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Abstract
Background: The study aims to find out independent prognostic factors for patients with malignant peritoneal
mesothelioma (MPeM).
Methods: Patients with pathologically proven MPeM were retrospectively reviewed. Potential prognostic factors
were analyzed, including age, gender, asbestos exposure, body mass index (BMI), treatment, and laboratory results,
such as blood routine examination and liver functions. The influences of various risk factors on the prognoses were
analyzed by univariate analysis. A Cox regression model analysis established independent factors for the survival
prognosis of the patients.
Results: Seventy MPeM patients, including 33 patients who received intraperitoneal chemotherapy with cisplatin, 14
patients who received systemic chemotherapy with cisplatin + pemetrexed, and 21 untreated patients were included
in this study. The 1-year survival was 32.9%, the 2-year survival was 10%, and the 3-year survival was 2.9%. The median
age of MPeM was 62 years, and the female-to-male ratio was 1:0.56. The univariate and multivariate analyses showed
that treatment, albumin (ALB), and blood neutrophil-to-lymphocyte ratio (NLR) were independent factors that affected
the overall survival (OS) of MPeM patients.
Conclusion: High blood NLR and hypoalbuminemia are adverse prognostic factors for MPeM patients. Systemic
chemotherapy and intraperitoneal chemotherapy can prolong the survival period.
Keywords: Malignant peritoneal mesothelioma, NLR, Albumin, Treatment, Prognostic factors

Background
Malignant peritoneal mesothelioma (MPeM) is a
mesothelium-derived neoplasm with high malignancy
that is commonly caused by exposure to asbestos [1].
MPeM is a very rare disease, the incidence was 1–2 per
million [2]. In Cangzhou, Hebei Province, China, the
incidence of MPeM is approximately 4.5 per million,
possibly because asbestos was widely used in the 1970s
in this region and sanitation was poor [3].
MPeM has a poor prognosis. Most patients die
from the disease within 1 year. Therefore, we tried to
identify the prognostic factors of MPeM to direct
future clinical medication.
Currently, the pathogenesis is unclear. The pathogenesis of malignant mesothelioma (MM) is associated with
chronic inflammation [4]. In recent years, researchers
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have been interested in systemic inflammation. Since
1863, when the German pathologist Rudolf Vichow
found white blood cells in tumor tissue, several hypotheses based on the results of research have been advanced
proposing that neoplasms occur at inflammation sites.
The connection between the tumor and inflammation
can be reflected in a series of indexes of blood parameters. The blood neutrophil-to-lymphocyte ratio (NLR) is
systemic markers of inflammation. Strong evidence
suggests that the NLR can be used to indicate the
inflammation condition. Previous studies have shown
that NLR is an independent prognostic factor for many
cancers, such as colorectal cancer, breast cancer, soft
tissue sarcoma, and bladder cancer [5–9].
Nutritional status affects the outcomes of patients with
malignant cancers, including therapeutic interventions,
the length of hospitalization, and the prognosis [10–12].
Serum albumin (ALB) can indicate the nutritional status,
which is an independent prognostic factor for many
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cancers, including pancreatic carcinoma, gastric carcinoma, nasopharyngeal carcinoma, bladder cancer, and
malignant pleural mesothelioma [13–17].
The immunological status and nutritional condition are
important prognostic factors for patients with malignant
cancers. However, no study has confirmed the relationship
between NLR and ALB and survival in MPeM patients.
Therefore, the aim of this study was to determine whether
NLR and ALB could predict OS in MPeM patients. This
article also discussed the possible mechanism.

Methods
Patients

From January 2010 to December 2014, 70 consecutive
patients with pathologically proven MPeM in Cangzhou
Central Hospital were retrospectively reviewed. The
MPeM diagnosis was made according to the Guidelines
for Pathologic Diagnosis of Malignant Mesothelioma:
2012 Update of the Consensus Statement from the International Mesothelioma Interest Group [18]. All patients
underwent ultrasound guided percutaneous peritoneal
puncture biopsy. The data were collected before treatment. Cytoreductive surgery and perioperative intraperitoneal chemotherapy are rarely applied in our region.
The statistics referenced for survival with malignant
peritoneal mesothelioma refer to patients who do not
undergo aggressive cytoreductive surgery.
Baseline variables

Patient characteristics and laboratory results were examined as potential prognostic factors, including age, gender, treatment, asbestos exposure, body mass index
(BMI), neutrophil count, platelet count, NLR, and ALB.
According to previous publications and the actual situation, the factors were categorized as follows: NLR, < 3
versus ≥ 3 [19]; ALB, < 35 g/l versus ≥ 35 g/l [13]; platelet count, ≥ 338 × 109/l versus < 338 × 109/l; WBC count,
> 6.23 × 109/l versus < 6.23 × 109/l; age, < 63 years versus ≥ 63 years [4]; gender, male versus female; and
BMI, < 22.79 versus ≥ 22.79.
Statistical analysis

Survival was estimated using the Kaplan–Meier
method. Potential prognosticators were submitted to
univariate and multivariate analyses. The Kaplan–Meier
model was used to compare the survival rate among
groups. Multivariate Cox proportional hazards models
were used to identify factors linked to the prognosis.
These variables include age, NLR, ALB, gender, asbestos exposure, and treatment. The Cox regression modeling results are presented as hazard ratios (HR) with
associated 95% confidence intervals (CIs). A difference
with a p value less than 0.05 was considered statistically
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significant. All data were analyzed with the system of
SPSS 22.0.

Results
Patient characteristics

A total of 70 MPeM patients, including 35 patients
receiving intraperitoneal chemotherapy with Cisplatin,
14 patients receiving systemic chemotherapy with
cisplatin + pemetrexed, and 21 untreated patients, were
included in this retrospective evaluation (Table 1). As of
the date of this report, the median OS was 10 months
(range 1–42 months). The 1-year survival was 45.8%, the
2-year survival was 11.4%, and the 3-year survival was
2.9% (Fig. 1a). The median age of the patients was
62 years (42–85). In our study, the female to male ratio
is 1:0.56. 57 (81.4%) patients had a history of asbestos
exposure in the MPeM patients. Abdominal distension
(71.4%) and abdominal pain (38.7%) were the most
frequent manifestations. The median NLR was 3 (SD =
2.47). A total of 35 patients (50%) had a NLR ≥ 3. The
median ALB level was 34 g/L (SD = 5.244). Thirty-seven
patients (52.9%) had hypoalbuminemia (ALB < 35 g/L).
Univariate and multivariate analysis for prognostic factors

The prediction factors of OS were determined by
Kaplan–Meier model in univariate analysis. In the
Table 1 Patient characteristics (n = 70)
Characteristics

Number of patients

Median age (years)

62 (42–85)

Sex (male/female)

25/45 (36%/64%)

Asbestos exposure

57 (81.4%)

Mesian BMI

22.79 (15.23–31.49)

Median survival (months)

10 (1–42)

Treatment
Intraperitoneal chemotherapy with cisplatin

35 (50%)

Cisplatin + pemetrexed

14 (20%)

Untreated

21 (30%)

Symptoms
abdominal distension

50 (71.4%)

abdominal pain

25 (35.8%)

Histology type
Epithelioid

50 (71.4%)

Biphasic + sarcomatoid

20 (28.6%)

NLR (range)

0.69–18.46

NLR ≥ 3

35 (50%)

NLR < 3

35 (50%)

ALB (range)

23–48 g/L

Normal albumin (ALB ≥ 35 g/L)

33 (47.1%)

Hypoalbuminemia (ALB < 35 g/L)

37 (52.9%)
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Fig. 1 a The survival function of the original lifetime data. b Kaplan–Meier survival curves depicting OS according to the ALB. The OS rate of
patients with ALB < 35 g/l was significantly lower than that of patients with ALB ≥ 35 g/l (P = 0.018). c Kaplan–Meier survival curves depicting OS
according to the NLR. The OS rate of patients with a NLR < 3 was significantly higher than that of patients with a NLR ≥ 3 (P = 0.012). d Kaplan–
Meier survival curves depicting OS according to the treatment. The OS rate of untreated patients was significantly lower than that of treated
patients (P = 0.000). There was no significant difference between the patients receiving intraperitoneal chemotherapy with cisplatin and the
patients receiving systemic chemotherapy with cisplatin + pemetrexed (P > 0.05)

univariate analysis, NLR, ALB, and treatment were related to the prognosis of patients with MPeM. When
these variables were added to a multivariate Cox model,
ALB, NLR, and treatment were independent prognostic
factors (Table 2). Patients were divided into high NLR
(NLR ≥ 3) group and low NLR (NLR < 3) group, high
ALB (ALB ≥ 35 g/L) and low ALB (ALB< 35 g/L) group.
The Kaplan–Meier method and log-rank test indicated
that ALB ≥ 35 g/L and NLR < 3 were associated with longer OS (Fig. 1b, c).

patients with ALB < 35 g/L and 60.6% for patients with
ALB ≥ 35 g/L (Fig. 1b).
The two groups (ALB ≥ 35 g/L and < 35 g/L) were analyzed regarding other prognostic indicators for MPeM.
Statistical analysis was performed with the chi-square
test. The results showed ALB was concerned with age
(P < 0.05), but was not concerned with gender, BMI,
asbestos exposure, treatment, and histological subtype
(P > 0.05; Table 3).

NLR and survival
ALB and survival

Median survival at the end of follow-up was 12 months
in patients with ALB ≥ 35 g/L. The median survival of
patients with hypoalbuminemia (ALB < 35 g/L) was
6 months. The 1-year survival rate was 32.4% for

Median survival at the end of follow-up was 12 months
in patients with NLR < 3. The median survival of patients with NLR ≥ 3 was 6 months. The 1-year survival
rate was 32.4% for patients with NLR ≥ 3 and 57.1% for
patients with NLR < 3 (Fig. 1c).
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Table 2 Univariate and multivariate analysis for prognostic factors
Univariate analysis

Multivariate analysis

HR

95% CI

P

HR

95% CI

P

Age (years)

1.012

0.983–1.041

0.431

0.993

0.963–1.025

0.672

Gender (male/female)

0.747

0.448–1.245

0.263

0.959

0.549–1.674

0.882

BMI

0.949

0.891–1.011

0.105
1.135

0.636–2.025

0.669

0.475

0.289–0.782

0.003

Asbestos exposure (yes/no)

1.082

0.588–1.992

0.8

Histological subtype
(Epithelial/biphasic + sarcomatoid)

0.800

0.468–1.367

0.415

Treatment
Cisplatin
Cisplatin + pemetrexed
Untreated

0.418

0.263–0.664

0.00

WBC count

0.966

0.829–1.126

0.661

PLT count

1.001

0.998–1.004

0.461

NLR

1.176

1.062–1.303

0.002

1.138

1.015–1.276

0.027

ALB

0.920

0.872–0.971

0.002

0.935

0.879–0.994

0.031

The two groups (NLR < 3 and NLR ≥ 3) were analyzed regarding other prognostic indicators for
MPeM. Statistical analysis was performed with the
chi-square test. There was no significant correlation
between NLR and age, gender, BMI, asbestos
Table 3 Prognostic factors for MPeM stratified according to ALB
levels (χ2 test)
Variable

Number of patients stratified by ALB
Hypoalbuminemia
(ALB < 35 g/l)

Normal albumin
(ALB ≥ 35 g/l)

< 63

19

25

≥ 63

18

8

P value

exposure, treatment, and histological subtype (P >
0.05; Table 4).
Treatment and survival

The Kaplan–Meier curve for OS was stratified by treatment. The result indicated that non-treatment was
associated with shorter OS (P = 0.000; Fig. 1d). The 1Table 4 Prognostic factors for MPeM stratified according to NLR
levels (χ2 test)
Variable

Age (years)

13

12

Female

24

21

< 22.79

23

17

≥ 22.79

14

16

0.01 < P < 0.05

26

No

6

7

Cisplatin

17

18

Cisplatin +
pemetrexed

6

8

P > 0.05

14

7

28

22

Biphasic +
sarcomatoid

9

11

19

10

16

Male

10

15

Female

25

20

< 22.79

17

18

≥ 22.79

18

17

Yes

29

28

No

6

7

Cisplatin

20

15

Cisplatin + pemetrexed

8

6

Untreated

7

14

Epithelial

24

26

Biphasic + sarcomatoid

11

9

P > 0.05

P > 0.05

P > 0.05

P > 0.05

Treatment

P > 0.05

Histological subtype
Epithelial

25

≥ 63

Asbestos exposure
P > 0.05

Treatment

Untreated

< 63

BMI

Asbestos exposure
31

NLR ≥ 3

Gender
P > 0.05

BMI

Yes

NLR < 3

P value

Age (years)

Gender
Male

Number of patients stratified
by NLR

P > 0.05

Histological subtype
P > 0.05

P > 0.05
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Table 5 Prognostic factors for MPeM stratified according to
treatment (χ2 test)
Variable

P value

Treatment
Cisplatin Cisplatin +
Nonpemetrexed treatment

Age (years)
< 63

21

10

6

≥ 63

15

4

15

Male

10

5

10

Female

25

9

11

P < 0.05

Gender
P > 0.05

BMI
< 22.79

15

7

13

≥ 22.79

20

7

8

Yes

28

13

16

No

7

1

5

23

10

17

4

4

P > 0.05

Asbestos exposure
P > 0.05

Histological subtype
Epithelial

Biphasic + sarcomatoid 12

P > 0.05

year survival rate was 62.9% for patients receiving intraperitoneal chemotherapy with cisplatin, 57.1% for patients receiving systemic chemotherapy with cisplatin +
pemetrexed, and 9.5% for untreated patients (Fig. 1d).
The mean survival was approximately 14.6 months for
the cisplatin group, 13.8 months for the cisplatin +
pemetrexed group and 4.5 months for the untreated
group. There was no significant difference between the
patients receiving intraperitoneal chemotherapy with
cisplatin and the patients receiving systemic chemotherapy with cisplatin + pemetrexed (P > 0.05).
The three groups were analyzed regarding other prognostic indicators for MPeM. Statistical analysis was
performed with the chi-square test. The three groups
had differences in age (P < 0.05) but did not show any
significant differences with gender, BMI, asbestos exposure, and histological subtype (P > 0.05; Table 5).

Discussion
MPeM is a mesothelium-derived carcinoma with high
malignancy. For most tumors, depth of tumor invasion,
tumor differentiation, the number of lymph nodes metastatic field, and tumor location were of prognostic
significance. MPeM exhibits local aggressiveness, but
only rare distant metastases [20–22]. Unlike other solid
tumors, currently, there is some controversy on how
best to assign the tumor grade in MPeM [19].
Up until now, there is no systematic assessment of prognosis in peritoneal mesothelioma. Therefore, the effective
identification of MPeM prognostic factors will play an

important role in clinical management. A few articles reported some prognostic factors of patients with malignant
cancers, including age, gender, asbestos exposure, lymph
node metastases, estrogen receptors, mesothelin, GLUT1,
morphological growth patterns, and the mitotic index
[23–28]. The current study found that the simple laboratory indicators NRL and ALB could predict OS in
MPeM patients.
Most patients with MPeM have a history of asbestos
exposure. The asbestos fibers are thought to skewer cells
and set off chemical reactions that lead to inflammation,
DNA damage, and cell death. Inflammation is critical
during tumor initiation and malignant progression.
Recently, many people have focused on the role of
inflammation in cancer. Peripheral blood leukocyte
counts can reflect and detect the degree of the systemic
inflammatory response in tumor patients, which is a
simple and valuable indicator [29]. NLR, a systemic
marker for inflammation, have been found to predict the
prognosis of tumor patients.
The specific mechanism by which the NLR affects the
prognosis of patients with tumors is not clear. The cellular
immunity induced by lymphocytes plays a very important
role in the anti-tumor process. Peripheral blood lymphocytes are decreased in patients with a high NLR, and the
antitumor response is reduced. This phenomenon provides an appropriate growth environment for cancer cells,
thereby enabling their proliferation and metastasis. In
contrast, neutrophils are the major source of vascular
endothelial growth factor (VEGF) production. VEGF
expression in tumors influences the formation of tumor
vessels. Tumor-associated angiogenesis plays a pivotal role
in tumor growth and metastasis. However, a high NLR is
not simply an imbalance in the lymphocyte and neutrophil
counts. Tumor cells secrete myeloid growth factors, which
induce leukocyte proliferation [30]. Thus, the immune
mechanism is very complex.
The NLR can be easily calculated from differential
WBC counts obtained through routine procedures.
There is ample evidence indicating the role of neutrophils in cancer pathophysiology. The NLR is closely
related to the mortality rate and the response to treatment, and the NLR can predict the prognosis [5–9].
Patients have been stratified according to theirs NLRs,
but non-conformity exists in the layer boundary points.
Cihan et al. [30] and Kao et al. [19] confirmed 3 as a dividing point, Kao et al. [4] confirmed 5, and Shen et al.
[31] confirmed 2.8. In our study, the median NLR was 3;
therefore, we confirmed 3 as a dividing point. The
Kaplan–Meier curve for OS was stratified by the NLR.
The median OS was 12 months versus 6 months for a
NLR < 3 versus ≥ 3, respectively. The Kaplan–Meier
method and the log-rank test indicated that a NLR < 3
was associated with longer OS (P = 0.012; Fig. 1c). The

Yin et al. World Journal of Surgical Oncology (2018) 16:44

1-year survival rate was 32.4% for patients with a NLR ≥
3 and 57.1% for patients with a NLR < 3 (Fig. 1c). We
compared interclass equilibration involving age, gender,
BMI, asbestos exposure, treatment, and histological subtype (Table 4) but found no significant differences (P >
0.05). The Cox proportional regression analysis showed
that a NLR ≥ 3 was an independent adverse prognostic
factor for MPeM.
Cancer is a cause of malnutrition. Malnutrition plays
an important role in the short OS, decreased quality of
life, and increased mortality of malignant tumors [10–
12]. The serum albumin level is the most commonly
used serological indicator to evaluate malnutrition.
Several studies have confirmed that serum albumin,
which is a simple and objective indicator of the nutritional status, is an independent prognostic factor for
several cancers, including malignant pleural mesothelioma [13], pancreatic carcinoma [14], gastric carcinoma
[15], nasopharyngeal carcinoma [16], and bladder cancer [17].
Serum albumin synthesis in the liver is an important
in vivo physiological function of macromolecules. Albumin can maintain stable plasma colloid osmotic pressure and enhance immune functions and has some
anti-tumor effects. Total serum protein and albumin
reflect the body’s absorption, synthesis and decomposition of proteins, and the albumin content reflects the
immune response to some extent [32]. Most carcinoma
patients have hypoalbuminemia. Hypoalbuminemia is
not only a result of an insufficient or poorly balanced
diet, faulty digestion, or utilization of foods but also
occurs because tumor cells consume a large amount of
nutrients to grow. In our study, 37 patients (52.9%) had
hypoalbuminemia (ALB < 35 g/L) and 33 patients
(47.1%) had an ALB level ≥ 35 g/L (Table 1). The
Kaplan–Meier method and the log-rank test indicated
that a normal albumin level was associated with longer
OS (P = 0.018; Fig. 1b). ALB was associated with age (P
< 0.05) but did not show any significant association
with gender, BMI, asbestos exposure, treatment, and
histological subtype (P > 0.05; Table 3). The Cox proportional regression analysis showed that hypoalbuminemia
was an independent adverse prognostic factor for MPeM.
NLR and ALB are simple, inexpensive, and commonly
performed laboratory tests. Blood cell analysis and
hepatic functions are routine exams. ALB is measured
as a part of the hepatic function tests, and the NLR is
defined as the absolute neutrophil count divided by the
absolute lymphocyte count. Therefore, I stress that the
potential prognostic roles of ALB and NLR in MPeM
are important.
The main treatment methods for MPeM are cytoreductive surgery combined with adjuvant chemotherapy, systemic chemotherapy, and intraperitoneal chemotherapy.
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There is no standard of therapy for MPeM. The optimal
treatment of MPeM remains controversial. Pemetrexed
combined with cisplatin has been approved as a first-line
therapy for MPeM [33, 34]. Jänne et al. reported a median
survival of 13 months in 66 MPeM patients treated with
systemic pemetrexed and cisplatin versus 9 months for 32
diffuse malignant peritoneal mesothelioma (DMPM)
patients treated with systemic pemetrexed alone [35].
Cisplatin was one of the first chemotherapy drugs used in
intraperitoneal chemotherapy. Intraperitoneal chemotherapy has the following merits: high concentration of cisplatin in the peritoneal cavity, higher local tumoricidal
effect, lower nephric toxicity, and lower systemic toxicity
[36]. Recently, several prospective trials have confirmed a
median OS of 40 to 90 months and a 5-year survival of 30
to 60% after combined treatment using cytoreductive surgery and perioperative intraperitoneal chemotherapy [37].
The Washington Cancer Institute (Washington DC, USA)
recently published an updated series on 100 MPeM
patients who underwent combined treatment and demonstrated that the median OS was 52 months, with a 5-year
survival of 46% [38]. Cytoreductive surgery and perioperative intraperitoneal chemotherapy are rarely applied in
our region. None of the patients undergo aggressive cytoreductive surgery in this group. Similar to the previous
report, in our study, the mean survival was approximately
14.6 months for the cisplatin group, 13.8 months for the
cisplatin + pemetrexed group and 4.5 months for the nontreatment group. Systemic chemotherapy (cisplatin +
pemetrexed) and intraperitoneal chemotherapy (cisplatin)
both obviously prolong the survival period (P < 0.05), with
no significant difference between them (P > 0.05).
Previous studies have shown that gender, asbestos
exposure, and histological subtype are associated with
OS in MPeM [21, 23, 39]. However, in our study,
none of above-mentioned factors was shown to be a
predictor of MPeM. The explanation for this finding
may be that the research object in our study is different. Contrary to earlier reports, more men suffer
from MPeM than women. However, the incidence
was higher in females than in males in Cangzhou,
Hebei Province, China. In the 1970s, it was women
who were involved in large handspun asbestos processes in this area. The exposure time and intensities
were higher in females than in males [17]. In our
study, 25 patients (36%) were male and 45 patients
were female (64%). In the MPeM group, 57 patients
(81.4%) had a history of asbestos exposure. The median age at diagnosis for the patients was 62 years
(range 42–85 years).
The limitations of our study were that the clinical
examination was primarily performed based on retrospective observations. So, we need a larger prospective
study to verify the results.

Yin et al. World Journal of Surgical Oncology (2018) 16:44

Conclusion
In conclusion, the study showed that a high blood
NLR and hypoalbuminemia were adverse prognostic
factors for MPeM patients. Systemic chemotherapy
and intraperitoneal chemotherapy obviously prolonged
the survival period.
Acknowledgements
The authors are grateful to Li Jia-rui, the director of Medical Records Management Office, for the support in collection of cases information, and thank
Xing Rong-ge, director of Pathology Department, for his help in Mesothelioma pathological guidance. This work has been supported by the Natural
Science Foundation of Cangzhou City.

Page 7 of 8

6.

7.

8.

9.

10.
Funding
Tis work has been approved by Cangzhou Science and Technology Research
and Development Plan (no. 1213018ZD).

11.

Availability of data and materials
Please contact author for data requests.

12.

Authors’ contributions
WY and GZ designed the study and wrote the paper. KY followed up with
the patients. HS and YL analyzed the date with the SPSS statistical software.
All authors read and approved the final paper.

13.

Ethics approval and consent to participate
All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and national
research committee and with the 1964 Helsinki declaration and its later
amendments.

14.

15.

Consent for publication
Informed consent was obtained from all included individual participants or
their authorized families.

16.

Competing interests
The authors declare that they have no competing interests.

17.

Publisher’s Note

18.

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Gastroenterology, Cangzhou Central Hospital, Cangzhou,
Hebei 061001, China. 2Department of Otolaryngology, Cangzhou Medical
College, Cangzhou, Hebei 061001, China.

19.

20.
Received: 19 November 2017 Accepted: 26 February 2018
21.
References
1. Picklesimer AH, Zanagnolo V, Niemann TH, Eaton LA, Copeland LJ. Case
report: malignant peritoneal mesothelioma in two siblings. Gynecol Oncol.
2005;99:512–6.
2. Sharma H, Bell I, Schofield J, Bird G. Primary peritoneal mesothelioma: case
series and literature review. Clin Res Hepatol Gastroenterol. 2011;35:55–9.
3. Wei SC, Zheng GQ. Retrospective analysis of 162 patients with malignant
peritoneal mesothelioma in Cangzhou residents. Chin J Intern Med. 2013;52:
599–601.
4. Kao SC, Pavlakis N, Harvie R, Vardy JL, Boyer MJ, Van Zandwik N, et al. High
blood neutrophil-to-lymphocyte ratio is an indicator of poor prognosis in
malignant mesothelioma patients undergoing systemic therapy. Clin Cancer
Res. 2010;16:5805–13.
5. Urrejola GI, Bambs CE, Espinoza MA, Gellona J, Zúñiga AM, Molina ME, et al.
An elevated neutrophil/lymphocyte ratio is associated with poor prognosis
in stage II resected colon cancer. Rev Med Chil. 2013;141:602–8.

22.

23.

24.

25.

Ozdemir Y, Akin ML, Sucullu I, Balta AZ, Yucel E. Pretreatment neutrophil/
lymphocyte ratio as a prognostic aid in colorectal cancer. Asian Pac J
Cancer Prev. 2014;15:2647–50.
Azab B, Shah N, Radbel J, Tan P, Bhatt V, Vonfrolio S, et al. Pretreatment
neutrophil/lymphocyte ratio is superior to platelet/lymphocyte ratio as a
predictor of long-term mortality in breast cancer patients. Med Oncol. 2013;
30:432–42.
Szkandera J, Absenger G, Liegl-Atzwanger B, Pichler M, Stotz M, Samonigg
H, et al. Elevated preoperative neutrophil/lymphocyte ratio is associated
with poor prognosis in soft-tissue sarcoma patients. Br J Cancer. 2013;108:
1677–83.
Gondo T, Nakashima J, Ohno Y, Choichiro O, Horiguchi Y, Namiki K, et al.
Prognostic value of neutrophil-to-lymphocyte ratio and establishment of
novel preoperative risk stratification model in bladder cancer patients
treated with radical cystectomy. Urology. 2012;79:1085–91.
Morgan TM, Tang D, Stratton KL, Barocas DA, Anderson CB, Gregg JR, et al.
Preoperative nutritional status is an important predictor of survival in patients
undergoing surgery for renal cell carcinoma. Eur Urol. 2011;59:923–8.
Nozoe T, Kohno M, Iguchi T, Mori E, Maeda T, Matsukuma A, et al. The
prognostic nutritional index can be a prognostic indicator in colorectal
carcinoma. Surg Today. 2012;42:532–5.
Nozoe T, Kimura Y, Ishida M, Saeki H, Korenaga D, Sugimachi K. Correlation
of pre-operative nutritional condition with post-operative complications in
surgical treatment for oesophageal carcinoma. Eur J Surg Oncol. 2002;28:
396–400.
Yao ZH, Tian GY, Yang SX, Wan YY, Kang YM, Liu QH, et al. Serum albumin
as a significant prognostic factor in patients with malignant pleural
mesothelioma. Tumour Biol. 2014;35:6839–45.
Ruiz-Tovar J, Martin-Perez E, Fernandez-Contreras ME, Reguero-Callejas
ME, Gamallo-Amat C. Impact of preoperative levels of hemoglobin and
albumin on the survival of pancreatic carcinoma. Rev Esp Enferm. Dig.
2010;102:631–6.
Onate-Ocana LF, Aiello-Crocifoglio V, Gallardo-Rincon D, HerreraGoepfert R, Brom-Valladares R, Carrillo JF, et al. Serum albumin as a
significant prognostic factor for patients with gastric carcinoma. Ann
Surg Oncol. 2007;14:381–9.
Li G, Gao J, Liu ZG, Tao YL, Xu BQ, Tu ZW, et al. Influence of pretreatment
ideal body weight percentile and albumin on prognosis of nasopharyngeal
carcinoma: long-term outcomes of 512 patients from a single institution.
Head Neck. 2014;36:660–6.
Lambert JW, Ingham M, Gibbs BB, Given RW, Lance RS, Riggs SB. Using
preoperative albumin levels as a surrogate marker for outcomes after radical
cystectomy for bladder cancer. Urology. 2013;81:587–92.
Husain AN, Colby T, Ordonez N, Krausz T, Attanoos R, Beasley MB, et al.
Guidelines for pathologic diagnosis of malignant mesothelioma: 2012
update of the consensus statement from the international mesothelioma
interest group. Arch Pathol Lab Med. 2013;137:647–67.
Kao SC, Klebe S, Henderson DW, Reid G, Chatfield M, Armstrong NJ, et al.
Low calretinin expression and high neutrophil-to-lymphocyte ratio are poor
prognostic factors in patients with malignant mesothelioma undergoing
extrapleural pneumonectomy. J Thorac Oncol. 2011;6:1923–9.
Yin WJ, Zheng GQ, Chen YF, Chen DQ, Sun NN, Yang YX, et al. CT
differentiation of malignant peritoneal mesothelioma and tuberculous
peritonitis. Radiol Med. 2016;121:253–60.
Liang YF, Zheng GQ, Chen YF, Song H, Yin WJ, Zhang L. CT differentiation
of diffuse malignant peritoneal mesothelioma and peritoneal
carcinomatosis. J Gastroenterol Hepatol. 2016;31:709–15.
Su SS, Zheng GQ, Liu YG, Chen YF, Song ZW, Yu SJ, et al. Malignant
peritoneum mesothelioma with hepatic involvement: a single institution
experience in 5 patients and review of the literature. Gastroenterol Res
Pract. 2016;2016:1–12.
Skammeritz E, Omland LH, Johansen JP, Omland O. Asbestos exposure and
survival in malignant mesothelioma: a description of 122 consecutive cases
at an occupational clinic. Int J Occup Environ Med. 2011;2:224–36.
Baratti D, Kusamura S, Cabras AD, Laterza B, Balestra MR, Deraco M. Lymph
node metastases in diffuse malignant peritoneal mesothelioma. Ann Surg
Oncol. 2010;17:45–53.
Krasinskas AM, Borczuk AC, Hartman DJ, Chabot JA, Taub RN. Mogal A1, et
al. prognostic significance of morphological growth patterns and mitotic
index of epithelioid malignant peritoneal mesothelioma. Histopathology.
2016;68:729–37.

Yin et al. World Journal of Surgical Oncology (2018) 16:44

Page 8 of 8

26. Pillai K, Pourgholami MH, Chua TC, Morris DL. Oestrogen receptors are
prognostic factors in malignant peritoneal mesothelioma. J Cancer Res Clin
Oncol. 2013;139:987–94.
27. Roe OD, Creaney J, Lundgren S, Larsson E, Sandeck H, Boffetta P, et al.
Mesothelin-related predictive and prognostic factors in malignant
mesothelioma: a nested case-control study. Lung Cancer. 2008;61:235–43.
28. Hommell-Fontaine J, Isaac S, Passot G, Decullier E, Traverse-Glehen A, Cotte
E, et al. Malignant peritoneal mesothelioma treated by cytoreductive
surgery and hyperthermic intraperitoneal chemotherapy: is GLUT1
expression a major prognostic factor? A preliminary study. Ann Surg Oncol.
2013;20:3892–8.
29. Proctor MJ, Morrison DS, Talwar D, Balmer SM, Fletcher CD, O’Reilly DS, et al. A
comparison of inflamemation-based prognostic scores in patients with cancer.
A Glasgow inflammation outcome study. Eur J Cancer. 2011;47:2633–41.
30. Cihan YB, Ozturk A, Mutlu H. Relationship between prognosis and
neutrophil: lymphocyte and platelet: lymphocyte ratios in patients with
malignant pleural mesotheliomas. Asian Pac J Cancer Prev. 2014;15:2061–7.
31. Shen L, Zhang H, Liang L, Li G, Fan M, Wu Y, et al. Baseline neutrophillymphocyte ratio (≥2.8) as a prognostic factor for patients with locally
advanced rectal cancer undergoing neoadjuvant chemoradiation. Radiat
Oncol. 2014;9:295.
32. Don BR, Kaysen G. Serum albumin: relationship to inflammation and
nutrition. Semin Dial. 2004;17:432–7.
33. Favoni RE, Florio T. Combined chemotherapy with cytotoxic and targeted
compounds for the management of human malignant pleural
mesothelioma. Trends Pharmacol Sci. 2011;32:463–79.
34. Garcia-Carbonero R, Paz-Ares L. Systemic chemotherapy in the management
of malignant peritoneal mesothelioma. Eur J Surg Oncol. 2006;32:676–81.
35. Jänne PA, Wozniak AJ, Belani CP, Keohan ML, Ross HJ, Polikoff JA, et al.
Open-label study of pemetrexed alone or in combination with cisplatin for
the treatment of patients with peritoneal mesothelioma: outcomes of an
expanded access program. Clin Lung Cancer. 2005;7:40–6.
36. Yan TD, Brun EA, Cerruto CA, Haveric N, Chang D, Sugarbaker PH.
Prognostic indicators for patients undergoing cytoreductive surgery and
perioperative intraperitoneal chemotherapy for diffuse malignant peritoneal
mesothelioma. Ann Surg Oncol. 2007;14:41–9.
37. Munkholm-Larsen S, Cao CQ, Yan TD. Malignant peritoneal mesothelioma.
World J Gastrointest Surg. 2009;1:38–48.
38. Yan TD, Yoo D, Sugarbaker PH. Significance of lymph node metastasis in
patients with diffuse malignant peritoneal mesothelioma. Eur J Surg Oncol.
2006;32:948–53.
39. Kaya H, Sezgı C, Tanrıkulu AC, Taylan M, Abakay O, Sen HS, et al. Prognostic
factors influencing survival in 35 patients with malignant peritoneal
mesothelioma. Neoplasma. 2014;61:433–8.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

