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Elevated aspartate aminotransferase and monocyte counts predict 
unfavorable prognosis in patients with malignant pleural mesothelioma
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Limited biomarkers predicting prognosis of malignant pleural mesothelioma (MPM) have been identified. The present 
study aims to assess potential laboratory prognostic factors of MPM. We retrospectively reviewed the clinical data of 105 
patients with MPM. The overall survival and prognostic factors were assessed by Kaplan-Meier curves and Cox regression 
analysis. A receiver operating characteristic (ROC) curve analysis was performed to determine the optimal cut-off values. 
The mean age of the 105 patients (62 men, 43 women) was 56.0 years. The major clinical presentations were dyspnea, cough 
and chest pain. The most common laboratory abnormalities were thrombocytosis and elevated monocyte count. Significant 
prognostic factors on univariate analysis were performance status (PS), serum albumin, aspartate aminotransferase (AST), 
lactate dehydrogenase (LDh), alkaline phosphatase (ALP), monocyte, platelet to lymphocyte ratio (PLR), lymphocyte to 
monocyte ratio (LMR) and treatment strategy. Multivariate analysis showed PS, AST, monocyte, and treatment strategy 
were statistically significant (p<0.05). higher AST level and monocyte count were both related to the presence of anemia 
(p=0.001 and 0.010, respectively) and higher ALP level (p=0.049 and 0.001, respectively). A higher AST level was also as-
sociated with higher alanine aminotransferase (ALT) and LDh level (p<0.05). A higher monocyte count was also correlated 
with male patients, higher white blood cell (WBC), platelet, neutrophil counts, lower red blood cell (RBC) and LMR counts 
(p<0.05). In conclusion, our data show that PS<2, normal AST level, lower monocyte count, and multimodality treatment are 
independent positive prognostic factors of MPM. The elevated AST and monocyte levels represent unfavorable prognostic 
biomarkers of MPM.
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Malignant pleural mesothelioma (MPM) is a lethal disease 
with an increasing incidence worldwide [1,2]. Approximately 
80% of all mesothelioma cases have a pleural origin [3]. 
MPM remains a public health issue and will cause massive 
economic burdens in the following decades due to the previ-
ous widespread use of asbestos materials and the long latency 
between asbestos exposure and disease onset [4]. MPM has 
insidious characteristics and the median duration of symptoms 
is 6 months [5]. The final diagnosis is usually made in an ad-
vanced stage due to its non-specific clinical presentations and 
noncontributory radiological features.

MPM is also a treatment-resistant disease, and there is cur-
rently no established uniform treatment strategy. The median 
overall patient survival is 9-17 months regardless of stage 
[2]. The recommended therapeutic option in selected cases 

is multimodality treatment consisting of surgery followed by 
chemo- and/or radiotherapy. This therapeutic approach is 
associated decreased local recurrences and increased survival 
[3,6]. however, the majority of patients are inoperable at di-
agnosis. Thus, the treatment options include chemo-, radio-, 
immunotherapy or best supportive care.

Serum biomarkers have an important role in the differen-
tial diagnosis and in predicting MPM prognosis. however, 
there are limited serum biomarkers identified at present [1]. 
Patients receive routine blood tests, liver function evaluations, 
and tumor marker analyses at hospital admission. Serum bio-
chemical markers are readily available and the identifying of 
serum biomarkers is critical for improving clinical practice. 
These serum markers are rarely taken into consideration at the 
same time and the majority studies focus on the single role of 
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routine blood tests or markers of liver function evaluations 
[5,6]. Our study aims to simultaneously analyze these mark-
ers and assess the potential prognostic values of laboratory 
examinations in patients with MPM.

Patients and methods

Patients. We conducted a retrospective analysis on 105 
cases with pathologically confirmed MPM who were regis-
tered and followed up in our hospital between April 2007 
and November 2013. Our study was approved by the Ethics 
Committee of harbin Medical University Cancer hospital and 
written informed consent was obtained from each patient. The 
laboratory, clinical, and radiographic variables were defined 
as potential prognostic factors and were measured at the time 
of diagnosis.

The following pretreatment parameters were evaluated 
for prognostic impact: age (≤56 or >56 years), gender, PS 
(performance status, ECOg scale), the presence of pleural 
effusion, tumor location (right or left), serum red blood cell 
(RBC), platelet (≤300,000 or >300,000/µl), white blood cell 
(WBC, ≤10 or >10×109/L), hemoglobin, neutrophil (≤5.89 
or >5.89×109/L), lymphocyte (≤1.265 or >1.265×109/L), 
monocyte (≤0.545 or >0.545×109/L), NLR (neutrophil to 
lymphocyte ratio, ≤4.5 or >4.5), PLR (platelet to lymphocyte 
ratio, ≤155.45 or >155.45), LMR (lymphocyte to monocyte 
ratio, ≤2.36 or >2.36), aspartate aminotransferase (AST, ≤40 
or >40 U/L), alanine aminotransferase (ALT, ≤40 or >40 U/L), 
lactate dehydrogenase (LDh, ≤183.5 or >183.5 U/L), alkaline 
phosphatase (ALP, ≤96.5 or >96.5 U/L), total protein (≤64 
or >64 g/L), albumin level (≤40 or >40 g/L), globulin (≤35 
or >35 g/L), glucose (≤6.1 or >6.1 mmol/L), total bilirubin 
(≤19 or >19 µmol/L), γ-glutamyl transferase (γ-ggT, ≤54 or 
>54 U/L), carcinoembryonic antigen (CEA, ≤5 or >5 ng ml), 
squamous cell carcinoma antigen (SCC, ≤1.5 or >1.5 ng/ml), 
neuron specific enolase (NSE, ≤15 or >15 ng/ml), cancer an-
tigen 125 (CA125, ≤35 or >35 U/ml) and different treatment 
strategies. A low serum RBC level was defined as a red blood 
cell count <3.5 or 4.0×109/L in females and males, respectively. 
Anemia is defined as a hemoglobin value<12 g/dl in men and 
11 g/dl in women. Thrombocytosis was defined with a plate-
let count>300,000/mm³. The NLR, PLR, and LMR values 
were calculated using the neutrophil, platelet, lymphocyte 
and monocyte counts as the ratio of neutrophil and platelet 
counts to lymphocytes or lymphocyte to monocyte counts, 
respectively.

Statistical analysis. A receiver operating characteristic 
(ROC) curve analysis was used to calculate the optimal cut-
off point for neutrophil, lymphocyte, monocyte, LDh, ALP, 
NLR, PLR, and LMR. The relationships between the AST, 
monocyte and the clinico-pathological features were evalu-
ated using the chi-squared test. The survival curves and 95% 
confidence intervals (CIs) were obtained using the Kaplan-
Meier method, and the survival was compared by log-rank 
test. The overall survival time was defined from diagnosis 

to death. If the patients were still alive, then the survival was 
defined from the period of final diagnosis to the last follow-up 
of November 2013. A univariate analysis was used to examine 
the prognostic importance of all factors. The prognostic factors 
with P-value<0.05 in the univariate analysis were examined 
in the multivariate analysis. SPSS 20.0 statistical software was 
used for statistical analysis. All P-values<0.05 were considered 
statistically significant.

Results

Patient characteristics. This study included 105 patients 
(62 men, 43 women). The mean age was 56.0 years (range 
18-77). The PS was ≥2 points in 6 cases (5.7%) and less than 
2 points in 99 cases (94.3%). The median time from initial 
symptoms presented to diagnosis was 2.0 months. The median 
survival time (MST) was 20.0 months and 2 patients survived 
more than 60 months (Figure 1). The survival rates at 1-, 2- 
and 5-years were 68.2%, 40.8% and 13.8%, respectively. The 
most common symptoms at patient presentation were dyspnea 
(69/105, 65.7%), cough (53/105, 50.5%), chest pain (52/105, 
49.5%) and weight loss (27/105, 25.7%). The diagnostic proto-
cols used included open pleural biopsy in 38 patients (36.2%) 
and closed pleural biopsy in 50 patients (47.6%). Cytological 
examinations (cytological analysis and sediment embedding) 
were positive in 17 patients (16.2%). Details are presented in 
Table 1.

Laboratory examinations. Routine blood test and liver 
function test were performed in all 105 patients. The most 
common patient abnormalities included the following: throm-
bocytosis (59/105, 56.2%), elevated monocyte count (55/105, 
52.4%), low serum albumin level (49/105, 46.7%), high r-ggT 
(42/105, 40.9%), ALT (31/105, 29.5%), globulin (29/105, 

Figure 1. Overall survival from the time of diagnosis for the whole 
series.
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27.6%), LDh (20/105, 19.1%) and anemia (19/105, 18.1%). 
There were elevated tumor markers such as CEA, CA125, SCC, 
and NSE observed in 6.6% (5/76), 66.7% (22/33), 5.7% (2/35) 
and 43.2% (16/37) of patients, respectively.

Patient management. There were 15 (14.3%) patients 
treated with best supportive care, 82 (78.1%) with the sin-
gle or combined treatment of chemo-, radio-, immuno- or 
targeted therapy, and 8 (7.6%) with surgery plus adjuvant 
therapies (chemo- and/or radiotherapy). Within the 82 pa-
tients, 67 patients (81.7%) were treated with pemetrexed and 
platinum-based chemotherapy, 8 (9.8%) with gemcitabine or 
vinorelbine and platinum-based chemotherapy, 4 (4.9%) with 
single pemetrexed based chemotherapy, and the rest 3 (3.6%) 
received radio-, immuno- or targeted therapy (bevacizumab). 
The median survival time for all cases was 20.0 months (95% 
CI 13.947-26.053): 2.3, 22.5 and 29.7 for patients treated with 
best supportive care, adjuvant chemoradiotherapy and surgery 
plus adjuvant therapies, respectively.

The cutoff values for neutrophils, lymphocytes, mono-
cytes, LDH, ALP, NLR, PLR, and LMR. The mean (±SD, 
Standart Deviation) neutrophil, lymphocyte and monocyte 
counts were 5.88 (±2.86), 1.74 (±0.62), 0.61 (±0.31)×109/L, 
respectively. The ROC analysis showed the optimal mono-
cyte cut-off value was 0.545 (p=0.034, AUC, 0.621; 95% CI, 
0.512–0.730) for overall survival. The patients were then 

divided into two groups: high monocyte (>0.545×109/L) and 
low monocyte group (≤0.545×109/L). There were 55 (52.4%) 
patients in the high monocyte group and 50 (47.6%) patients 
in the low monocyte group. The neutrophil of 5.89 (p=0.043, 
AUC, 0.616; 95% CI, 0.507–0.724), lymphocyte of 1.265 
(p=0.022, AUC, 0.631; 95% CI, 0.525–0.736), LDh of 183.5 
U/L (p=0.799, AUC, 0.515; 95% CI, 0.404–0.625), ALP of 96.5 
U/L (p=0.003, AUC, 0.667; 95% CI, 0.563–0.771), NLR of 4.5 
(p=0.001, AUC, 0.697; 95% CI, 0.597–0.798), PLR of 155.45 
(p=0.002, AUC, 0.680; 95% CI, 0.577–0.784) and LMR of 2.36 
(p=0.001, AUC, 0.695; 95% CI, 0.594–0.797) were selected as 
the optimal cut-off values.

Univariate analysis. Each pretreatment prognostic factor 
was assessed by univariate analysis. The univariate analysis 
results showed the following were significant prognostic fac-
tors: PS (p<0.001), serum albumin (p=0.029), AST (p=0.004), 
LDh (p=0.016), ALP (p=0.025), monocyte count (p=0.001), 
PLR (p=0.046), LMR (p<0.001) and treatment strategy 
(p=0.002). The role of NLR was not assessed because more 
than 50% patients were still alive in the high NLR group. We 
also analyzed the roles of CEA, CA125, SCC, and NSE by 
univariate analysis. The results revealed that high CEA level 
(n=76, 8.7 vs. 23.0 months, p<0.001) and SCC (n=35, 2.9 
vs. 25.5 months, p<0.001) were associated with poor MPM 
prognosis. however, there was no statistical difference for 
CA125 (n=33, p=0.307) and NSE (n=37, p=0.101). The data 
showed the following factors were correlated with a poor 
prognosis: PS≥2 points, serum albumin≤40 g/L, AST>40 U/L, 
LDh>183.5 U/L, ALP>96.5 U/L, monocyte>0.545×109/L, 
PLR>155.45, LMR≤2.36, CEA>5 ng/ml, SCC>1.5 ng/ml and 
best supportive care (Table 2). The variables examined in the 
final multivariate analysis were PS, serum albumin, AST, LDh, 
ALP, monocyte, PLR, LMR, and treatment strategy.

Multivariate analysis. The multivariate analysis showed 
PS (p<0.001), AST (p=0.031), monocyte count (p=0.012) 
and treatment strategy (p=0.007) were statistically signifi-
cant (Table 3). The hazard ratios of death were observed for 
PS≥2 points (6.178 fold increase compared to PS<2 points), 
monocyte>0.545×109/L (2.666 fold increase compared to 
monocyte≤0.545×109/L) and AST>40 U/L (2.439 fold in-
crease compared to patients with AST level≤40 U/L). The 
factors PS<2 points, normal AST level, low monocyte count, 
and multimodality treatment were independent positive 
prognostic factors for long-term survival (p<0.05). The 
survival curves of the patients for AST and monocyte are 
presented in Figure 2-3.

The association between AST, monocytes counts and 
clinicopathological characteristics. The optimal cutoff point 
of monocyte count to distinguish the differences of overall 
survival were determined to be 0.545×109/L by ROC curves, 
and 40.0 U/L was chosen to be a critical value to determine 
normal or elevated laboratory test of AST. Using these two 
values, we divided all cases into subgroups to assess the correla-
tion of AST and monocyte count with the clinicopathological 
characteristics of patients with MPM. There were 94 (89.5 %) 

Table 1. Clinical characteristics of patients with MPM

Features n %
Age (years)

≤56 53 50.5
>56 52 49.5

gender
Male 62 59.1
Female 43 40.9

Symptoms initially presented
Dyspnea 69 65.7
Cough 53 50.5
Chest pain 52 49.5
Weight loss 27 25.7

PS (performance status, ECOg) 
0-1 99 94.3
2 6 5.7

Diagnostic protocols
Open pleural biopsy 38 36.2
Closed pleural biopsy 50 47.6
Cytological examination 17 16.2

Treatment strategies
Best supportive care group (BSC) 15 14.3
Non-surgical group 82 78.1
Surgical group 8 7.6

Non-surgical group consists of the single or combined treatment of chemo-, 
radio- or immuno- or target therapy. Surgical group consists of the treatment 
of surgery and adjuvant therapies (chemo-, radio- or immunotherapy).
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patients with a AST level≤40 U/L and 11 (10.5 %) patients 
with a AST level>40 U/L. There were 50 (47.6 %) patients with 
a lower monocyte count (≤0.545×109/L) and 55 (52.4 %) pa-
tients with a higher monocyte count (>0.545×109/L). We found 
that higher AST level and monocyte count were both related 
to the presence of anemia (p=0.001 and 0.010, respectively) 
and higher ALP level (p=0.049 and 0.001, respectively). In ad-
dition, a higher level of AST was also associated with higher 
ALT (p<0.001) and LDh level (p=0.018). A higher monocyte 
count was also related to male patients (p=0.010), higher WBC 

Table 2. Univariate analysis results of potential prognostic factors of MPM

Variables O/N* (%) MST#  

(months)
95% CI p value

Age (years) 0.456
≤56 29/53 54.7 22.5 18.456-28.944
>56 30/52 57.7 14.7 11.857-23.143

gender 0.998
Male 36/62 58.1 21.5 16.529-26.471
Female 23/43 53.5 16.5 12.825-20.175

PS <0.001
<2 points 53/99 53.5 22.5 17.164-27.836
≥2 points 6/6 100.0 1.5 0.000-5.305

Tumor location 0.878
Right 34/57 59.6 20.0 12.781-27.219
Left 25/48 52.1 21.5 12.282-30.718

Anemia 0.158
Yes 14/19 73.7 13.0 4.946-21.054
No 45/86 52.3 22.5 17.058-27.942

RBC 0.070
Normal range 50/93 53.8 21.5 16.032-26.968
Below normal 9/12 75.0 8.7 3.662-13.738

Pleural effusions 0.841
Presence 51/90 56.7 19.0 12.636-25.364
Absence 8/15 53.3 20.0 6.292-33.708

WBC (×109/L) 0.103
≤10 44/82 53.7 21.5 15.789-27.211
>10 15/23 65.2 13.0 2.982-23.018

Platelet 0.996
≤300 23/46 50.0 23.0 13.734-32.266
>300 36/59 61.0 18.0 11.252-24.748

AST (U/L) 0.004
≤40 50/94 53.2 23.0 16.956-29.044
>40 9/11 81.8 10.7 7.754-13.646

ALT (U/L) 0.695
≤40 41/74 53.4 22.5 15.324-29.676
>40 18/31 58.1 18.0 9.001-26.999

LDh (U/L) 0.016
≤183.5 44/85 51.8 22.5 16.478-28.522
>183.5 15/20 75.0 13.0 5.092-20.908

ALP (U/L) 0.025
≤96.5 24/58 41.4 29.7 13.801-45.599
>96.5 35/47 74.5 14.7 5.762-23.638

Serum albumin (g/L) 0.029
≤40 31/49 63.3 13.7 8.515-18.885
>40 28/56 50.0 24.0 18.147-29.853

globulin (g/L) 0.764
≤35 41/76 53.9 18.5 9.345-27.655
>35 18/29 62.1 22.5 16.184-28.816

glucose 0.524
≤6.1 52/88 59.1 18.5 11.954-25.046
>6.1 7/17 41.2 23.0 13.907-32.093

Total bilirubin (umol/L) 0.105
≤19 54/98 55.1 21.5 14.978-28.022
>19 5/7 71.4 14.0 0.000-29.485

Variables O/N* (%) MST#  

(months)
95% CI p value

r-ggT (U/L) 0.149
≤54 31/63 49.2 23.7 15.541-31.859
>54 28/42 66.7 14.7 7.053-22.347

Neutrophil (×109/L) 0.075
≤5.89 30/65 46.2 23.0 15.385-30.615
>5.89 29/40 72.5 16.5 6.935-26.065

Lymphocyte (×109/L) 0.136
≤1.265 20/24 83.3 13.7 0.172-27.228
>1.265 39/81 48.1 21.5 14.367-28.633

Monocyte (×109/L) 0.001
≤0.545 20/50 40.0 33.0 13.974-52.026
>0.545 39/55 71.9 14.7 6.789-22.611

PLR 0.046
≤155.45 10/35 28.6 27.0 19.690-34.310
>155.45 49/70 70.0 16.5 11.315-21.685

LMR <0.001
≤2.36 30/35 85.7 9.5 4.708-14.292
>2.36 29/70 41.4 27.0 17.781-36.219

Treatment strategies 0.002
BSC group 12/15 80.0 2.3 0.028-4.572
Non-surgical group 43/82 52.4 22.5 15.347-29.653
Surgical group 4/8 50.0 29.7 ------

* Observed death number/total patient number in each group
# median survival time

Table 3. Multivariate analysis of risk factors for MPM

Variables hazard 
ratio

95% CI p value

PS (≥2 vs <2) 6.178 2.228-17.130 <0.001
Serum albumin (≤40 vs >40) 1.726 0.987-3.018 0.056
AST (>40 vs ≤40) 2.439 1.087-5.474 0.031
LDh (>183.5 vs ≤183.5) 1.042 0.495-2.191 0.915
ALP(>96.5 vs ≤96.5) 1.138 0.486-1.591 0.671
Monocyte (>0.545×109/L vs ≤0.545×109/L) 2.666 1.238-5.738 0.012
PLR (>155.45 vs ≤155.45) 1.695 0.760-3.782 0.198
LMR (>2.36 vs ≤2.36) 1.035 0.505-2.121 0.925
Treatment (surgery vs non-surgery vs BSC) 0.388 0.196-0.769 0.007
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Figure 2. Kaplan-Meier survival curves according to variable AST 
groups.

Figure 3. Kaplan-Meier survival curves according to variable mono-
cyte count received by ROC analysis for overall survival (cut off 
value=0.545×109/L).

(p<0.001), platelet (p=0.016), neutrophil counts (p<0.001), 
lower RBC (p=0.023) and LMR counts (p<0.001).

Subgroups analysis for overall survival in patients with 
variable AST levels and monocyte counts. Univariate and 
multivariate analysis were used to assess the potential prognos-
tic roles of parameters in patients with variable AST levels and 
monocyte counts. The parameters were the same with Table 
4. In higher monocyte count group, significant prognostic 

factors were PS (p<0.001), AST (p=0.049), PLR (p=0.026) and 
treatment strategy (p=0.022) on univariate analysis. Multi-
variate analysis showed PLR (p=0.023) and treatment strategy 
(p=0.005) were statistically significant. In lower monocyte 
count group, age (p=0.043) and PS (p<0.001) were significant 
prognostic factors on univariate analysis. Only PS (p=0.008) 
hold statistical significance on multivariate analysis.

In AST≤40 U/L group, significant prognostic factors 
included PS (p=0.004), monocyte count (p=0.004), LMR 
(p<0.001) and treatment strategy (p=0.002) on univariate 
analysis. Multivariate analysis showed PS (p=0.002), mono-
cyte count (p=0.040) and treatment strategy (p=0.024) were 
independent prognostic factors. In AST>40 U/L group, and 
PS (p<0.001), LDh (p=0.043) hold statistical significance on 
univariate analysis. No statistical significance was found on 
multivariate analysis. Details can be seen in Table 5.

Discussion

MPM is a highly aggressive malignancy and there are 
currently no uniform therapies for MPM. The identification 
of prognostic factors plays an important role in progno-
sis prediction and the management of this fatal disease. 
In our study, serum biomarkers AST and monocyte were 
able to independently predict the prognosis of MPM. Ad-
ditionally, the univariate analysis showed PS≥2 points, 
serum albumin≤40 g/L, AST>40 U/L, LDh>183.5 U/L, 
ALP>96.5 U/L, monocyte>0.545×109/L, PLR>155.45, 
LMR≤2.36, CEA>5 ng/ml, SCC>1.5 ng/ml and best sup-
portive care were correlated with a poor prognosis. The 
multivariate analysis showed PS<2 points, normal AST range, 
low monocyte count and multimodality treatment were in-
dependent positive prognostic factors of MPM. These results 
may improve our understanding of the natural history of the 
disease and are valuable in the management of MPM.

Patient liver function is correlated with treatment op-
tions and can be used to monitor treatment responses. Liver 
function tests are commonly used in clinics. Thus, the identi-
fication of liver function parameters to predict the prognosis 
of MPM patients is valuable. The univariate analysis show 
that high levels of AST, LDh, ALP and low serum albumin 
level are risk factors of poor MPM prognosis. however, 
only AST is statistically significant on multivariate analysis. 
AST>40 U/L is an independent negative prognostic factor 
for MPM. The AST level is correlated with poor prognosis in 
multiple myeloma, hepatocellular carcinomas, and colorectal 
cancer [7-9]. however, its mechanism remains unclear. AST 
is an important hepatocyte enzyme and will be released into 
blood when hepatocytes are damaged, which can be useful 
for the evaluation of liver injury. In addition, serum elevated 
AST level reveals a higher hepatitis B viral activity in the 
liver with an decreased overall survival time of hepatocellular 
carcinoma [24]. high AST level may represents fibrosis and 
liver inflammatory environment that facilitate the invasion 
and progression of this lethal disease [25]. A high level of AST 
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Table 4. Correlation of the variable AST and monocytes counts with the clinicopathological characteristics of MPM patients

Variable AST (U/L) Monocytes (×109/L)

≤40
n (%)

>40
n (%)

p value ≤0.545
n (%)

>0.545
n (%)

p value

Age (years) 0.356 0.382
≤65 46(48.9) 7(63.6) 23(46.0) 30(54.6)
>65 48(51.1) 4(36.4) 27(54.0) 25(45.4)

gender 0.744 0.010
Male 55(58.5) 7(63.6) 23(46.0) 39(70.9)
Female 39(41.5) 4(36.4) ) 27(54.0) 16(29.1

PS 0.060 0.336
<2 points 90(95.7) 9(81.8) 46(92.0) 53(96.4)
≥2 points 4(4.3) 2(18.2) 4(8.0) 2(3.6)

Anemia 0.001 0.010
Yes 13(13.8) 6(54.5) 4(8.0) 15(27.3)
No 81(86.2) 5(45.5) 46(92.0) 40(72.7)

RBC 0.081 0.023
Normal 85(90.4) 8(72.7) 48(96.0) 45(81.8)
Below normal 9(9.6) 3(27.3) 2(4.0) 10(18.2)

WBC (×109/L) 0.220 <0.001
≤10 75(79.8) 7(63.6) 49(98.0) 33(60.0)
>10 19(20.2) 4(36.4) 1(2.0) 22(40.0)

Platelet 0.243 0.016
≤300 43(45.7) 3(27.3) 28(56.0) 18(32.7)
>300 51(54.3) 8(72.7) 22(44.0) 37(67.3)

ALT (U/L) <0.001 0.744
≤40 73(77.7) 1(9.1) 36(72.0) 38(69.1)
>40 21(22.3) 10(90.9) 14(28.0) 17(30.9)

LDh (U/L) 0.018 0.209
≤183.5 79(84.0) 6(54.5) 43(86.0) 42(76.4)
>183.5 15(16.0) 5(45.5) 7(14.0) 13(23.6)

ALP (U/L) 0.049 0.001
≤96.5 55(58.5) 3(27.3) 36(72.0) 22(40.0)
>96.5 39(41.5) 8(72.7) 14(28.0) 33(60.0)

Serum albumin (g/L) 0.932 0.896
≤40 44(46.8) 5(45.5) 23(46.0) 26(47.3)
>40 50(53.2) 6(54.5) 27(54.0) 29(52.7)

Neutrophil (×109/L) 0.901 <0.001
≤5.89 58(61.7) 7(63.6) 44(88.0) 21(38.2)
>5.89 36(38.3) 4(36.4) 6(12.0) 34(61.8)

Lymphocyte (×109/L) 0.250 0.111
≤2.095 23(24.5) 1(9.1) 8(16.0) 21(38.2)
>2.095 71(75.5) 10(90.9) 42(84.0) 34(61.8)

PLR 0.652 0.167
≤155.45 32(34.0) 3(27.3) 20(40.0) 15(27.3)
>155.45 62(66.0) 8(72.7) 30(60.0) 40(72.7)

LMR 0.367 <0.001
≤2.03 30(31.9) 5(45.5) 2(4.0) 33(60.0)
>2.03 64(68.1) 6(54.5) 48(96.0) 22(40.0)
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also extends hospitalizations and delays treatment. We also 
found AST level was associated with the presence of anemia 
and ALP, ALT and LDh level (p<0.05). Elevated LDh and 
ALP levels are also associated with a high tumor burden 
[10]. Thus, an increased tumor burden may have a role in 
the poor prognosis.

Chronic inflammation plays a key role in cancer develop-
ment and progression [5,13]. The most common inflammatory 
markers used for the assessment of prognosis are WBC, platelet 
count, NLR, and PLR [14-16]. Our results show that decreased 
monocyte, PLR counts, and increased LMR counts are signifi-
cant positive prognostic factors of MPM on univariate analysis. 
high monocyte count is an independent negative prognostic 
factor of MPM. Tumor-associated macrophages (TAM) are 
derived from circulating monocytes and are recruited to the 
tumor microenvironment in cancer patients [17]. Macrophages 
can be divided into M1 and M2 phenotypes. M1 macrophages 
are potent effector cells that can kill tumor cells. M2 mac-
rophages are involved in stromal formation, tumor growth, 
angiogenesis and immunosuppression [18]. Our previous 
study found in vitro lung cancer cells promote the expression 
of IL-6 in co-cultures with macrophages and induce epithelial 

mesenchymal transition (EMT) and invasive ability [19]. The 
co-culture of macrophages and lung cancer cells induced mac-
rophages to differentiate to the M2 phenotype. Lymphocytes are 
key anti-tumor cells that inhibit cancer growth and metastasis. 
Previous studies have shown that increased tumor-infiltrating 
lymphocyte (TIL) levels are associated with an improved sur-
vival in various cancers [20,21]. higher monocyte count was 
correlated with the presence of anemia, male patients, higher 
ALP, WBC, platelet, neutrophil counts, lower RBC and LMR 
counts (p<0.05). A high tumor burden and low immune status 
can partially account for why high monocytes, PLR counts, and 
low LMR can contribute to a poorer prognosis.

Rare tumor markers have been suggested in the early 
detection and diagnosis of MPM. Serum mesothelin-related 
peptide and osteopontin are two recently discovered serum 
markers [11,12]. Serum mesothelin-related peptide is pre-
dictive of disease recurrence. Osteopontin can distinguish 
between MPM and benign pleural changes. In our study, high 
CEA and SCC levels were found to be negative prognostic 
factors of MPM on univariate analysis. however, there was 
no statistical significance for CA125 and NSE. The samples 
of patients receive the examination of tumor markers are 

Table 5. Significant variables on subgroup analysis

Variable AST≤40 U/L AST>40 U/L higher monocytes Lower monocytes

MST 
(months)*

p value MST p value MST p value MST p value

PS 0.004 <0.001 <0.001 <0.001
<2 points 23.7 13.0 14.7 47.0
≥2 points 3.5 0.3 0.3 3.5

Monocyte (×109/L) 0.004 0.515 Ø Ø
≤0.545 47.0 10.0
>0.545 18.5 10.7

LMR <0.001 0.688 0.114 0.133
≤2.36 9.0 10.7 9.5 3.5
>2.36 29.7 10.0 23.0 47.0

Treatment strategies 0.002 0.118 0.022 0.256
BSC group 2.3 1.5 1.7 33.0
Non-surgical group 23.7 10.7 14.7 47.0
Surgical group -- 19.0 29.7 --

LDh 0.189 0.043 0.288 0.055
≤183.5 23.0 13.0 16.5 47.0
>183.5 21.5 2.5 11.0 13.0

AST (U/L) Ø Ø 0.049 0.120
≤40 18.5 47.0
>40 10.7 10.0

PLR 0.110 0.310 0.026 0.990
≤155.45 27.0 -- 27.0 --
>155.45 18.5 10.0 10.0 33.0

Age (years) 0.515 0.177 0.891 0.043
≤56 24.0 13.0 14.7 47.0
>56 18.0 1.5 14.7 17.5

*MST=median survival time; Ø=not assessed on univariate analysis
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small. Additional studies are required to assess the role of 
tumor markers, and further investigations are needed for 
CA125 and NSE due to the elevated levels in more than 40% 
of patients.

Subgroups analysis shows that PS has a key role in the 
prognosis of each group. high PLR count is a poor prognostic 
factor of the whole series and it holds no statistical significance 
on multivariate analysis. however, subgroup analysis shows 
that PLR>155.45 is an independent negative prognostic factor 
of high monocyte count group. PLR plays an important role 
in the prognosis of high monocyte count group patients. In 
the same way, monocyte count mainly affects the prognosis of 
patients in AST≤40 U/L group.

In our patient cohort, the 1-, 2- and 5-year survival rates 
were 68.2%, 40.8% and 13.8%, respectively. These results are 
better than other published data. The studies performed by 
Milano MT et al. and Bovolato P et al. showed a 5-year survival 
rate of 5-12% [22,23]. The patients in our group were registered 
beginning in April 2007 with a lower median age of 56.0 years. 
however, other studies involved large patient series treated 
since the 1980s [14,22,23]. It is known that small samples, 
young age at diagnosis and short intervals may commonly 
contribute to a better prognosis.

There are limitations of our study. First, this is a small 
sample retrospective analysis of 105 patients and patient 
numbers in different treatment groups are not well balanced. 
Several significant factors such as histologic types, stage at 
diagnosis, and exposure to asbestos are hardly to be reached 
and analyzed in detail. Additionally, not all patients were eli-
gible for the assessment of tumor markers. We will pay more 
attention to these details in our further study. Additional large 
sample prospective studies are urgently needed to provide 
evidence-based recommendations for the treatment of this 
lethal disease.

In conclusion, laboratory examinations of AST, LDh, 
ALP, monocyte count, PLR and LMR are correlated with 
MPM prognosis. Our data show that good PS, normal AST 
level, low monocyte count and multimodality treatment are 
independent positive prognostic factors of MPM. Elevated 
AST and monocyte levels represent unfavorable prognostic 
biomarkers of MPM.
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