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ABSTRACT

Accumulating evidence has suggested the crucial role of inflammation in 
carcinogenesis and tumor progression. Additionally, nomogram combined with 
the biomarkers of systemic inflammation response (SIR) are able to predict more 
accurately compared to traditional staging systems. Herein, the study was designed 
to establish a widely accepted prognostic nomogram for gastric cancer (GC) on the 
basis of clinic-pathological characteristics and inflammation-based prognostic scores. 
Clinic-pathological information of 370 patients with pathologically-diagnosed GC who 
received R0 resection was retrospectively reviewed. Concordance index (C-index) and 
calibration curve were employed to assess the predictive accuracy and discriminative 
capacity of the nomogram, followed by comparison with the 7th and 8th AJCC TNM 
staging system. Tumor length, T stage, N stage, M stage, monocyte lymphocyte ratio 
(MLR) as well as Glasgow Prognostic Score (GPS) were integrated in the nomogram. 
The C-index of the nomogram in the primary set (0.83) was higher than that in the 
7th (0.78) and 8th editions TNM staging systems (0.80). Highly consistent outcomes 
between the nomogram and actual observation were presented by calibration curve in 
training and validation cohorts. The time-dependent receiver operating characteristics 
(ROC) curve demonstrated higher sensitivity as well as specificity for 3- and 5-year 
OS prediction in both cohorts. The proposed nomogram was a useful tool for the 
prognostic prediction in subjects with GC undergoing R0 resection.

INTRODUCTION

Gastric cancer (GC) is among the leading causes of 
cancer-related mortality globally, and ranks the second of all 
cancer-related mortality in China, despite a declining global 
incidence [1, 2]. Early-stage GC is generally asymptomatic, 
and the majority of patients are diagnosed at advanced 
stage. Despite great progress of chemotherapy and radiation 
therapy in GC [3], accurate prognostic stratification is still 
an important issue in determining therapeutic strategy. 
Precise classification of tumor stage, including the invasive 
depth as well as lymph node involvement, plays a critical 

role in evaluating prognosis and determining the stage-
specific therapeutic strategy. The AJCC/UICC TNM 
classification is the most well-defined indicator to predict 
survival, which, therefore, plays an essential role in the 
therapeutic strategy of GC patients. In this classification, 
non-metastatic (M0) GC is categorized into seven risk 
groups in accordance with the number of involved 
lymph nodes as well as pathologically invasive depth [4]. 
However, the outcomes of subjects with the same TNM 
stage and undergoing similar therapy generally vary from 
one to another, indicating the inadequateness of the present 
AJCC TNM classification in determining therapeutic 
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strategy and assessing prognosis, because only anatomical 
factors are considered [5]. Other factors, including age, 
sex, gender, tumor size as well as differentiation should 
be taken into consideration for personalized survival 
prediction. Therefore, it is urgently needed to establish a 
new prognostic system that includes all these factors.

Nomogram, a statistics-based method providing the 
overall probability of a specific outcome, has been prevalently 
applied in a series of malignancies, including GC [6–12]. In 
recent researches, nomogram combined with the biomarkers 
of systemic inflammation response (SIR) has been showed to 
harbor more precise prediction compared to traditional stage 
classification in multiple malignancies [9, 13, 14]. The SIR is 
characterized by variations of peripheral blood cell amounts 
and serum biomarkers. Moreover, the systemic inflammation-
based prognostic scores, including Glasgow Prognostic Score 
(GPS), C-reactive protein albumin (CRP/Alb) ratio [15], 
neutrophil lymphocyte ratio (NLR) [16], and lymphocyte 
monocyte ratio (LMR) [17] have emerged as prognostic 
factors in gastric cancer [18, 19]. The above-described factors 
are cost-effective, routinely performed in clinical practice, 
which, therefore, might be used for prognostic prediction by 
using accessible objective data. Nevertheless, few researches 
have reported on establishing a prognostic nomogram of 
GC by collaborating these factors. GPS, NLR as well as 
CRP/Alb are defined as risk factors, while LMR is defined 
as a protective factor. In this study, we selected monocyte 
lymphocyte ratio (MLR) as a risk factor and together with 
other inflammation-based prognostic scores (GPS, NLR 
and CRP/Alb) as well as clinic-pathological parameters as 
potential prognostic factors in order to construct a prognostic 
nomogram for resectable GC. Moreover, the study was also 
designed to assess the advantage of this nomogram over the 
7th and 8th edition of AJCC TNM staging systems in terms 
of precise prediction of survival.

RESULTS

Patient characteristics

The clinic-pathologic characteristics in both training 
cohort (n=370) and validation cohort (n=101) were shown 
in Table 1. The median age in training set and validation 
set was 61 years (range, 27–85 years) and 60 years (range, 
32–78 years), respectively. Over the follow-up period, 
80 subjects died (median follow-up, 29.51months) in the 
training cohort, with the median OS not being obtained. In 
terms of validation set, 46 (62.2%) subjects died (median 
follow-up, 25.1 months), with the median OS of 33.41 
months (ranging from 2 to 77 months).

Associations of inflammatory response 
biomarkers with OS

KM survival analysis along with log-rank tests 
were conducted on the basis of the postoperative survival 

in the training cohort to assess the potential correlation. 
As a result, MLR (≥0.35) (P=0.002), CRP/Alb (≥0.16) 
(P<0.018), GPS (2 vs 0) (P=0.014), but not NLR (≥1.83) 
(P=0.203), were significantly related to reduced decreased 
OS (Figure 1A–1D).

Nomogram development and internal validation.

Cox regression model was used to further assess 
the inflammatory response indicators as well as clinic-
pathological factors in predicting in a univariate 
analysis. Consequently, it revealed that gender, tumor 
length, degree of differentiation, location, TNM stage, 
chemotherapy, MLR, CRP/Alb and GPS were prognostic 
factors of OS, while age, type of gastrectomy, retrieved 
lymph nodes and NLR showed no statistical differences 
(Table 2). Multivariate analysis further showed tumor 
length, N stage, M stage, MLR and GPS as independent 
risk factors for OS. Although T stage was insignificance 
in the multivariate analysis, however, in consideration of 
T stage as an important prognostic factor, it was included 
in the nomogram as well. A nomogram integrating six 
factors: tumor length, T stage, N stage, M stage, MLR and 
GPS was ultimately established to predict 3- and 5-year 
OS in the training set (Figure 2). To determine the point 
of every prognostic factor in the nomogram, a line was 
drawn straight upward to the point axis, followed by 
sum up to obtain the total points, which were placed in 
the total point axis. The 3- and 5-year OS was estimated 
by drawing a straight line down from the total point axis. 
The concordance index (C-index) for OS prediction 
was 0.83 (95% CI, 0.78–0.88). The calibration plot for 
the probability of post-operative 3- and 5- year survival 
demonstrated a good correlation between nomogram 
predictions and actual outcomes (Figure 3A, 3B). In the 
validation set, the C-index for OS prediction was 0.83 
(95% CI 0.77~0.88). The calibration curves indicated the 
good performance of the nomogram performed well in 3- 
and 5-year OS prediction (Figure 3C, 3D). Together, the 
above outcomes indicated that the nomogram was a more 
helpful and accurate approach in OS prediction for GC 
subjects undergoing R0 resection.

Comparison of the OS predictive accuracy 
between the nomogram and present TNM 
classification

The major differences between the 7th and 8th 
editions are in the stage IIB and stage III, without any other 
difference among other stages. As shown in Figure 4, the 
7th and 8th AJCC classifications harbored relatively good 
prognostic discrimination in the majority of population. 
Nevertheless, the 7th and 8th AJCC classifications failed 
to discriminate subjects between stages IB and IIA, IIB 
and IIIA; between stages IB and IIA, IIB and IIIA, IIIC 
and IV, respectively.
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Table 1: Clinical characteristics of patients with gastric cancer undergoing R0 resection

Variable Primary Cohort (N=370) Validation Cohort (N=101)

No. of Patients % No. of Patients %

Gender

  Male 264 71.4 69 68.3

  Female 106 28.6 32 31.7

Age

  <62 183 49.2 51 50.5

  ≥62 187 50.3 50 49.5

Helicobator pylori

  Negative 130 35.1 38 37.6

  Positive 240 64.9 63 62.4

Tumor size

  <5cm 256 68.8 57 56.4

  ≥5cm 114 30.6 44 43.6

Degree of 
differentiation

  Poorly+signet ring 
cell 194 52.2 59 58.4

  Moderately 165 44.4 40 39.6

  Well 11 3.0 2 2.0

Location

  Upper third 37 9.9 11 10.9

  Middle third 96 25.8 23 22.8

  Lower third 209 56.2 56 55.4

  Diffuse 28 7.5 11 10.9

Type of gastrectomy

  Subtotal 246 66.5 67 66.3

  Total 124 33.5 34 33.7

Depth of invasion

  T1 87 23.5 7 6.9

  T2 64 17.3 13 12.9

  T3 120 32.4 41 40.6

  T4a 69 18.6 25 24.8

  T4b 30 8.1 15 14.9

LN status

  N0 155 41.7 40 39.6

  N1 58 15.6 7 6.9

  N2 60 16.1 13 12.9

(Continued)
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Variable Primary Cohort (N=370) Validation Cohort (N=101)

No. of Patients % No. of Patients %

  N3a 72 19.4 31 30.7

  N3b 25 6.7 10 9.9

Metastasis

  NO 349 93.8 87 86.1

  YES 21 5.6 14 13.9

Retrieved lymph nodes

  ≤15 156 44.3 43 42.6

  >15 214 55.7 58 57.4

Chemotherapy

  NO 207 55.9 11 10.9

  Yes 163 44.1 90 89.1

The 7th TNM stage 
(AJCC)

  IA 77 20.7 5 5.0

  IB 38 10.2 9 8.9

  IIA 55 14.8 21 20.8

  IIB 39 10.5 11 10.9

  IIIA 35 9.4 7 6.9

  IIIB 57 15.3 13 12.9

  IIIC 48 12.9 21 20.8

  IV 21 5.6 14 13.9

The 8th TNM stage 
(AJCC)

  IA 77 20.7 5 5.0

  IB 38 10.2 9 8.9

  IIA 55 14.8 21 20.8

  IIB 39 10.5 11 10.9

  IIIA 53 14.2 9 8.9

  IIIB 61 16.4 22 21.8

  IIIC 26 7.0 10 9.9

  IV 21 5.6 14 13.9

NLR

  <1.83 124 33.5 33 32.7

  ≥1.83 246 66.5 68 67.3

MLR

  <0.35 291 78.6 78 77.2

  ≥0.35 79 21.4 23 22.8

(Continued)
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When compared with the 7th and 8th editions 
TNM classification, the nomogram displayed better 
survival predicting value in both sets. The C-index of the 
nomogram (0.83) was higher than that in the 7th (0.78) 
and 8th editions TNM staging systems (0.80) in training 
set. Consistently, the C-index of the 7th (0.78) and 8th 
editions TNM staging systems (0.79) was lower than 

that of the nomogram (0.83) in validation set. The ROC 
curve revealed higher sensitivity and specificity for OS 
prediction at 3- and 5-year of follow-up in both cohorts 
(Figure 5). Collectively, the above-described outcomes 
indicate a better performance of the nomogram compared 
to the AJCC TNM classification in OS prediction in GC 
patients undergoing R0 resection.

Variable Primary Cohort (N=370) Validation Cohort (N=101)

No. of Patients % No. of Patients %

CRP/Alb

  <0.16 213 57.3 65 64.4

  ≥0.16 137 36.8 33 32.7

GPS

  0 179 48.4 50 49.5

  1 122 33.0 16 15.8

  2 49 13.2 35 34.7

Abbreviations: AJCC: American Joint Committee on Cancer; NLR: neutrophil lymphocyte ratio; MLR: monocyte 
lymphocyte ratio; CRP/Alb: C-reactive protein albumin ratio; GPS: Glasgow Prognostic Score

Figure 1: Kaplan–Meier curves for overall survival probability according to preoperative NLR, MLR, CRP/Alb and 
GPS. Kaplan–Meier analysis for OS according to (A) preoperative NLR, (B) preoperative MLR, (C) preoperative CRP/Alb, and (D) 
preoperative GPS.
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Table 2: Univariate and multivariate cox regression analyses for overall survival in patients with gastric cancer 
undergoing R0 resection

Variable Univariate analysis Multivariate analysis

HR (95%CI) P HR (95%CI) P

Gender

  Male vs Female 1.85(1.06-3.24) 0.032 1.50(0.84-2.69) 0.175

Age (median age: 62)

  <62 vs≥62 1.07(0.69-1.66) 0.780 -

Tumor length

  <5cm vs ≥5cm 0.28(0.18-0.44) <0.01 0.48(0.29-0.79) 0.004

Degree of differentiation

  Poorly+signet ring cell 1 1

  Moderately 0.51(0.32-0.81) 0.004 0.81(0.48-1.35) 0.417

  Well 0.01(0-10.11) 0.960 0.02(0-11.12) 0.973

Location

  Upper third 1 1

  Middle third 1.92(0.79-4.67) 0.153 1.35(0.53-3.43) 0.530

  Lower third 1.22(0.52-2.88) 0.653 1.07(0.44-2.60) 0.886

  Diffuse 3.83(1.41-10.40) 0.008 2.12(0.74-6.03) 0.160

Type of gastrectomy

  Subtotal vs Total 0.52(0.337-0.815) 0.524 -

T stage

  T1 1 1

  T2 2.20(0.70-6.93) 0.178 1.21(0.35-4.22) 0.763

  T3 5.73(2.24-14.68) <0.01 2.22(0.77-6.41) 0.139

  T4a 7.67(2.86-20.61) <0.01 1.96(0.60-6.45) 0.267

  T4b 19.50(7.03-54.10) <0.01 1.74(0.49-6.16) 0.389

N stage

  N0 1 1

  N1 1.60(0.64-4.02) 0.315 0.91(0.34-2.41) 0.848

  N2 4.83(2.38-9.80) <0.01 3.02(1.43-6.37) 0.004

  N3a 7.86(4.06-15.22) <0.01 6.62(3.23-13.59) <0.01

  N3b 22.62(10.30-49.69) <0.01 16.79(7.21-39.08) <0.01

M stage

  M0 vs M1 0.20(0.11-0.35) <0.01 0.18(0.10-0.34) <0.01

Retrieved lymph nodes

  ≤15 vs >15 0.71(0.45-1.12) 0.142 -

Chemotherapy

  Yes vs No 1.89(1.21-2.95) 0.005 1.52(0.89-2.60) 0.128

(Continued)
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DISCUSSION

SIR has been increasingly demonstrated to be 
critically involved in tumorigenesis and tumor progression 
[20]. Cancer related inflammation is capable of reducing 
the antitumor activity of the host via recruitment of 
immunosuppressive cells, including regulatory T cells 
(Treg) [21] and myeloid-derived suppressor cells (MDSC) 
[22]. Diverse cytokines as well as chemokines in the 
tumor microenvironment make a contribution to tumor 

progression and metastasis [23]. Inflammation-based 
prognostic scores, such as GPS, NLR, combination of 
platelet count and neutrophil-lymphocyte ratio (COP-
NLR), and LMR harbor prognostic significance in 
a series of malignancies, including GC [14, 24–26]. 
Notably, GPS, has been prevalently demonstrated with 
prognostic significance in GC, which is considered as an 
inflammation-based prognostic score on the basis of serum 
CRP and Alb levels [18, 27]. Moreover, NLR, a ratio of 
neutrophil to lymphocyte counts, has been revealed to 

Figure 2: Nomogram for predicting 3- and 5-year OS of patients with gastric cancer undergoing R0 resection. To use 
the nomogram, the value attributed to an individual patient is located on each variable axis, and a line is drawn upwards to determine the 
number of points received for each variable value. The sum of these numbers is located on the total point axis, and a line is then drawn 
downwards to the survival axis to determine the likelihood of 3- and 5-year OS.

Variable Univariate analysis Multivariate analysis

HR (95%CI) P HR (95%CI) P

NLR

  <1.83vs ≥1.83 0.74(0.46-1.18) 0.203 -

MLR

  <0.35 vs ≥0.35 0.49(0.31-0.77) 0.002 0.39(0.23-0.65) <0.01

CRP/Alb

  <0.16 vs ≥0.16 0.56(0.35-0.91) 0.018 1.08(0.61-1.91) 0.796

GPS

  0 1 1

  1 1.13(0.52-2.44) 0.753 0.36(0.15-0.89) 0.027

  2 1.81(1.13-2.90) 0.014 1.53(0.92-2.56) 0.102

Abbreviations: AJCC: American Joint Committee on Cancer; NLR: neutrophil lymphocyte ratio; MLR: monocyte 
lymphocyte ratio; CRP/Alb: C-reactive protein albumin ratio; GPS: Glasgow Prognostic Score
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be a potential independent prognostic indicator in GC 
[16]. Due to the absence of generally-applied prognostic 
model for GC subjects undergoing R0 resection, herein, 
we aimed at assessing the prognosis of GC subjects on 
the basis of inflammatory response biomarkers, followed 
by establishment of a nomogram for more accurate 
prediction.

In this research, there was a significant correlation 
of pre-operative MLR, CRP/Alb and GPS in the peripheral 
blood with OS in GC subjects. The Pre-operative MLR as 
well as GPS scores were independent prognostic factors. 
Despite the previously-reported prognostic significance 
of NLR NLR, however, failed to serve independent 
prognostic marker in our study. This phenomenon might 

be due the retrospective nature of this study, leading to a 
potential selection bias when collecting information.

Despite the significant role of single serum marker 
for the prognosis of tumor patients, it is insufficient for 
survival prediction in a clinical set. A series of combined 
factors in a single index is likely to enhance the predictive 
potential. Among them, nomogram, a combination of 
clinicopathological features, could enhance personalized 
survival prediction [12, 29]. In this research, on the 
basis of certain clinical characteristics and inflammatory 
response biomarkers, a nomogram was established 
for survival prediction in training and validation sets 
of GC subjects, which accurately predicted the 3- and 
5-year OS, as indicated by calibration curves in training 

Figure 3: Validation of nomogram for 3-year and 5-year OS of patients with gastric cancer undergoing R0 resection. 
The calibration curve of the nomogram for predicting patient survival at 3-year (A) and 5-year (B) in the primary cohort. The calibration 
curve for predicting patient survival at 3-year (C) and 5-year (D) in the validation cohort. The blue dashed line represents the “ideal” line 
of a perfect match between predicted and observed survival. The red line indicates the performance of the proposed nomogram. Red dots 
are sub-cohorts of the data set. Vertical bars represent 95% confidence interval.
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Figure 4: Comparative survival analysis on discriminatory ability and accuracy. (A), survival curves of patients according to 
7th AJCC TNM staging system. (B), survival curves of patients according to 8th AJCC TNM staging system. The significance of difference 
between survival curves were calculated by the log-rank test.

Figure 5: Validation of nomogram for 3-year and 5-year OS of patients with gastric cancer undergoing R0 resection. 
Time-dependent receiver operating characteristic (ROC) curves by nomogram, 7th AJCC-TNM staging system and 8th AJCC-TNM staging 
system for 3-year (A) and 5-year (B) OS in the primary cohort; ROC curves by nomogram, 7th AJCC-TNM staging system and 8th AJCC-
TNM staging system for 3-year (C) and 5-year (D) OS in the validation cohort.
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and validation sets. In addition, as shown by Harrell’s 
c-indexes and the ROC curve, this nomogram harbored 
significantly better capacity of OS prediction, and higher 
sensitivity and specificity for 3- and 5-year OS prediction 
than the 7th or 8th TNM classification, respectively.

In spite of the relatively good precision of this 
nomogram in survival prediction, there existed certain 
limitations in this study. To begin with, the establishment 
of this nomogram was only based on a single Chinese 
institution. Secondly, due to the retrospective nature of 
study, selection bias might occur when collecting data. 
The last but not least, in previous studies, the reported 
thresholds were inconsistent, which were employed in 
the definition of increased inflammation-based prognostic 
scores. To this end, large, multi-center and prospective 
studies are required for further validation.

Taken together, a novel nomogram integrating 
systemic inflammation scores, was established and 
internally validated for accurate prediction of 3- and 5-year 
OS of GC. This newly-established nomogram harbored 
a better discriminative ability compared to the 7th and 
8th TNM staging system, which estimated personalized 
risk for GC subjects as well as. Further researches are 
warranted to assess the application of this nomogram in 
other patient groups.

MATERIALS AND METHODS

Patients

Between January 2010 and December 2016, clinic-
pathological data from 370 cases of newly diagnosed 
gastric adenocarcinoma patients who underwent R0 
surgical resection at the Third Affiliated Hospital of 
Soochow University were analyzed retrospectively. 
For nomogram construction and validation, all enrolled 
subjects were assigned to the training cohort (n=370), 
one third of whom were assigned to the validation cohort 
(n=101). Exclusion criteria included severe comorbidities, 
previous surgical history due to GC, lymphadenectomy 
not using D2, gastric stump cancer, R1 or R2 resection, 
preoperative radiotherapy, and/or chemotherapy. Patient 
demographics, surgical features, tumor characteristics 
as well as the number of resected and metastatic lymph 
nodes were collected. Patients were staged by the 7th and 
8th editions of AJCC TNM classification. After collection 
of peripheral blood from each subject prior to surgery, 
neutrophils, lymphocytes, monocyte counts, serum CRP 
as well as Alb levels were examined. The definition and 
calculation of the inflammation-based prognostic scores in 
this study were shown in the following: (1) GPS, subjects 
with CRP >10 mg/L and albumin <35 g/L were given 
2 scores; subjects with CRP > 10 mg/L or albumin <35 
g/L were given 1 score; and subjects with both CRP <10 
mg/L and albumin>35 g/L were given 0 score. (2) Optimal 
cutoff values, such as NLR (NLR<1.83, NLR≥1.83), MLR 

(MLR<0.35, MLR≥0.35) and CRP/Alb (CRP/Alb<0.16, 
CRP/Alb≥0.16) were detected via X-tile software 
(https://medicine.yale.edu/lab/rimm/research/software.aspx) 
[28].

Follow-Up

Follow-up was regularly conducted on each subject 
every three months for the first two years, every six 
months for the next three years, and annually thereafter. 
All patients received physical exmination, laboratory, 
imaging, as well as endoscopy examination to evaluate 
whether there was any relapse or metastasis. The last 
follow-up of survivors was carried out at the end of 
December 2016. Phone calls and regular mail represented 
two approaches of follow-up. The observation time was 
defined as the time from the surgical date to last follow-
up or death. Survivors were assessed by the last follow-
up. The median follow-up was 24.5 months (ranging 
from 2 to 81 months). All subjects signed provided 
informed consent. The study was carried out according 
to the Declaration of Helsinki, and gained approval from 
the ethics committee of the Third Affiliated Hospital of 
Soochow University.

Statistical analysis

SPSS 17.0 for windows (SPSS, Chicago, IL) as well 
as R software version 3.2.0 (http://www.r-project.org/) 
with Hmisc, rms, and survival ROC packages were utilized 
for statistical analysis. Overall survival (OS) was defined 
as the time from surgery to death or the last follow-up 
date. Kaplan–Meier (KM) method was employed to 
generate survival curves, followed by comparison by 
the log-rank test. The variables were selected based on a 
priori clinical hypotheses, which had been shown to be 
related to survival in a previous study, hence, there these 
variables were enrolled into prognostic characteristics. 
These factors included gender, age, tumor length, degree 
of differentiation, location, retrieved lymph nodes, 
TNM stage, chemotherapy, type of gastrectomy, NLR, 
MLR, CRP/Alb and GPS. All variables with P<0.05 in 
univariate analyses were further included in multivariate 
Cox’s proportional hazards model, based on which, 
the nomogram was established. A backward stepdown 
selection process with the AIC was used to select the final 
model. Both discrimination and calibration were examined 
to fully assess the performance of nomogram. Specifically, 
time-dependent receiver operating characteristics (ROC) 
curve as well as C-index were employed to compare the 
discrimination ability of OS among different models. 
Confidence intervals (CIs) were obtained by creating 1000 
bootstrap samples from the entire dataset and replicating 
the estimation process. A larger C-index indicated the 
more accuracy of the prognostic prediction [29]. During 
nomogram validation, the total points of every subject 
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of validation set were calculated in line with established 
nomogram, followed by Cox regression integrating the 
total points as a factor, as well as subsequent C-index and 
calibration curve on the basis of the regression analysis. 
Nomogram was constructed and further validated 
according to relevant guide. P≤0.05 was considered to be 
statistically significant unless otherwise specified.
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