical and laboratory variables including age,
gender, Eastern Cooperative Oncology Group performance
status (ECOG PS), smoking status, distribution of pleural
effusion (unilateral or bilateral), and serum levels of hemo-
globin (Hb), mean platelet volume (MPV), albumin, C
reactive protein (CRP), LDH, ALP, fibrinogen, D-dimer,
calcium and the counts of white blood cells (WBC), lym-
phocyte, eosinophils from peripheral blood at diagnosis
were collected. Pleural effusion levels of total protein (TP),
total cell number (TCM), LDH, ADA and the proportion
of mononuclear and multinuclear cells were also collected.
We also collected the tumor related variables consisting of
tumor histology and tumor biomarkers such as carcino-
embryonic antigen (CEA), neuron specific enolase (NSE),
squamous cell carcinoma antigen (SCC) and cytokeratin
19 fragment (CYFRA).

The ratios of neutrophil-to-lymphocyte (NLR) and
platelet-to-lymphocyte (PLR) were calculated by dividing
the serum counts of neutrophils and platelets by the count
of lymphocytes respectively. The lymphocyte-to-monocyte
ratio (LMR) was obtained by dividing the serum absolute
count of lymphocytes by the count of monocytes.

Defining cutoff values

The cutoff value of age was determined as median. For
other clinical and laboratory parameters entered into uni-
variate analysis on OS, maximally selected rank statistics
and R software (version 3.03) were used to determine their
optimal cutoff values.'>'® The cutoff values of sALP and
pLDH were defined as 65 U/L and 155 U/L, respectively.

Categorization by AL score

According to the cutoff values of sALP and pLDH
obtained by the above methods, the patients were assigned
to three groups. If patients had a high sALP (>65 U/L) and
high pLDH (>155U/L) at the same time, they were
assigned to group 2 (a score of 2). Patients with only one
elevated parameter were assigned to group 1 (a score of 1).
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The remainder of the patients were assigned to group
0 (a score of 0).

Statistical analysis

We used the SPSS statistical software package version 23.0
(SPSS, Chicago, IL, USA) and R software to perform the
statistical analysis. All statistical tests were two-sided and
variables with P-value < 0.05 were considered statistically
significant. For continuous variables, one-way ANOVA
(analysis of variance) or Mann-Whitney U test and x2 test
was used for comparisons of categorical data. The outcome
in this study was the time from diagnosis to death or last
contact. Kaplan-Meier curves with log-rank were used to
estimate survival and compare curves when necessary. Cox
regression was used to determine the prognostic values of
the markers in MPE patients and the results were pres-
ented as hazards ratio (HR) and 95% confidential inter-
val (CI).

Results

Patient characteristics

During the study period, 458 patients suffered from pleural
effusion, but 171 patients were excluded from the study
because of benign conditions. Among the 287 patients eli-
gible for inclusion, 94 were eventually excluded for the rea-
sons outlined in Figure 1. The baseline characteristics are
summarized in Table 1. In total, 193 patients underwent
diagnostic thoracentesis or medical thoracoscopy and the
diagnosis was confirmed by cytology or biopsy. Most
patients were followed-up until death. In the current study,
145 patients developed the condition and 48 were

Patients with pleural effusion
Jun.2006 - Dec.2017
n =458

|————— | 171 non-malignant conditions

MPE patients
n =287

48 with anticancer therapy
39 with significant infection
7 with autoimmune disease

Participants
n=193

Figure 1 Flowchart demonstrating the process of identifying suitable
patients for inclusion.
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censored. Among the 48 patients, 19 were still alive at the
end of data collection and 29 were lost to follow-up.

The median age was 65 years old, range 21-88. A total
of 99 (51.3%) patients were male; 40.4% of patients were
current or former smokers and 54.9% of patients had an
ECOG PS of 0-2. Patients with adenocarcinoma accounted
for 60.6%. Survival
patients’ medical records and the patients were followed-
up by telephone.

information was collected from

Clinical characteristics related with the
new AL score

According to the score of AL, all patients were classified into
three groups: 25 (12.8%) were assigned to group O0;
121 (61.1%) were in group 1; and 47 (26.1%) were in group
2. Table 1 indicates the clinical and laboratory variables asso-
ciated with AL score. The medians and interquartile range
(IQR) of sALP and pLDH were 88 (70, 111), 250 (115, 590),
respectively. Among the three groups, gender, smoking sta-
tus, ECOG PS, histology, and serum level of Hb, LDH, CEA,
SCC, NSE, and pleural effusion level of ADA, and TP
showed no significant difference. However, median survival
time (MST, P = 0.006), age (P = 0.009), extra pleural metas-
tasis (P = 0.040), WBC (P =0.013), albumin (P = 0.006),
CRP (P < 0.001), CYFRA (P = 0.431), ESR (P < 0.001), NLR
(P < 0.001), PLR (P < 0.001), and LMR (P = 0.049) had sig-
nificant differences among the three groups.

AL score and overall survival

The median survival time of all patients was 13 months.
Table 2 shows the results of the univariate analyses of clinical
and laboratory characteristics. The variables related with
shorter survival time are listed as follows: small cell lung can-
cer (P =0.037), WBC > 3.83 x 10°/L (P = 0.003), neutrophil
count (N) > 3.69 x 10°/L (P < 0.001), monocyte count (M)
> 037 x 10°%L (P =0.002), NLR >4.17 (P =0.001), LMR
<571 (P=0013), fibrinogen >440.2 mg/dL (P = 0.042),
ALP > 65 U/L (P =0.009), CRP > 0.84 mg/dL (P = 0.001),
ESR > 11 mm/hour (P =0.016), CEA >3.49 ng/mL (P=
0.010), NSE >289 ng/mL (P <0.001), pLDH > 155 U/L
(P = 0.012), pleural effusion TP > 53 g/L (P = 0.003). The AL
score was associated with the prognosis of MPE patients (MST
of group 0 vs. 1 vs. 2, 23 vs. 15 vs. 7 months, P = 0.006). In the
multivariable Cox model, all variables which had significant
differences in the univariate analyses were included. Although
age was not statistically significant in the univariate analysis, it
was also included in the multivariate analysis due to clinical
professional considerations. Table 2 shows the variables
which were independent prognostic predictors of shorter OS
in a multivariate analysis: N > 3.69 x 10°/L (P = 0.030),
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Table 1 Patient characteristics according to AL score

AL score for predicting MPE prognosis

AL score

Characteristic All patients (n = 193) 0(n=25) 1(h=121) 2(n=47) P-value

Median survival 13 (6, 23) 23 (9, 34) 15 (7, 22) 7.0(4.4,9.6) 0.006*
(month, IQR)

Age (years), 65 (55,73) 57 (48, 70) 64 (54, 71) 69 (59,77) 0.009*
Median (IQR)

Sex, n (%) - - - - 0.104
Male 99 (51.3) 10 (40.0) 59 (48.8) 30 (63.8) -
Female 94 (48.7) 15 (60.0) 62 (51.2) 17 (36.2) -

ECOG PS, n (%) - - - - 0.740
0-2 106 (54.9) 9(36.0) 71 (58.7) 26 (55.3 -
3-4 87 (45.1) 16 (64.0) 50 (41.3) 21 (44.7 -

Smoking status, n (%) - - - - 0.574
Ever/current 78 (40.4) 9 (36.0) 47 (38.8) 22 (46.8 -
Never 115 (59.6) 16 (64.0) 74 (61.2) 25(53.2 -

Histology, n (%) - - - - 0.943
ADC 117 (60.6) 10 (40.0) 82 (67.8) 25 (53.2) -
SQC 10(5.2) 1(4.0) 6 (5.0) 3(6.4) -
SCLC 10 (5.2) 2 (8.0) 6 (5.0) 2 (4.3) -
Mesothelioma 12 (6.2) 2 (8.0) 8 (6.6) 2(4.3) -
Others 44 (22.8) 10 (40.0) 19 (15.7) 15 (31.8) -

EP metastasis, - - - -

n (%) - - - - 0.040*
Yes 105 (54.4) 17 (68.0) 58 (48.0) 31 (66.0) -
No 88 (45.6) 8(32.0) 63 (52.0) 16 (34.0) -

WBC x 10%/L 6.82 (5.70,8.10) 6.82 (5.77,7.17) 6.70 (5.61, 7.97) 7.50 (6.08, 8.70) 0.013*

Hb g/L 129.55 £ 17.54 128.68 + 16.54 130.26 £ 17.42 128.19 + 18.60 0.764

PLT x 10°/L 257 (211, 316) 233 (179, 3197) 279 (217, 321) 237 (211, 291) 0.330

ALB g/L 34.11 £ 4.55 36.41 + 4.09 34.12 + 4.46 32.87 £ 4.61 0.006*

LDH UL 193 (165, 237) 194 (151, 214) 193 (167, 239) 193 (164, 2403) 0.326

ALP U/L 88 (70, 111) 61 (52, 64) 90 (76, 111) 95 (82, 118) <0.001*

CRP mg/dL 1.27 (0.54, 2.90) 0.69(0.37, 1.77) 1.09 (0.50, 2.13) 2.87 (1.48, 5.78) <0.001*

ESR mm/hour 19 (9,30) 15 (8,26) 18 (8, 26) 25(16, 42) <0.001*

CEA ng/mL 5.43(2.00, 29.46) 1.91 (1.07, 10.39) 7.23(2.01, 35.17) 5(2.25, 18.33) 0.328

SCC ng/mL 0.75(0.50, 1.29) 0.70 (0.55, 0.95) 0.70(0.50, 1.30) 0.80 (0.52, 1.48) 0.952

NSE ng/mL 16.40 (13.31, 23.54) 13.73 (11.46, 20.46) 17.53(13.76, 23.82) 15.95 (13.92, 26.23) 0.645

CYFRA ng/mL 5.08 (2.73, 10.62) 3.16 (1.92, 6.00) 5.09 (2.74, 10.63) 6.60 (3.72, 10.63) 0.431

NLR 3.16 (2.08, 4.44) 2.10(1.46, 3.27) 2.61(1.87, 3.48) 5.11 (4.52, 6.66) <0.001*

LMR 3.15(2.24, 4.56) 4.70 (2.94, 5.83) 3.60 (2.65, 4.64) 1.96 (1.45, 2.49) 0.049*

PLR 181.63 (130.97, 245.10) 114.25 (90.23, 217.51) 162.58 (129.40, 211.64) 252.35(198.61, 288.24) <0.001*

pLDH U/L 250 (115, 590) 91 (58, 110) 162 (120, 596) 314 (169, 622) 0.070

pADA U/L 13(9,17) 13(8,17) 14 (9, 19) 13 (10, 16) 0.394

pTP g/L 47 (43, 52) 48 (44, 54) 47 (43, 52) 46 (42, 50) 0.318

*Statistically significant among the three groups. ADC, adenocarcinoma; AL, combination of serum ALP and pleural effusion LDH; ALB, albumin;
ALP, alkaline phosphatase; CEA, carcinoembryonic antigen; CRP C, reactive protein; CYFRA, Cytokeratin 19 fragment; ECOG PS, Eastern Cooperative
Oncology Group performance status; EP, extra pleural; ESR, erythrocyte sedimentation rate; HB, hemoglobin; IQR, interquartile range; LDH, lactate
dehydrogenase; LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio; NSE, neuron specific enolase; pADA, pleural effusion
ADA; pLDH, pleural effusion LDH; PLR, platelet-to-lymphocyte ratio; PLT, platelet; pTP, pleural effusion total protein; SCC, Squamous cell carcinoma
antigen; SCLC, small cell carcinoma; SQC, squamous cell carcinoma.

M > 0.37 x 10°/L (P = 0.039), PLT <356 X 10°/L (P = 0.013),
and the increase of the AL score (P = 0.001).

With regard to the univariate analysis results, both SALP
and pLDH were prognostic indicators: high sALP and high
pLDH were prognostic indicators related with a shorter OS

(MST of sALP < 65 vs. >65, 22 vs. 12 months, respectively,
P =0.008, Fig2a; MST of pLDH < 155 vs. >155, 35 vs.
13 months, respectively, P = 0.009, Fig 2b). An increase in
the AL score indicated a shorter OS (MST of AL score
0 vs. 1vs. 2,23 vs. 15 vs. 7 months, P < 0.001, Fig 2c).
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Table 2 Univariate and multivariate analyses of overall survival (OS)

X.-Y. Shi et al.

Univariate analysis

Multivariate analysis

Variable HR 95%Cl P-value HR 95%Cl P-value
Age, years - - - - - -
<65 Reference - - - - -
>65 1.095 0.792, 1.516 0.582 - - -
Sex - - - - - -
Female Reference - - - - -
Male 1.254 0.906, 1.735 0.172 - - -
ECOG PS - - - - - -
0-2 Reference - - - - -
3-4 1.368 0.985, 1.900 0.061 - - -
Smoking habit - - - - - -
Ever/current Reference - - - - -
Never 0.848 0.610, 1.179 0.326 - - -
Histology - - - - - -
ADC vs. 1.047 0.752, 1.459 0.784 - - -
SQC vs. 1.128 0.527, 2.414 0.756 - - -
SCLC vs. 2.140 1.046, 4.379 0.037* - - -
Mesothelioma vs. 2.049 0.957, 4.386 0.065 - - -
Others 1.444 0.589, 3.537 0.422 - - -
EP metastasis metastasis - - - - - -
No Reference - - - - -
Yes 1.309 0.946, 1.810 0.104 - - -
WBC x 107/L - - - - - -
<3.83 Reference - - - - -
>3.83 2.391 1.351, 4.232 0.003* - - -
N x 109/L - - - - - -
<3.69 Reference - - - - -
>3.69 2.178 1.467, 3.236 <0.001* 1.594 1.047, 2.427 0.030*
Lx 109/L - - - - - -
<1.32 Reference - - - - -
>1.32 0.727 0.523, 1.013 0.060 - - -
M x 109/L - - - - - -
<0.37 Reference - - - - -
>0.37 1.922 1.284, 2.877 0.002* 1.567 1.023, 2.398 0.039*
Hb g/L - - - - - -
<107 Reference - - - - -
>107 0.701 0.422, 1.163 0.169 - - -
PLT x 109/L - - - - - -
<356 Reference - - - - -
>356 0.595 0.354, 1.000 0.050 0.511 0.301, 0.866 0.013*
NLR - - - - - -
<417 Reference - - - - -
>4.17 1.750 1.246, 2.457 0.001* - - -
LMR - - - - - -
<5.71 Reference - - - - -
>5.71 0.456 0.246, 0.846 0.013* - - -
PLR - - - - - -
<181.36 Reference - - - - -
>181.36 1.270 0.917, 1.759 0.151 - - -
BNP pg./mL - - - - - -
<39.58 Reference - - - - -
>39.58 1.487 0.984, 2.245 0.059 - - -
FIB mg/dL - - - - - -
<440.2 Reference - - - - -
>440.2 1.412 1.013, 1.969 0.042* - - -
ALB g/L - - - - - -

324 Thoracic Cancer 11 (2020) 320-328
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Table 2 Continued

AL score for predicting MPE prognosis

Univariate analysis

Multivariate analysis

Variable HR 95%Cl P-value HR 95%Cl P-value
<29.6 Reference - - - - -
>29.6 0.686 0.463, 1.016 0.060 - - -

LDH U/L - - - - - -
<176 Reference - - - - -
>176 1.270 0.897, 1.797 0.178 - - -

ALP U/L - - - - - -
<65 Reference - - - - -
>65 1.925 1.174, 3.158 0.009* - - -

CRP mg/dL - - - - - -
<0.84 Reference - - - - -
>0.84 1.864 1.300, 2.673 0.001* - - -

ESR mm/hour - - - - - -
<11 Reference - - - - -
>11 1.584 1.090, 2.302 0.016* - - -

CEA ng/mL - - - - - -
<3.49 Reference - - - - -
>3.49 1.556 1.110, 2.183 0.010* - - -

SCC ng/mL - - - - - -
<1 Reference - - - - -
>1 1.360 0.968, 1.911 0.076 - - -

NSE ng/mL - - - - - -
<28.9 Reference - - - - -
>28.9 2.259 1.386, 3.683 0.001* - - -

CYFRA ng/mL - - - - - -
<2.03 Reference - - - - -
>2.03 1.478 0.879, 2.486 0.141 - - -

Distribution of PE - - - - - -
Unilateral Reference - - - - -
Bilateral 1.410 0.877, 2.267 0.157 - - -

pLDH UL - - - - - -
<155 Reference - - - - -
>155 1.954 1.160, 3.290 0.012* - - -

PADA U/L - - - - - -
<19 Reference - - - - -
>19 0.753 0.482, 1.176 0.213 - - -

pTP g/L - - - - - -
<53 Reference - - - - -
>53 1.805 1.223, 2.664 0.003* - - -

AL score - - <0.001* - - 0.001*
0 Reference - - - - -
1 1.876 1.047, 3.361 0.034* 1.858 1.034, 3.339 0.038*
2 2.811 1.492, 5.295 0.001* 2.993 1.556, 5.531 0.001*

ADC, adenocarcinoma; AL, combination of serum ALP and pleural effusion LDH; ALB, albumin; ALP, alkaline phosphatase; BNP, B-type natriuretic
peptide; CAR, C-reaction protein to albumin ratio; CEA, carcino-embryonic antigen; CRP, C-reaction protein; CYFRA, Cytokeratin 19 fragment;
ECOG PS, Eastern Cooperative Oncology Group performance status; EP, extra pleural; ESR, erythrocyte sedimentation rate; FIB, fibrinogen; Hb,
hemoglobin; L, lymphocyte; LDH, lactic dehydrogenase; LMR, lymphocyte to monocyte ratio; N, neutrophil; NLR, neutrophil to lymphocyte ratio;
NSE, neuron specific enolase; pADA, adenosine deaminase in pleural effusion; PLR, platelet to lymphocyte ratio; PLT, platelet; pTP, total protein in
pleural effusion; SCC, squamous cell carcinoma antigen; SCLC, small cell lung cancer; SQC, squamous cell carcinoma; WBC, white blood cell. *Statis-
tically significant prognostic factor identified by univariate/multivariate analysis.

Discussion

With the increase in the worldwide prevalence of cancer
and the improvement of anticancer therapy, the life

Thoracic Cancer 11 (2020) 320-328
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expectancy of cancer patients has been extended and the
burden of malignant pleural effusion is increasing.'”'® It is
reported that 500-700 individuals per million annually suf-
fer from malignant pleural effusion.'” These MPE patients
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Figure 2 Overall survival of the total study population according to (a) serum alkaline phosphatase (SALP), (b) pleural effusion lactate dehydrogenase
(pLDH), (c) the score of combination of serum ALP and pleural LDH (AL score).

are in need of dual management; one targeted at the cancer
itself and the other targeted at the drainage and prevention
of recurrence of MPE.**** Precise prediction of prognosis
is crucial to choosing preventive or individualized treat-
ment for different patients. For patients with MPE, sALP
and pLDH are both routinely tested enzymes. In this study,
we confirmed that AL score was a prognostic predictor for
OS of MPE patients.

The metabolic changes of several enzymes, such as
ALP™ and LDH,” can be the result of the rapid prolifera-
tion and invasion of tumor cells, which might indicate clin-
ical prognosis. It has been reported that the preferential
use of anaerobic glycolytic pathway of tumor cells may
cause the increase of conversion from pyruvate to lactate.
LDH appears to be a key enzyme during this glycolytic
progress. Our findings confirm the relationship between
high pLDH and poor prognosis in MPE patients and indi-
cate validity of pLDH as a predictor of survival in this
population.

In clinical practice, another easily tested enzyme is
serum ALP. Nilsson et al.** reported that ALP is a tumor
related antigen. Additionally, it has been previously
reported that a high ALP activity in the nucleus of cancer
cells is associated with the increase of cancer cell prolifera-
tion. It has been reported that the poor prognosis of many
kinds of cancers, such as prostate cancer'® and nasopha-
ryngeal carcinoma," is related to high serum levels of ALP.
For breast cancer patients, it is suggested that a routine
measurement of SALP before and after surgery as an indi-
cator of recurrence or metastasis is carried out.*

In the high AL score group, inflammation-related
markers such as NLR, PLR and the number of neutrophils,
were higher than in the low score group, which means AL
score has a close relationship with inflammation and
immune activity. Inflammation is a known major driver
for the development of cancer and inflammatory cells play
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a vital role in tumor microenvironment. The tumor micro-
environment is thought to be an indispensable participant
in tumor development, fostering proliferation, tumor sur-
vival and migration.® Numerous studies have shown that
neutrophils, platelets, monocytes and some cytokines, such
as interleukin (IL)-1, IL-6, play a significant role in tumor
progression.”® Recently, various research studies have
assessed various inflammation-related indicators to predict
the prognosis of cancer patients, such as PLR,” NLR/’
LMR.*® Although in the current study, these inflammation-
related indicators are independent prognostic factors, the
effect of AL score on prognosis prediction is much better
than the inflammation-related markers.

To our knowledge, this paper is the first study that has
combined two enzymes (sALP and pLDH) from serum
and pleural effusion and studied the prognostic value of
AL score in MPE patients. However, there are still some
limitations. First, the size of the sample was relatively small
and the study was performed in a single center, which
means a large sized multi-center study is required in the
future. In the current study, all patients were diagnosed by
pleural fluid cytology or biopsy of pleura, which is the crit-
ical cause of the relevant small size of the sample. Second,
this study was retrospective and it therefore seems inevita-
ble that there would be a selection, exclusion, and recall
related bias. Third, this study only included routinely
tested markers from serum and pleural effusion, while
some molecular biomarkers (not routine tests at Beijing
Chao-Yang Hospital) described to have prognostic value
for cancer patients were not considered in our study.
Finally, further studies focused on elucidating the underly-
ing mechanisms are needed.

In total, both pLDH and sALP are markers associated
with tumor development, proliferation and progression,
and researchers have confirmed their values as prognostic
markers in various cancers. When combined, we found
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that AL could serve as a promising prognostic indicator for
patients with MPE which is better than other parameters.
We suggest that it is a useful, rapid, simple and cheap
prognostic indicator for MPE patients. In addition, the
results of this study should be the cornerstone for further
research on sALP, pLDH and management of MPE in the
future. The results will provide valuable information for
clinicians in determining the most appropriate therapeutic
schemes for MPE patients.

In conclusion, AL score can be used to predict the prog-
nosis of patients with MPE. It would assist physicians to
select patients fit for appropriate palliative treatment. More
studies are needed to elucidate the possible underlying
mechanisms and determine novel strategies for improving
the outcome of these patients.

Acknowledgments

This work was supported in part by grants from “1351 Tal-
ents Program” of the Beijing Chao-Yang Hospital (No. W
XZXZ-2017-01 and No. CYXX-2017-35), Beijing Munici-
pal Administration of Hospitals’ Mission Plan (No. SML20
150301), Beijing Nova program (Z171100001117015), Bei-
jing Talents Foundation (2017000021223ZK38.), and
National ~Natural Science Foundation of China
(NO. 31700790 and NO. 8160007).

Disclosure

The author reports no conflicts of interest in this work.

References

1 Feller-Kopman D, Light R. Pleural disease. N Engl ] Med
2018; 378 (8): 740-51.

2 Jeong-Seon R, Hyo Jin R, Si-Nae L et al. Prognostic impact
of minimal pleural effusion in non-small-cell lung cancer.

J Clin Oncol 2014; 32 (9): 960-7.

3 Clive AO, Kahan BC, Hooper CE e a. Predicting survival in
malignant pleural effusion: Development and validation of
the LENT prognostic score. Thorax 2014; 69 (12): 1098-104.

4 Shafiq M, Frick KD, Lee H, Yarmus L, Feller-Kopman D]J.
Management of malignant pleural effusion: A cost-utility
analysis. ] Bronchology Interv Pulmonol 2015; 22 (3):
215-25.

5 Ferreira LMR, Hebrant A, Dumont JE. Metabolic
reprogramming of the tumor. Oncogene 2012; 31 (36):
3999-4011.

6 Terra RM, Antonangelo L, Marjani AW, de Oliveira RL,
Teixeira LR, Pego-Fernandes PM. Pleural fluid adenosine
deaminase (ADA) predicts survival in patients with
malignant pleural effusion. Lung 2016; 194 (4): 681-6.

Thoracic Cancer 11 (2020) 320-328

10

11

12

13

14

15

16

17

18

19

20

21

22

© 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd

AL score for predicting MPE prognosis

Verma A, Phua CK, Sim WY e a. Pleural LDH as a
prognostic marker in adenocarcinoma lung with malignant
pleural effusion. Medicine (Baltimore) 2016; 95 (26): €3996.
Wei XL, Zhang DS, He MM et al. The predictive value of
alkaline phosphatase and lactate dehydrogenase for overall
survival in patients with esophageal squamous cell
carcinoma. Tumour Biol 2015; 37 (2): 1879-87.

Maisano R, Azzarello D, Del MP et al. Alkaline phosphatase
levels as a prognostic factor in metastatic colorectal cancer
treated with the FOLFOX 4 regimen: A monoinstitutional
retrospective study. Tumori 2011; 97 (1): 39-42.

Wanling X, Mari N, Regan MM, Oh WK. Higher prostate-
specific antigen levels predict improved survival in patients
with hormone-refractory prostate cancer who have skeletal
metastases and normal serum alkaline phosphatase. Cancer
2010; 110 (12): 2709-15.

Pfeiffer T, Schuster S, Bonhoeffer S. Cooperation and
competition in the evolution of ATP-producing pathways.
Science 2001; 292 (5516): 504-7.

Verma A, Abisheganaden J, Light RW. Identifying
malignant pleural effusion by a cancer ratio (Serum LDH:
Pleural Fluid ADA Ratio). Lung 2015; 194 (1): 147-53.
Gatenby RA, Gillies R]. Why do cancers have high aerobic
glycolysis? Nat Rev Cancer 2004; 4 (11): 891-9.

Hung HY, Chen JS, Chien Y et al. Preoperative alkaline
phosphatase elevation was associated with poor survival in
colorectal cancer patients. Int J Colorectal Dis 2017; 32 (12):
1775-8.

Lausen B, Hothorn T, Bretz F, Schumacher M. Assessment
of optimal selected prognostic factors. Biom J 2010; 46 (3):
364-74.

Hothorn T, Lausen B. On the exact distribution of
maximally selected rank statistics. Comput Stat Data Anal
2003; 43 (2): 121-37.

Davies HE, Lee YCG. Management of malignant pleural
effusions: Questions that need answers. Curr Opin Pulm
Med 2013; 19 (4): 374-9.

Psallidas I, Kalomenidis I, Porcel JM, Robinson BW,
Stathopoulos GT. Malignant pleural effusion: From bench to
bedside. Eur Respir Rev 2016; 25 (140): 189.

Roberts ME, Neville E, Berrisford RG, Antunes G, Ali NJ.
Management of a malignant pleural effusion: British
Thoracic Society pleural disease guideline 2010. Thorax
2010; 65 (Suppl. 2): ii32.

Shaw P, Agarwal R. Pleurodesis for malignant pleural
effusions. Cochrane Database Syst Rev 2004; 113 (1):
CD002916.

Reddy C, Ernst A, Lamb C, Feller-Kopman D. Rapid
pleurodesis for malignant pleural effusions: A pilot study.
Chest 2011; 139 (6): 1419-23.

Rintoul RC, Ritchie AJ, Edwards JG e a. Efficacy and cost of
video-assisted thoracoscopic partial pleurectomy versus talc
pleurodesis in patients with malignant pleural mesothelioma
(MesoVATS): An open-label, randomised, controlled trial.
Lancet 2014; 384 (9948): 1118-27.

327



AL score for predicting MPE prognosis

23 Nilsson EE, Westfall SD, Mcdonald C, Lison T, Sadler-
Riggleman I, Skinner MK. An in vivo mouse reporter
gene (human secreted alkaline phosphatase) model to
monitor ovarian tumor growth and response to

therapeutics. Cancer Chemother Pharmacol 2002; 49 (2):

93-100.

24 Crivellari D, Price KN, Hagen M e a. Routine tests during
follow-up of patients after primary treatment for operable
breast cancer. International (Ludwig) Breast Cancer Study
Group (IBCSG). Ann Oncol 1995; 6 (8): 769-76.

25 Coussens LM, Werb Z. Inflammation and cancer. Nature
2002; 420 (6917): 860-7.

328  Thoracic Cancer 11 (2020) 320-328

26

27

28

X.-Y. Shi et al.

Jarnicki A, Putoczki T, Ernst M. Stat3: Linking inflammation
to epithelial cancer - more than a "gut" feeling? Cell Div
2010; 5 (1): 14.

Diem S, Schmid S, Krapf M e a. Neutrophil-to-Lymphocyte
ratio (NLR) and Platelet-to-Lymphocyte ratio (PLR) as
prognostic markers in patients with non-small cell lung
cancer (NSCLC) treated with nivolumab. Lung Cancer 2017;
111: 176-81.

Sekine K, Kanda S, Goto Y e a. Change in the lymphocyte-
to-monocyte ratio is an early surrogate marker of the
efficacy of nivolumab monotherapy in advanced non-small-
cell lung cancer. Lung Cancer 2018; 124: 179-88.

© 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd



	 Prognostic value of a new score using serum alkaline phosphatase and pleural effusion lactate dehydrogenase for patients w...
	Introduction
	Methods
	Study population
	Clinical and laboratory data collection
	Defining cutoff values
	Categorization by AL score
	Statistical analysis

	Results
	Patient characteristics
	Clinical characteristics related with the new AL score
	AL score and overall survival

	Discussion
	Acknowledgments
	Disclosure
	References


