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Abstract
Background Studies have shown that in�ammation-associated blood cell markers are associated with
prognoses in a variety of tumors. However, the prognostic signi�cance of these markers for gastric cancer
(GC) is still not very clear. This article aims to explore its value of GC prognostic assessment.

Methods From July 2011 to July 2016, 353 GC patients with surgical treatment were enrolled in this
retrospective study. Patients’ demographics were analyzed along with clinical and pathologic data. The
chi-square test was used to evaluate relationships between the markers and other clinicopathological
variables; The Kaplan–Meier method and Cox regression proportional hazard model were performed to
evaluate prognostic factors.

Results Univariate analysis indicated T stage, N stage, vascular tumor thrombus, tumor long diameter,
Bormann Classi�cation, preoperative MWR (monocyte/leukocyte ratio), preoperative serum CEA levels are
prognostic factors for GC. Multivariate analysis showed that preoperative MWR, tumor differentiation,
and tumor length were independent prognostic factors in patients with GC. The boundary value of MWR
is 0.8.

Conclusion Preoperative MWR was convenient, simple marker of gastric cancer, might be useful for the
evaluation of prognosis of patients with GC. Comparing with TNM stage, tumor differentiation was a
more reliable pathological factor evaluating recurrence.

Background
Gastric cancer (GC) is one of the most common tumors worldwide. In 2015,the number of deaths caused
by gastric cancer in China ranked second among all tumor-related deaths[1]. Most patients with gastric
cancer are already in advanced or even advanced stage of diagnosis because it lacks early speci�c
symptoms and signs, and it often progresses rapidly. Although there are many treatments for gastric
cancer, surgical resection is still the only way to cure patients. Postoperative metastasis and recurrence
are the most common causes of death in patients with gastric cancer[2, 3]. It is currently believed that
preoperative status, treatment plan, postoperative TNM stage, pathological features of the tumor
(Bormann classi�cation, Lauren type, degree of differentiation) and other factors can affect the prognosis
of gastric cancer[3]. However, these markers can only be obtained after surgery. Therefore, we need some
new markers which able to predict the risk of recurrence in patients with gastric cancer.

In recent years, studies have shown that systemic in�ammatory response is closely related to tumor
progression and invasion. In addition, there is a large amount of evidence that the in�ammatory response
is earlier than the malignant transformation of tissue cells, which promotes the development of tumors
[4]. Nowadays, many studies have reported that some hematological markers and scoring systems can
simplify and standardize the measurement of systemic in�ammatory response to clinical practice.
Including C-reactive protein ( CRP) / albumin (ALB ), neutrophil / lymphocyte ratio (NLR), platelet /
lymphocyte ratio (PLR), etc[1, 2, 4–8]. Besides, blood test markers: neutrophil-to-1ymphocyte ratio (NLR),
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platelet to lymphocyte ratio (PLR), monocyte to lymphocyte ratio (monocyte to lymphocyte ratio, MLR)
and coagulation test markers: �brinogen (Fbg), can re�ect the balance between tumor in�ammatory
levels and anti-tumor immunity[9–11]. In addition, there are many combinations of in�ammatory cell
markers such as lymphocyte-to-white blood cell ratio (LWR), neutrophil-to-white blood cell ratio (NWR),
monocytes. /Monocyte-to-white blood cell ratio (MWR) also has a certain signi�cance in tumor
prognosis[12, 13].

Studies have shown that more than 15% of tumor pathological sections around the in�ammatory cell
in�ltration can be observed through histopathological examination [14] and the in�ammatory response is
a non-speci�c reaction in the body that may be associated with ischemia, hypoxia, tissue damage, and
tumor necrosis in tumor progression[12]. During the progression of the tumor, local in�ammatory
reactions lead to changes in the neuroendocrine system and tissue blood supply, which is the main
mechanism for tumor cells to escape the immune system of the body and continue to develop[15, 16].
Although studies have con�rmed the relationship between some in�ammatory markers and gastric
cancer, but others like LWR, NWR, and MWR are still unclear. Therefore, further research is needed to
clarify the relationship between gastric cancer and in�ammatory markers, especially LWR, NWR, MWR
[17, 18].

Methods
Patients

A total of 353 patients who underwent gastric cancer surgery (radical surgery + palliative surgery +
abdominal exploration) from July 2011 to July 2016 at Peking University Cancer Hospital were collected.
The clinical data were obtained from the medical records of the patients in the hospital.

Case selection

(1) Patients who have been diagnosed with gastric cancer by endoscopic pathology or postoperative
pathology at Peking University Cancer Hospital; (2) No blood transfusion, chemotherapy, infection, etc. or
other related factors may affect blood routine and coagulation function before data collection
Abnormalities; (3) recurrence of gastric cancer within 3 or 3 years of follow-up; (4) patient history, family
status, physical examination report and other complete information, and no other tumors.

Exclusion criteria

(1) perioperative death; (2) death due to non-neoplastic disease; (3) combined with other tumors; (4)
preoperative detection of acute in�ammation or rheumatoid arthritis and other autoimmune diseases (5)
The results of routine blood tests were absent within one week before surgery; (7) acute serious
complications or death occurred within 30 days after surgery. (8) No radical surgery or palliative
resection. (9) Patients receiving neoadjuvant chemotherapy (10) missing complete pathology report after
operation
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After screening according to inclusion criteria and exclusion criteria, a total of 353 patients were included
in the retrospective study. These patients had complete clinical medical records, pathology data, and
follow-up data. The above study was approved by the Ethics Committee of Peking University Cancer
Hospital.

Data collection

The patient's basic condition, laboratory test results, preoperative colonoscopy and pathology report,
postoperative routine pathology report, and surgical pathological stage were collected. The basic
conditions include age, height, weight, and surgical procedure; laboratory tests are complete preoperative
blood routine results, including white blood cell count, neutrophil count, lymphocyte count, monocyte
count, platelet count, platelet distribution width, Average platelet volume, hemoglobin, red blood cell
distribution width, hematocrit. The above data were obtained through the medical record retrieval system.
All patients signed informed consent before surgery, and the speci�c surgical procedures were performed
according to relevant guidelines and speci�cations. The surgical approach can be divided into two types:
radical and non-radical surgery. Radical surgery (R0 resection) refers to complete resection of the tumor,
lymph node dissection, and negative margin. Non-radical surgery means that residual tumor tissue can
still be seen under the microscope (R1 resection) or the naked eye (R2 resection) with the tumor removed
and the lymphatic tissue removed. The margin is positive. The pathological type, TNM stage, Bormann
type and degree of differentiation of the tumor were determined by postoperative pathology, and the
eighth stage of AJCC TNM stage was used for tumor stage.

Follow-up                                                   

All patients underwent a return visit. The follow-up data was obtained by outpatient medical records,
telephone follow-up or personal email. The contents include regular physical examination, imaging
examination, laboratory examination and so on. The study endpoint was set to disease-free survival,
de�ned as the time between surgery dates from imaging or pathological evidence of tumor recurrence.
Recurrence was de�ned as a new lesion identi�ed by imaging or histopathology during follow-up. The
follow-up deadline was 2018-1-17.

Factor de�nition

NLR = neutrophil count / lymphocyte count; PLR = platelet count / lymphocyte count; MLR = monocyte
count / lymphocyte count; NWR = neutrophil count / white blood cell count; LWR = lymphocyte count /
white blood cell Count; MWR = monocyte count / white blood cell count.

Statistical methods

The best cut-off point (cutoff value) of each factor is determined according to the ROC (receiver operating
characteristic curve). For patients with an area under the ROC curve of less than 0.5, the index with the
reference range takes the upper limit level, and the factor with no reference range takes the median or
mean according to whether the data conforms to the normal distribution. The continuous variables are
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expressed as (mean + standard deviation) and the Kolmogorov-Smirnov test is used to test whether the
sample data conforms to a normal distribution. Nominal variables between the two groups were
compared using a chi-square test or Fisher's exact probability test, and the ordered variables between the
two groups were compared using the Wilcoxon test, and continuous variables between the two groups
were compared using the t test (bilateral signi�cance level of approximately 0.05).The Kaplan-Meier
method was used to estimate the disease-free survival time of the tumor, and the survival curve was
drawn. If the important prognostic factors were basically balanced, the survival curves of the two groups
were compared by Log-rank test. If important prognostic factors are not balanced, the Cox proportional
hazards model is used to adjust and compare the survival curves of the two groups. The results of the
analysis were generated by the spss20.0 software. All the statistics were tested by two-sided test. When
the P value was less than or equal to 0.05, the difference was considered statistically signi�cant.

Results
GC patient baseline data

The clinicopathological features of patients with GC are shown in Table 1. A total of 356 patients with
complete follow-up data were included in the study. There were 240 males (67.4%) and 113 females
(32.6%). The average age of the patients was 58 years (23-84 years). Ten patients lacked postoperative T
stage data; 8 patients lacked postoperative N stage data; 2 patients lacked Bormann type data; 3 lacked
vascular tumor thrombus data; 223 lacked neurological invasion data; 72 lacked tumors Long-distance
data; 46 people lacked Lauren type; 59 people lack Her-2; 59 people lack Ki-67; 4 people lack white ball
ratio(Table 1).

Threshold values of each factor

Each factor was calculated based on the preoperative peripheral blood test results of the patient (Table
2). Evaluate whether the data is in a normal distribution and determine the critical value.

Survival analysis

Univariate analysis showed that T stage (p < 0.001) (Figure 1), N stage (p < 0.001) (Figure 2), Vascular
tumor thrombus (p < 0.001) (Figure 3), maximum tumor length (p = 0.047) (Figure 4), Bormann
classi�cation (p = 0.047) (Figure 5) , M stage (p = 0.013) (Figure 6), MWR (p < 0.001) (Figure 7), and CEA
levels (p = 0.017) (Figure 8) were all prognostic factors of GC; while Ki-67, Her-2 level, Neurological
invasion, Lauren type, age, gender, BMI, degree of differentiation, PLR, MLR, NWR, LWR, NLR, Alb, white
ball ratio, �brinogen, hemoglobin are not factors in�uencing the prognosis of gastric cancer. Next, Cox
multivariate analysis was performed on the statistically signi�cant results and the in�uencing factors
that were clinically associated with prognosis (Table 3). The results showed that preoperative MWR,
maximum tumor length and tumor differentiation were independent risk factors for the prognosis of
gastric cancer.
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The clinicopathological features between high and low group of MWR, NLR, MLR, LWR, NWR, PLR, Fbg
were analyzed and summarized in Tables 4–10. Respectively, the distribution of clinical data and
pathological factors between the two subgroups of MWR is shown in Table 4. Signi�cant difference was
observed in postoperative pathological T stage (p = 0.019) and hemoglobin levels (p = 0.02). However, no
signi�cant difference was found in other of the factors between the two subgroups. Based on the cutoff
value, patients were classi�ed in the two subgroups of NLR in Table 5, signi�cant differences were
observed according to tumor length (p = 0.047), ki-67 (p = 0.021) and preoperative CEA levels (p = 0.01).
In the two subgroups of MLR, a statistically difference was found in age (p = 0.021), tumor length and
preoperative hemoglobin levels (Table 6). In the two subgroups of LWR, a statistically difference was
found in tumor long diameter (p = 0.05), Ki-67 level (p = 0.039), preoperative hemoglobin level (p = 0.049),
preoperative CEA (p < 0.01) (Table 7).In the two subgroups of NWR, a statistically signi�cant difference in
preoperative CEA levels was observed between the two groups (p = 0.035), while other factors did not
(Table 8).In the two subgroups of PLR, signi�cant differences were observed according to T stage  (p =
0.024), preoperative Hb levels (p < 0.01), preoperative CEA levels (p < 0.01), the Her-2 level (p < 0.01) and
tumor long diameters (p < 0.01)(Table 9). In the two subgroups of Fbg, Signi�cant differences were found
in N-stage (p = 0.01), a vascular tumor thrombus (p = 0.033), and in Lauren type (p = 0.03) (Table10).

Discussion
As early as 1863, Virchow put forward the argument that the body's in�ammatory response is related to
tumor development, invasion, and metastasis [19]. Since then, a large number of studies have shown that
systemic in�ammatory response is not only involved in the occurrence and development of tumors, but
also in association with tumor invasion and metastasis in vivo. Although the relationship between tumor
biological behavior and systemic in�ammatory response is still uncertain, but the relationship between
them seems to be mutual. On the one side, the development of tumors can promote the in�ltration of
related in�ammatory cells, on the another side the in�ltration of corresponding in�ammatory cells is
accompanied by the production of in�ammatory mediators, aggravating the in�ammatory response in
the body[20, 21]. Also, tumor angiogenesis may be associated with in�ammatory cells or in�ammatory
mediators, including IL-6, TNF, neutrophils, and so on. Moreover, these in�ammatory cells or in�ammatory
mediators can also penetrate into the microenvironment of the tumor, promoting tumorigenesis, invasion
and metastasis, thereby affecting the prognosis of cancer patients[22–25]. In terms of gastric cancer,
NLR, PLR, Fbg, and MLR have been shown to have a certain correlation with its occurrence and
development. Bur the relationship between NWR, MWR, LWR and gastric caner is still not certain. This
research system reviews the common in�ammatory markers as follows:

(1) NLR, PLR and MLR

Neutrophils are the most common type of leukocyte, and the ratio of neutrophils to white blood cells is a
commonly used factor for judging the level of in�ammatory response in the clinic. Recent studies have
shown that hematopoietic factors secreted by tumors can up-regulate neutrophil levels in peripheral
blood, and neutrophil levels in invasive tumor patients are higher than those in invasive patients[26]. In
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addition, studies have also reported that neutrophils can not only stimulate tumor growth by inhibiting the
production of tumor necrosis factor, but also secrete substances including matrix metalloproteinase-9,
vascular endothelial growth factor and related cytokines to promote tumor progression[27–29]. NLR is
de�ned as the ratio of neutrophils to lymphocytes in peripheral blood. There is increasing evidence that
NLR can re�ect the balance between tumor in�ammatory response and anti-tumor immunity. In addition,
NLR has also been shown to have a certain relationship to the prognosis of tumors [30–33].

In this study, it suggests that NLR, PLR, and MLR are not independent risk factors for the prognosis of
patients with GC through multivariate analysis, which is inconsistent with the results of some gastric
cancer studies. In the univariate analysis, we found that NLR was not associated with disease-free
survival, but PLR and MLR had some effects. It can be observed from the two survival curves that these
two markers have a tendency to separate from disease-free survival, but have not reached statistical
difference. The reason for this may be as follows: �rstly, this study takes 3 years as the end point of the
study, and the time is relatively short, which may not be enough to re�ect the patient's true outcome.
Secondly, there are more biases in the retrospective analysis, or some factors of the study, such as
radiotherapy and radical surgery, require more sample data to verify.

(2) MWR, LWR, NWR
At present, there are few studies on these three types of blood in�ammatory markers. This study found
that patients' MWR levels are related to the disease-free survival rate of patients. Multivariate analysis
found that MWR is an independent risk factor for the prognosis of patients with gastric cancer. In theory,
the level of white blood cells is positively correlated with the degree of in�ammatory response in the body,
except in patients with severely infected myelosuppression. However, the results of this study suggest
that: elevated MWR often suggests a poor prognosis for patients, that is, monocytes are positively
correlated with patient prognosis, and white blood cells are negatively correlated with patient outcomes.
The possible causes are as follows: 1. As the tumor progresses, the rise of monocytes and leukocytes is
not parallel, the monocyte rises much faster than the white blood cells; 2. In patients with a higher degree
of tumor progression, the white blood cell level is lower. Normal level; 3, the level of white blood cells has
nothing to do with the survival of patients, only the level of monocytes affects the prognosis of patients.
Multivariate analysis indicated that MMW levels, tumor long diameter, and tumor differentiation were
independent risk factors for gastric cancer patients. Classic TNM stage is not an independent risk factor,
which is inconsistent with clinical experience. The reason may be as follows: 1. The sample size of this
experiment is small, and the follow-up data time is less than 5 years. 2. This study used DFS (disease-free
survival time) to judge the prognosis of patients, while the traditional study of TNM stage and OS (Overall
Survival) is more, and its relationship with DFS is worth further exploration.

(3) Fbg (�brinogen)

Plasma �brinogen (Fbg) is synthesized and secreted by liver cells. As a glycoprotein, plasma �brinogen is
directly involved in the blood coagulation process in the form of a blood coagulation factor. Clinically,
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Fbg is a sensitive factor of the reaction of �brinolytic system and hypercoagulable state. Not only that,
�brinogen is also considered to be an adhesion factor involved in tumor cell proliferation, angiogenesis
and metastasis[34, 35]. A large number of studies have shown that high levels of fasting igg in the body
suggest a poor prognosis in patients with various cancers including nasopharyngeal cancer, esophageal
cancer, colorectal cancer, and prostate cancer[29–31]. The negative results of this study may be related to
the small sample size and short observation time of this study, suggesting that further research is
needed.

Conclusion
The detection of blood in�ammatory markers is convenient, simple and useful. However, in blood
in�ammatory markers, only MWR is an independent risk factor for predicting the prognosis of patients
with gastric cancer and is expected to be used to guide patients with further treatment after GC. Besides,
the pathological characteristics of the tumor itself (degree of differentiation and tumor diameter) can
better predict the risk of recurrence in gastric cancer patients.
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Tables
Due to technical limitations, tables are only available as a download in the supplemental �les section

Figures

Figure 1

The Kaplan-Meier survival curves of DFS for patients strati�ed according to prognostic factors: T stage
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Figure 2

The Kaplan-Meier survival curves of DFS for patients strati�ed according to prognostic factors: N stage
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Figure 3

The Kaplan-Meier survival curves of DFS for patients strati�ed according to prognostic factors: Vascular
tumor thrombus
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Figure 4

The Kaplan-Meier survival curves of DFS for patients strati�ed according to prognostic factors: Maximum
tumor length
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Figure 5

The Kaplan-Meier survival curves of DFS for patients strati�ed according to prognostic factors: Bormann
type
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Figure 6

The Kaplan-Meier survival curves of DFS for patients strati�ed according to prognostic factors: M stage
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Figure 7

The Kaplan-Meier survival curves of DFS for patients strati�ed according to prognostic factor: MWR
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Figure 8

The Kaplan-Meier survival curves of DFS for patients strati�ed according to prognostic factor: CEA
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