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Abstract
The prognostic prediction after radical resection of gastric cancer patients has not been well established.
We aimed to establish a prognostic model based on a new score system, which included another clinical
routine serum marker. Methods 904 patients who underwent surgery at the First Affiliated Hospital of
Anhui Medical University from January 2010 to January 2011 were included. Univariate and multivariate
analyses were used to screen for prognostic risk factors. The construction of the nomogram is based on
the Cox proportional hazard regression model. The construction of the new scoring model is analyzed by
the receiver operator characteristic curve (ROC curve) and then compared with other clinical indicators.
Results Multivariate analysis showed that TNM stage, CEA, SII and age were independent prognostic
factors. The new score system had a higher AUC value than other risk factors, and the C-index of the
nomogram was highly consistent for evaluating survival of gastric cancer patients in The validation
groups and training group. Conclusions Based on the serum markers and other clinical indicators, we
developed a precise model to predict the prognosis of gastric cancer patients after radical surgery. This
score system can provide effective help for surgeons and patients.

Background
Gastric cancer is the second highest mortality cancer [1], almost with 66% of cases happen in the
developing countries [1, 2]. Radical gastrectomy with D2 lymph node cleaning is considered the only
means of curative treatment of patients, which provides a chance of cure and longer survival, however,
the cancer recurrence rate and prognosis are still not optimistic even after radical resection, the 5-years
survival rate remain poor [3]. The TNM stage and other tumor pathological characteristics are related to
the diagnosis of gastric cancer patients, however they are hard to get before surgery. At present, studies
indicated that serum markers correlated with the cancer-specific survival time [4,5,6], among them, widely
used serum markers related to gastric cancer is carcinoembryonic antigen (CEA) , which have been used
as the diagnosis of cancer and to detect for recurrences after surgery[4]. Additionally, there are also other
serum index which can evaluate the prognosis of cancer, neutrophils to lymphocytes ratio (NLR) and
platelets to lymphocytes ratio (PLR) as markers have been researched widely[5,6,7]. Besides, the level of
hemoglobin which are associated the prognosis of patients [8]. In this study, we are trying to find more
clinical serum markers which can help assess the prognosis of gastric cancer patients and then build a
reliable new score system.

The relationship between the tumor and inflammation has studied widely, tumors can lead to
inflammation, which can cause the damage of DNA and micro-metastasis lesions [9], The systemic
inflammatory response (SIR) can weaken the immune function of body, the immune function of body can
promote progression of tumor. Related research found that neutrophils,  lymphocytes and platelets can
play a significant role in the SIR induced tumor[10,11], based on peripheral lymphocytes, neutrophils, and
platelet count,  the systemic immune-inflammation index (SII) can better reflect the immune and
inflammation status of human body[12,13]. There few clinical research had been published, how to
access the prediction of SII and other serum markers together for overall survival in gastric cancer
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patients is a big problem. Nomograms was a statistic model with a high reliability. In this research, we
have established a new nomogram to explore the value of blood markers and then built a reliable model
to predict overall survival after radical resection of gastric cancer.

Methods
2.1 Patients.

We collected blood data and clinical data from gastric cancer patients who were hospitalized in the First
Affiliated Hospital of Anhui Medical University from January 2010 to January 2011. We define the
pathological types of GC as follows: adenocarcinoma, signet-ring cell carcinoma, adenosquamous
carcinoma, squamous carcinoma, mucinous cell carcinoma; We define the differentiation level of cancer
as: high differentiation grade, middle and high differentiation grade, medium differentiation, middle and
low differentiation grade, poor differentiation grade, undifferentiated adenocarcinoma, signet ring cell or
mucinous carcinoma. We define the location of the tumor as follows: card gate, heart and fundus,
fundus, fundus and corpus, stomach, antrum, stomach and antrum, the entire stomach.

2.2  Inclusion and exclusion criteria

 According the inclusion and exclusion criteria, patients have been analyzed retrospectively during the
research. The inclusion standards included: 1) All of thr patients were confirmed gastric cancer by
pathological diagnosis; 2) the surgery is definite and complete resection of cancer 3) all of the patients
didn’t have any heart sickness or any important organs failures; 4) all peripheral blood tests have been
acquired in one week before the surgery. The exclusion criteria included; 1) the patients had any previous
malignant tumors or other primary tumors; 2) the patients had accepted any radiotherapy and
chemotherapy; 3) there were some diseases that could interference peripheral blood cells, just like
infection; 4) the patients died in thirty days after the operation during follow-up. A cohort of 904 patients
with gastric cancer have been included in this research.

2.3 Data collection and follow-up.

Patient demographic and clinical pathology data was gathered through our hospital's medical record
room, including age, gender, tumor location, tumor size, differentiation grade, pathological type and so on.
Pathological staging according to AJCC seventh phase TNM staging system classification. The
laboratory data were listed below: neutrophil, lymphocyte, platelet, hemoglobulin and so on.

Peripheral blood examination was performed within 1 week before surgery, the cutoff value of CEA and
hemoglobin was got according to the normal level. we detected the some indexes (NLR, PLR, SII). NLR is
counted by dividing the strict neutrophil count by the stringent lymphocyte count, which is counted by
dividing the stringent platelet count by the stringent lymphocyte count. SII =platelet count × neutrophil
count/ lymphocyte count. These three variables was grouped into low group and high group according to
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the optimal cut-off values which was calculated based on the Youden index [maximum
(sensitivity+specificity-1)][14].

The patients which were enrolled got prospective follow-up. Their follow-up date was acquired by the
phones and the outpatient visits. This behavior is performed at regular intervals (every 90 days in the two
years after surgery, once every 180 days in three or five years, once a year after five years). We followed
all patients and excluded 1004 patients, of whom 804 lost contact, 120 died of non-cancer-related deaths,
and 80 died within 30 days of surgery. Finally, 904 patients with gastric cancer were included in the study.
In the final analysis of this study, all selected subjects were randomized into training (n = 543) and
validation (n = 361) cohorts. This research has been approved by the Ethical Committee and Institutional
Review Board of our hospital.

2.3 Statistical analysis.

We expressed the continuous variables as mean ± standard deviation and analyzed they by Student's T
test; Categorical values were identified by counting(percent）and they were counted by Chi-square test or
Fisher exact test. Multivariate and univariate survival analyses were performed through the Cox
appropriate hazard model. The Harrell Consistency Index (C-index) was used in the nomogram to
evaluate the prognostic model of gastric cancer patients. Receiver operating characteristics curve (ROC)
was used to verify the accuracy of new score system in the nomogram. The larger C-index and the area
under the ROC curve (AUC), the more precise of the prediction.The entire data description was performed
using SPSS app (version 16.0) and RStudio software (1.1.447- 2009–2018; RStudio, Inc.).

Results
3.1 The cutoff value of NLR, PLR and SII

We define the pre-operative NLR, PLR and SII critical points by the ROC curve of the largest Judden index
[13]. The cutoff value of PLR was estimated to be 160 (sensitivity, 59.3; specificity, 51.8; P = 0.001), and
the cutoff value of NLR was 2 (sensitivity, 52.6; specificity, 54.4; P ≤ 0.001), and the cutoff value of SII
was 475.6 (sensitivity, 47.8; specificity, 70.0; P ≤ 0.001), according to the Youden index.

3.2 Baseline characteristics

Baseline characterization of 904 patients (543 from the training analysis and 361 from the validation)
showed that there were no statistically significant differences between the training and validation groups
(p > 0.05) (Table 1).

3.3 Prognostic factors of the training cohort

Univariate risk factors of overall survival are shown in Table 2. The result showed that gender, age, CEA,
NLR, PLR, SII, tumor size, TNM and hemoglobin were significant indicators, P values of variables less
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than 0.05 in univariate analysis were includes in the multivariate analysis. The results showed that TNM,
CEA, SII and age were independent prognostic factors for OS (Table 3).

3.4 Prognostic nomogram for survival

Based on the cox regression model, a nomogram was constructed to predict the overall survival of the
PADC (Figure 1). For constructing the nomogram, every subgroup variable is assigned a corresponding
score. According the unique situation of each PADC, a point system is used to assign each subgroup
variable and corresponding 1-, 3- to a range of 0 to 0. The score between 100 and the 5-year OS rate is
predicted, and the nomogram scoring system is located in Table 4.

3.5 Validation of the nomogram

We used calibration curves to testify the model in the prediction of the overall survival of PADC patients
(Fig. 2, Fig.3, Fig. 4 and Fig.5). The C-index of the model in training group was 0.736, and this value was
0.651 in the validation group. To further testify the model's performance in the diagnosis of patients with
gastric cancer, we plotted the receiver operating characteristic curve (ROC) of the nomogram (Figure 6)
and the area under the receiver-related operational characteristic curve (AUC) of the nomogram. . Very
large, indicating that the constructed nomogram is a reliable scoring system.

3.6 Decision curve analysis (DCA) of the nomogram

DCA graphically showed the new model for predicting 3-, 5-year survival (Fig. 7-10) to verify its clinical
utilization in the training group and validation group.

3.7 the Kaplan–Meier curves

In addition, we divided the training team into three sub-groups based on the following:

The total number of points in the nomogram (low risk: <60; medium risk: 60-120; high risk: > 120) (Figure
11). The excellent results were showed by Kaplan–Meier curve.

Discussion
Surgery is considered the only means of curative treatment of gastric cancer. Because of the limit of
techniques, early gastric cancer is usually difficult to detect and often causes a bad prognosis. The
current 5-year survival rate is very low. Therefore, many researchers have made many contributions to
improve the prognosis of patients with gastric cancer. Researches have presented that the elevated levels
of markers may be related to the prognosis in patients with gastric cancerLymph node metastasis, tumor
size, degree of differentiation, and TNM staging were defined as prognostic factors. Because these
prognostic factors are difficult to assess before surgery, the study of serum prognostic markers has been
extensively studied in recent years. As far as we know, this study is the first to develop a prognostic
nomogram that combines serum markers (including inflammatory markers, nutritional markers, and
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tumor markers) with clinicopathological features to estimate 1 year, 3 years, and A 5-year probabilistic
annual OS and a highly accurate prediction of the prognosis of patients with gastric cancer. Based on
multivariate analysis, the results showed that TNM stage, CEA, globulin, SII and age were independent
prognostic factors for OS. So, we developed a nomogram of these markers, and the C-index was 0.736,
which indicated our new model is highly accurate in predicting the prognosis of gastric cancer patients.
Moreover, the AUC of the nomogram is larger than the AUC of other independent factors, the DCA also
verified its clinical utilization. Therefore, the nomogram based on multiple factors has greater prognostic
value of gastric cancer patients.

In recent years, Nomograms showed high reliability for predicting tumor prognosis as a statistic model.
Nomogram have better value for predicting prognosis than TNM stage in many cancer [15,16], this model
has been identified as a new standard, and our study had got the same conclusion, the AUC of the
nomogram is similar to the AUC of TNM, it can be applied in the clinic, which can help surgeon to
evaluate the prognosis of patients and take appropriate treatment.

Our nomogram contains four variables in which SII was an insignificant factor. Studies have suggested
that systemic inflammation is an important factor affected the progression and long-term survival of
cancer patients [17]. As simple and inexpensive clinical markers, NLR and PLR can reflect the state of
inflammation, and are associated with poor prognosis of some cancer patients, but SII was less reported
which can combined neutrophil count, platelet count and lymphocyte count. In this study, NLR and PLR
were related to the prognosis of gastric cancer patients, while SII was an independent risk factor, SII had
an better predictive ability. The possible mechanism is that the systemic inflammation caused by
malignant tumors can releases a large number of pro-inflammatory mediators, such as CRP, fibrinogen,
VEGF, TGF-a, and so on. These factors stimulate tumor growth and metastasis [21], meanwhile the anti-
tumor immune response of T cells and natural killer cells in the system may are surrounded by a number
of neutrophils, this may decrease the opportunity to contact with tumor cells and have adverse effect on
the prognosis of patients [18,19], besides, platelets can also promote tumor growth by increasing
angiogenesis via VEGF [20]. So SII should be included in the regular assessment index of gastric cancer
patients.

CEA was an regular marker for screening the recurrence of cancer, our study verified that CEA was an
independent risk marker, we need to take more attention for the patients with high CEA level. Age was
also an insignificant factor, our result was consistent with previous study[21], the old patients has poor
body function which can permit loco-regional recurrence, thus it can have an adverse on the prognosis of
gastric cancer patients. In order to find early recurrence and metastasis of patients with high level of SII,
old age, high CEA level and high TNM stage, they need more follow up and examination, and the surgeon
should take comprehensive and make an appropriate treatment plan for these patients.

Our research has several potential limitations: First, this is a single-centered study, which has not enough
cases to verify the results; second, the included patients who had undergone surgical resection for gastric
cancer could not behalf all patients.
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  In summary, TNM stage, CEA, SII and age were risk factors for the prognosis of gastric cancer patients,
and the novel nomogram model had reliable prognostic value for patients.
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Figures

Figure 1

Nomogram for predicting overall survival after curative resection of gastric cancer
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Figure 2

Calibration curves of the prognostic nomogram for 3-year overall survival in the training set
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Figure 3

Calibration curves of the prognostic nomogram for 5-year overall survival in the training set
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Figure 4

Calibration curves of the prognostic nomogram for 3-year overall survival in the validation set.
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Figure 5

Calibration curves of the prognostic nomogram for 5-year overall survival in the validation set.
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Figure 6

The ROC curve of the prognostic nomogram in the training set.
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Figure 7

The DCA curve of the prognostic nomogram for predicting 3-year overall survival in the training set.
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Figure 8

The DCA curve of the prognostic nomogram for 5-year overall survival in the training set
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Figure 9

The DCA curve of the prognostic nomogram for 3-year overall survival in the validation set.
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Figure 10

The DCA curve of the prognostic nomogram for 5-year overall survival in the validation set.
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Figure 11

Survival curves stratified by the score calculated by the nomogram in the training cohort (low risk: <60;
intermediate risk: 60–120; and high risk: >120).


