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Purpose: Inflammation is closely associated with prognosis in gastric cancer (GC). We

aimed to assess the predictive value of existing inflammatory and tumor markers in GC, to

establish a systemic score based on valuable predictors for early risk stratification of patients,

and to create a nomogram for individual risk prediction.

Patients and Methods: We retrospectively analyzed 401 GC patients who underwent

curative gastrectomy from 2007 to 2016.

Results: Through univariate and multivariate survival analysis, age (>60 years), depth of

invasion (pT3–4), lymph node invasion (pN1–3), histologic classification (poor), adjuvant

chemotherapy (no), albumin fibrinogen ratio (AFR) (<13.33), and carbohydrate antigen 19-9

(CA19-9) (>27 U/mL) independently indicated inferior disease-free survival (DFS). In addition,

depth of invasion, lymph node invasion, histologic classification, adjuvant chemotherapy, AFR,

and CA19-9 were incorporated in the prediction of cancer-specific survival (CSS). A combined

AFR and CA19-9 prognostic score (CACPS) was established. Lower AFR (<13.33) and higher

CA19-9 (>27 U/mL) were allocated 1 point each in the CACPS (range, 0–2). CACPS can be

used as an independent predictor for DFS and CSS in multivariate analysis (for DFS: CACPS 1:

HR=2.039, 95% CI: 1.357–3.065, P=0.001; CACPS 2: HR=2.419, 95% CI: 1.397–4.186,

P=0.002; for CSS: CACPS 1: HR=2.035, 95% CI: 1.292–3.205, P=0.002; CACPS 2:

HR=2.255, 95% CI: 1.252–4.059, P=0.007), with a higher CACPS indicating poor survival

according to Kaplan–Meier curves (both P<0.001). Moreover, a nomogram for DFS and CSS

was generated using the significant characteristics in the multivariate analysis, which exhibited

high accuracy (for DFS: C-index=0.743, 95% CI: 0.698–0.788; for CSS: C-index=0.766, 95%

CI: 0.718–0.814) versus tumor–node–metastasis staging (for DFS: C-index=0.692, 95% CI:

0.650–0.734; for CSS: C-index=0.720, 95% CI: 0.675–0.764).

Conclusion: Preoperative CACPS exhibited high accuracy in predicting prognosis for GC

patients who underwent curative resection.
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Introduction
Although its morbidity and mortality have been declining in recent decades, gastric

cancer (GC) remains the third leading cause of cancer-related death worldwide.1,2 There

are large differences in incidence among various global regions. Nearly 60% of GC

occurs in Eastern Asia, including China, with 30 cases per 100,000 population per year.3

Although surgical treatment remains important, technological advancements over recent

years mean that nanobiology, photothermal techniques, and other modalities have
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received increasing attention.4–6 However, survival rates for

GC remain poor, even with radical surgery and adjuvant

chemotherapy.7,8 This is compounded by the high incidence

of GC in less developed regions where, even after radical

treatment, patients often refuse regular examinations due to

economic reasons. This impedes the timely detection of poten-

tial recurrence or metastasis, delaying the initiation of retreat-

ment. It is therefore urgent to explore economic and effective

biomarkers to predict the postoperative survival of GC

patients. Such tools may help to identify high-risk patients

early, and encourage more regular or more frequent reviews.

Systemic inflammation has been proven to play

a critical role in malignancies, including GC, by promoting

initiation and metastasis.9–12 Tumors produce inflamma-

tory cytokines and specific chemokines, recruit and acti-

vate various circulating leukocytes, and are infiltrated by

leukocytes.11,12 Additionally, the leukocytes and activation

platelets secrete several interleukins (IL), fibrinogen (Fib),

and growth factors; they also promote an inflammatory

response, and facilitate tumor progression by immune

response subversion, stimulation of angiogenesis, induc-

tion of vascular permeability and extravasation, DNA

damage, and inhibition of DNA repair.9,13,14 Therefore,

biomarkers in the peripheral blood that reflect inflamma-

tion status are considered as potential predictors of tumor

prognosis.

It has recently been recognized that several indicators

in the peripheral blood are independently associated with

adverse prognosis in different types of cancers, including

GC. Such indicators include the neutrophil lymphocyte

ratio (NLR), derived neutrophil lymphocyte ratio

(dNLR), platelet lymphocyte ratio (PLR), lymphocyte

monocyte ratio (LMR), Fib, albumin (Alb), and albumin

fibrinogen ratio (AFR).10,15–19 Furthermore, some classic

tumor markers, including carbohydrate antigen 19-9

(CA19-9), CA 72-4, and carcinoembryonic antigen

(CEA), are routinely used in the diagnosis and monitoring

of GC.20,21 The above indicators are included in routine

preoperative laboratory items in China, and patients do not

have to pay for additional tests. Therefore, we selected

these indicators for evaluation as potential predictive

factors.

The present study aimed to explore independent prog-

nostic factors based on clinicopathological features, as

well as inflammatory indicators and tumor markers, and

establish a scoring system to predict postoperative survival

and progression in GC patients.

Methods
Patients and Data Collection
We retrospectively analyzed the clinicopathological data

for GC patients who underwent curative gastrectomy at the

First Affiliated Hospital of Zhengzhou University (Henan,

China) from October 2007 to May 2016. A diagnosis of

GC was confirmed by histopathology and staged according

to the Union for International Cancer Control/American

Joint Committee on Cancer tumor–node–metastasis

(TNM-UICC/AJCC) classification (8th edition). Baseline

clinicopathological data and therapeutic regiment were

extracted from the medical record, which had been com-

pleted by physicians. According to the guidelines of the

Japanese Research Society for Gastric Cancer (JRSGC),

all patients underwent D1+ or D2 lymphadenectomy.22 D1

+ lymphadenectomy was often indicated for cT1N0 stage

patients, while patients with locally advanced stages

underwent D2 lymph node dissection. After surgery,

5-fluorouracil-based adjuvant chemotherapy was usually

recommended by multidisciplinary discussion, although

patient preference was also considered in the choice of

postoperative treatment.

Enrolled patients met the following inclusion condi-

tions: 1) histologically confirmed stage I–III gastric ade-

nocarcinoma and no preoperative anticancer treatments; 2)

R0 resection; 3) complete clinicopathological (all biomar-

kers to be assessed measured 1 week before surgery); 4)

no other malignancies; 5) no other cause of death except

GC; 6) no parenteral nutrition, acute inflammation, or

significant organ injury within 1 week before surgery. In

this study, 419 cases were enrolled according to the above

inclusion conditions. Ultimately, 401 cases were analyzed,

while 18 cases were lost in the follow-up.

Widely accepted thresholds were used to group the

continuous variables: Fib (400 mg/dL), Alb (35 g/L),

CEA (5 ng/mL), CA19-9 (27 U/mL), and CA72-4 (5 U/

mL). The optimal cut-off values for NLR, dNLR, PLR,

LMR, AFR, and examined lymph nodes were determined

by receiver operating curve (ROC) analysis because of the

current lack of defined thresholds.

Follow-Up
Medical records, register, and telephone investigation are

means of follow-up. The follow-up first included a review

of the patient’s medical records, which were previously

completed by the clinician. This was supplemented in the

final follow-up assessment with telephone investigations
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of patients or family members. In our institute, patients

were followed up every 3 months during the first 2 years,

every 6 months for up to 5 years, and then annually there-

after. Routine follow-up assessment included physical

examination, laboratory testing, electronic gastroscope as

clinically indicated, and dynamic computed tomography

(CT) scan of the chest/abdomen/pelvis. The median fol-

low-up period was 40 months, ranging from 3 to 106

months. Disease-free survival (DFS) was defined as the

time from curative surgery to recurrence, death or final

follow-up. Cancer-specific survival (CSS) was calculated

from the date of surgery to cancer-related death or final

follow-up.

Statistical Methods
We used SPSS 25.0 (IBM Corp, USA) and R 3.5.0 (R core

team, Austria) software to process the data. P≤0.05 was

considered to be statistically significant. An ROC curve

was used to obtain the optimal cut-off value for predicting

CSS by calculating the maximal Youden index. For con-

tinuous variables, the Kolmogorov–Smirnov test was con-

ducted first. If an approximate normal distribution was

displayed, the data were described using the mean and

standard deviation. Otherwise, median values with inter-

quartile range were used.

Variables were grouped according to clinical reasoning,

with grouping decisions having been made before model-

ing. All variables with statistical significance in the uni-

variate analysis were considered in a multivariate Cox

proportional hazard model in order to identify the inde-

pendent factors. The DFS and CSS were calculated with

the Kaplan–Meier analysis, and the Log rank test was

selected to compare differences. The chi-square test was

used to compare differences in categorical variables

between groups.

For nomogram construction, the rms package and sur-

vival package in R software were used. We used the Cox

regression model for the multivariable survival analysis,

and Cox regression coefficients to generate nomograms.

Discrimination and calibration were evaluated by calibra-

tion curves and Harrell’s concordance index (C-index). In

the calibration curves, the nomogram-predicted probabil-

ities were compared with actual survival observed by

Kaplan–Meier analysis after grouping into quartiles,

using 1000 bootstrap re-samples to quantify any overfit-

ting. The C-index was calculated using the coxph function

in the survival package; the higher the C-index, the more

precise the prognosis prediction.

Ethical Standards
Procedures performed in this study have been reviewed

and approved by the Ethics Committee of Zhengzhou

University, which is guided by the international and

national ethical requirements for biomedical research.

The study is a retrospective analysis and includes patient

history. Therefore, the informed consent statements from

patients cannot be obtained. In accordance with the

Declaration of Helsinki, the patient data were anonymized

and stored with strict confidentiality.

Results
Clinicopathological Characteristics
The detailed clinicopathological characteristics of the 401

patients are shown in Table 1. According to the 8th edition

of the AJCC staging system, the majority of tumors were

classified as pT3–4 (n=281, 70.1%), lymph node invasion

was common (n=230, 57.4%), and most tumors were stage

III (n=199, 49.6%). At the time of surgery, the partial

gastrectomy and total gastrectomy rates were 51.8%

(n=267) and 48.2% (n=248), respectively. Moreover,

a subset of patients did not receive adjuvant chemotherapy

(n=103, 25.7%), while the majority of patients (n=298,

74.3%) underwent adjuvant chemotherapy following

resection. During the follow-up period, 149 (37.2%)

patients died, and 252 (62.8%) were alive at last follow-

up. The 1-, 2-, and 3-year CSS rates were 84.8% (n=340),

72.1% (n=289), and 66.1% (n=265), respectively. The

estimated 5-year CSS rate was 32.0% (n=70). The 1-, 2-,

and 3-year DFS rates were 78.8% (n=316), 68.1%

(n=273), and 61.6% (n=247), respectively. The estimated

5-year DFS rate was 27.5% (n=66).

Determination of Thresholds and

Independent Predictors
The ROC curves for 3-year CSS were used to determine

the optimal cut-off values of NLR, dNLR, PLR, LMR,

AFR, and examined lymph nodes, which were defined as

1.90, 2.10, 150.80, 2.69, 13.33, and 15.5, respectively. In

the univariate analysis, age, depth of invasion, lymph node

invasion, tumor location, tumor size, histologic classifica-

tion, adjuvant chemotherapy, NLR, dNLR, PLR, LMR,

AFR, Fib, CA19-9, CA72-4, CEA, and Alb were consid-

ered to be associated with DFS, whereas gender, diabetes,

hypertension, tobacco usage, alcohol consumption, and

examined lymph nodes were not (Table 2). Similar results
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were obtained for CSS, but examined lymph nodes were

considered relevant, tumor location was not (Table 3).

After excluding non-significant variables, the remain-

ing variables were used in the multivariate analysis. The

age, depth of invasion, lymph node invasion, histologic

classification, adjuvant chemotherapy, AFR, and CA19-9

were verified as independent predictors for DFS, of which

adjuvant chemotherapy was associated with increased

DFS. In contrast, age >60 years, pT3-4, pN1-3, poor

histologic classification, lower AFR, and higher CA19-9

were associated with poor DFS (Table 2). Moreover, pT3–

4, pN1–3, poor histologic classification and lower AFR

were associated with poor CSS, while adjuvant chemother-

apy indicated improve CSS (Table 3). The hazard ratios

(HRs) for the variables are shown in Tables 2 and 3.

Establishment of the Prognostic Score
Based on the results of the multivariate analysis above, we

used the significant inflammatory indicators and tumor mar-

kers (AFR andCA19-9) to establish a prognostic score which

we termed ‘CACPS’ (combined AFR and CA19-9 prognos-

tic score). Lower AFR (<13.33) and higher CA19-9 (>27 U/

mL)were allocated 1 point each in the CACPS (ranging from

0 to 2). In total, 172 (42.9%) patients had CACPS 0, 177

(44.1%) had CACPS 1, and 52 (13.0%) patients with CACPS

2. The 3-year DFS rates in patients with CACPS 0, 1, and 2

were 78.5% (n=135), 52.3% (n=92), and 35.3% (n=18),

respectively (P<0.001). The 3-year CSS rates in patients

with CACPS 0, 1, and 2 were 83.7% (n=144), 57.1%

(n=101), and 38.5% (n=20), respectively (P<0.001). The

estimated 5-year DFS were 48.1% (n=39), 18.1% (n=21),

and 9.8% (n=4) for CACPS 0, 1, and 2, respectively. In

addition, the estimated 5-year CSS were 56.2% (n=41),

Table 1 The Clinicopathological Characteristics for 401 Gastric

Cancer Patients

Variables Categories No. of

Patients

(%)

M (Q) for

Continuous

Variables

Gender Male 273 (68.1) –

Female 128 (31.9) –

Age (years) ≤60 206 (51.4) 60.0 (52.0, 66.5)

>60 195 (48.6) –

Diabetes No 368 (91.8) –

Yes 33 (8.2) –

Hypertension No 318 (79.3) –

Yes 83 (20.7) –

Tobacco usage No 297 (74.1) –

Yes 104 (25.9) –

Alcohol consumption No 341 (85.0) –

Yes 60 (15.0) –

Depth of invasion T1 59 (14.7) –

T2 61 (15.2) –

T3 29 (7.2) –

T4 252 (62.8) –

Lymph node invasion N0 171 (42.6) –

N1 83 (20.7) –

N2 52 (13.0) –

N3 95 (23.7) –

TNM stage I 96 (23.9) –

II 106 (26.4) –

III 199 (49.6) –

Examined lymph

nodes

≤15 131 (32.7) 19.0 (14.0, 28.0)

>15 270 (67.3) –

Tumor location Upper 1/3 173 (43.1) –

Middle 1/3 72 (18.0) –

Lower 1/3 156 (38.9) –

Tumor size (cm) ≤3 103 (25.7) 4.0 (3.0, 5.5)

>3 298 (74.3) –

Histologic

classification

Poor 278 (69.3) –

High 123 (30.7) –

Adjuvant

chemotherapy

No 103 (25.7) –

Yes 298 (74.3) –

NLR – 2.00 (1.45, 2.71)

dNLR – 1.42 (1.10, 1.86)

PLR – 125.16 (97.60,

170.36)

LMR – 3.83 (2.95, 4.89)

AFR – 13.95 (11.55, 16.56)

(Continued)

Table 1 (Continued).

Variables Categories No. of

Patients

(%)

M (Q) for

Continuous

Variables

Fib (mg/dL) – 2.87 (2.45, 3.36)

CA19-9 (U/mL) – 10.37 (5.77, 31.57)

CA72-4 (U/mL) – 2.62 (1.22, 4.88)

CEA (ng/mL) – 2.15 (1.25, 4.69)

Alb (g/L) – 39.70 (37.10, 42.15)

Note: Histologic classification was based on WHO classification and was divided

into high and poor in order to facilitate clinical setting.

Abbreviations: M (Q), median (quartile); TNM, tumor–node–metastasis staging; NLR,

neutrophil lymphocyte ratio; dNLR, derived neutrophil lymphocyte ratio; PLR, platelet

lymphocyte ratio; LMR, lymphocyte monocyte ratio; AFR, albumin fibrinogen ratio; Fib,

fibrinogen; CA, carbohydrate antigen; CEA, carcinoembryonic antigen; Alb, albumin.
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23.4% (n=25), and 10.3% (n=4), respectively. A higher

CACPS score indicated significantly poorer survival in the

Kaplan–Meier curve (P<0.001) (Figure 1A and B). After

substituting CACPS for AFR and CA19-9 in the multivariate

analysis, the results indicated that the CACPSwas associated

with DFS (CACPS 1: HR=2.039, 95% CI: 1.357–3.065,

P=0.001; CACPS 2: HR=2.419, 95% CI: 1.397–4.186,

P=0.002), and CSS (CACPS 1: HR=2.035, 95% CI: 1.292–

3.205, P=0.002; CACPS 2: HR=2.255, 95% CI: 1.252–

4.059, P=0.007).

The relationship between the CACPS and clinicopatho-

logical characteristics is given in Table 4. There were sig-

nificant differences in age, depth of invasion, lymph node

invasion, TNM stage, tumor size, NLR, dNLR, PLR, LMR,

Fib, CA72-4, CEA, and Alb among the three groups. In

order to assess the ability of the CACPS to discriminate,

the area under the curve (AUC) was compared using ROC

curves. As expected, the AUC for the CACPS (0.693,

P<0.001) was higher than that for other inflammatory indi-

cators and tumor markers (NLR=0.532, dNLR=0.537,

PLR=0.548, LMR=0.546, AFR=0.622, Fib=0.529, CA19-

9=0.626, CA72-4=0.565, CEA=0.617, and Alb=0.541),

which indicated enhanced predictive efficacy.

Moreover, after being stratified by AJCC classification,

the predictive value of the CACPS remained significant, irre-

spective of whether it was for stage I–II (Figure 2A and C) or

stage III (Figure 2B and D) (both P<0.05). Because there were

fewer deaths of stage I patients, we combined stage I with

stage II when DFS and CSS rates were calculated.

Nomogram
In order to make individualized predictions, we tried to

generate a prognostic nomogram with the significant char-

acteristics used for the multivariate analysis involved with

the CACPS, which could predict DFS (Figure 3A) and CSS

(Figure 3B). The C-indices of our nomogram were 0.743

(95% CI: 0.698–0.788) and 0.766 (95% CI: 0.718–0.814)

for DFS and CSS, respectively, which were higher than

those for TNM staging (DFS: 0.692, 95% CI 0.650–0.734;

CSS: 0.720, 95% CI 0.675–0.764) or CACPS (DFS: 0.642,

95% CI 0.601–0.682; CSS: 0.658, 95% CI 0.615–0.702). To

further assess the prognostic accuracy of the nomogram, we

Table 2 Univariate and Multivariate Cox Analyses of Prognostic Factors for Disease-Free Survival

Variables Univariate Analyses Multivariate Analyses

HR (95% CI) P-value HR (95% CI) P-value

Gender (female) 0.998 (0.726–1.371) 0.988 – –

Age (>60 years) 1.947 (1.436–2.642) <0.001 1.514 (1.091–2.103) 0.013

Diabetes (yes) 1.124 (0.662–1.908) 0.667 – –

Hypertension (yes) 1.258 (0.889–1.781) 0.195 – –

Tobacco (yes) 0.910 (0.645–1.285) 0.594 – –

Alcohol (yes) 0.971 (0.636–1.484) 0.892 – –

Depth of invasion (T3-4) 3.334 (2.181–5.097) <0.001 1.908 (1.197–3.041) 0.007

Lymph node invasion (N1-3) 3.149 (2.223–4.462) <0.001 1.931 (1.306–2.855) 0.001

Examined lymph nodes (>15) 0.765 (0.553–1.059) 0.107 – –

Tumor location (lower third) 0.723 (0.528–0.989) 0.043 0.736 (0.529–1.025) 0.069

Tumor size (>3 cm) 2.416 (1.591–3.670) <0.001 1.315 (0.845–2.047) 0.225

Histologic classification (poor) 1.982 (1.382–2.842) <0.001 1.750 (1.191–2.571) 0.004

Adjuvant chemotherapy (yes) 0.628 (0.457–0.862) 0.004 0.426 (0.304–0.596) <0.001

NLR (>1.90) 1.371 (1.014–1.854) 0.041 0.808 (0.553–1.180) 0.270

dNLR (>2.10) 1.505 (1.050–2.157) 0.026 1.332 (0.859–2.065) 0.201

PLR (>150.80) 1.381 (1.015–1.878) 0.040 1.172 (0.809–1.696) 0.401

LMR (<2.69) 1.579 (1.105–2.256) 0.012 1.233 (0.796–1.911) 0.348

AFR (<13.33) 2.266 (1.674–3.066) <0.001 1.689 (1.180–2.418) 0.004

Fib (>400 mg/dL) 1.681 (1.032–2.739) 0.037 0.884 (0.517–1.512) 0.653

CA19-9 (>27 U/mL) 2.195 (1.616–2.981) <0.001 1.462 (1.025–2.087) 0.036

CA72-4 (>5 U/mL) 1.814 (1.246–2.642) 0.002 1.318 (0.882–1.970) 0.178

CEA (>5 ng/mL) 1.975 (1.440–2.709) <0.001 1.216 (0.842–1.756) 0.297

Alb (<35 g/L) 1.913 (1.319–2.773) <0.001 0.954 (0.623–1.459) 0.827

Abbreviations: HR, hazard ratio; CI, confidence interval; NLR, neutrophil lymphocyte ratio; dNLR, derived neutrophil lymphocyte ratio; PLR, platelet lymphocyte ratio;

LMR, lymphocyte monocyte ratio; AFR, albumin fibrinogen ratio; Fib, fibrinogen; CA, carbohydrate antigen; CEA, carcinoembryonic antigen; Alb, albumin.
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also plotted calibration curves (Figure 4A–D), in which the

drawn line is close to the diagonal, suggesting that the

nomogram was accurate in its prediction.

Discussion
The survival rates for GC remain poor, even under the

surgical center multidisciplinary team approach. GC is

considered to be a complex disease due to the interaction

of environmental and genetic factors.23,24 It is well known

that inflammation is an important environmental factor in

the development of GC, and related studies are gaining

increasing attention.9–12 Cross-talk between GC cells and

inflammation response forms a cancer microenvironment

that promotes tumor progression,9,13,14 while, a reduced

GC risk is observed in people who receive continuous

low-dose anti-inflammatory drugs such as aspirin.25

Table 3 Univariate and Multivariate Cox Analyses of Prognostic Factors for Cancer-Specific Survival

Variables Univariate Analyses Multivariate Analyses

HR (95% CI) P-value HR (95% CI) P-value

Gender (female) 1.012 (0.718–1.428) 0.944 – –

Age (>60 years) 1.924 (1.384–2.675) <0.001 1.359 (0.943–1.959) 0.100

Diabetes (yes) 1.161 (0.657–2.051) 0.608 – –

Hypertension (yes) 1.270 (0.873–1.849) 0.211 – –

Tobacco (yes) 0.934 (0.644–1.354) 0.718 – –

Alcohol (yes) 0.995 (0.632–1.564) 0.981 – –

Depth of invasion (T3-4) 6.786 (3.670–12.548) <0.001 3.839 (2.012–7.325) <0.001

Lymph node invasion (N1-3) 4.784 (3.110–7.359) <0.001 2.562 (1.606–4.086) <0.001

Examined lymph nodes (>15) 0.639 (0.444–0.922) 0.017 0.692 (0.470–1.018) 0.061

Tumor location (lower third) 0.713 (0.507–1.004) 0.052 – –

Tumor size (>3 cm) 2.680 (1.672–4.296) <0.001 1.303 (0.796–2.133) 0.292

Histologic classification (poor) 2.310 (1.530–3.487) <0.001 1.751 (1.126–2.722) 0.013

Adjuvant chemotherapy (yes) 0.644 (0.455–0.909) 0.012 0.382 (0.265–0.551) <0.001

NLR (>1.90) 1.397 (1.007–1.939) 0.045 0.794 (0.527–1.197) 0.270

dNLR (>2.10) 1.577 (1.076–2.314) 0.020 1.337 (0.833–2.144) 0.229

PLR (>150.80) 1.425 (1.024–1.983) 0.036 1.249 (0.839–1.858) 0.273

LMR (<2.69) 1.533 (1.045–2.248) 0.029 1.065 (0.661–1.715) 0.795

AFR (<13.33) 2.280 (1.644–3.163) <0.001 1.491 (1.009–2.203) 0.045

Fib (>400 mg/dL) 1.730 (1.030–2.907) 0.038 0.910 (0.513–1.615) 0.748

CA19-9 (>27 U/mL) 2.552 (1.843–3.533) <0.001 1.503 (1.029–2.195) 0.035

CA72-4 (>5 U/mL) 1.921 (1.298–2.843) 0.001 1.197 (0.782–1.833) 0.407

CEA (>5 ng/mL) 2.295 (1.644–3.204) <0.001 1.361 (0.922–2.010) 0.121

Alb (<35 g/L) 2.030 (1.372–3.002) <0.001 1.115 (0.713–1.742) 0.633

Abbreviations: HR, hazard ratio; CI, confidence interval; NLR, neutrophil lymphocyte ratio; dNLR, derived neutrophil lymphocyte ratio; PLR, platelet lymphocyte ratio;

LMR, lymphocyte monocyte ratio; AFR, albumin fibrinogen ratio; Fib, fibrinogen; CA, carbohydrate antigen; CEA, carcinoembryonic antigen; Alb, albumin.

Figure 1 Kaplan–Meier survival curves for (A) disease-free survival and (B) cancer-specific survival according to CACPS.

Abbreviation: CACPS, combined AFR and CA19-9 prognostic score.
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Therefore, circulating inflammatory cells and proteins that

indicate systemic inflammation are candidate biomarkers

for predicting prognosis and survival in GC.

In this study, we evaluated the prognostic role of per-

ipheral blood biomarkers, including inflammatory indica-

tors, in GC patients who underwent R0 resection.

Although previous studies have shown that indicators

such as NLR, dNLR, PLR, LMR, and AFR are associated

with inflammation, their ability to predict survival remains

controversial.10,15–17 Most published studies assessed very

few, or even just one, of the indicators. In this study, all the

above indicators were included in a multivariate Cox

model, and the results showed that only AFR indepen-

dently predicted DFS (P=0.004) and CSS (P=0.045),

while other indicators (NLR, dNLR, PLR, LMR) did not

(P=0.270, 0.201, 0.401, 0.348 for DFS; P=0.270, 0.229,

0.273, 0.795 for CSS). This shows that AFR is more

predictive than the other indicators assessed in this study.

Based on these results, we established a prognostic score,

which we called CACPS. The Kaplan–Meier analysis con-

firmed significant differences in DFS and CSS among

patients grouped according to the CACPS. The group

with a CACPS of 2 had the worst survival, with

a median DFS of 18 months and a median CSS of 23

months (less than 2 years). The CACPS, as a combined

indicator, allowed greatest discrimination in prognosis

Table 4 The Relationship Between CACPS and

Clinicopathological Characteristics in 401 Gastric Cancer

Patients

Variables Categories CACPS

0

CACPS

1

CACPS

2

P-value

(n=172) (n=177) (n=52)

Gender Male 110 124 39 0.095

Female 62 53 13

Age (years) ≤60 106 81 19 <0.001

>60 66 96 33

Diabetes No 159 162 47 0.619

Yes 13 15 5

Hypertension No 142 140 36 0.051

Yes 30 37 16

Tobacco usage No 126 133 38 0.884

Yes 46 44 14

Alcohol

consumption

No 146 152 43 0.845

Yes 26 25 9

Depth of

invasion

T1 38 19 2 <0.001

T2 41 16 4

T3 10 16 3

T4 83 126 43

Lymph node

invasion

N0 101 60 10 <0.001

N1 28 43 12

N2 16 27 9

N3 27 47 21

TNM stage I 66 27 3 <0.001

II 56 42 8

III 50 108 41

Examined

lymph nodes

≤15 53 65 13 0.225

>15 119 112 39

Tumor location Upper 1/3 70 82 21 0.682

Middle 1/3 32 30 10

Lower 1/3 70 65 21

Tumor size

(cm)

≤3 65 31 7 <0.001

>3 107 146 45

Histologic

classification

Poor 119 124 35 0.898

High 53 53 17

NLR ≤1.90 107 64 17 <0.001

>1.90 65 113 35

dNLR ≤2.10 157 134 38 <0.001

>2.10 15 43 14

PLR ≤150.80 133 112 25 <0.001

(Continued)

Table 4 (Continued).

Variables Categories CACPS

0

CACPS

1

CACPS

2

P-value

(n=172) (n=177) (n=52)

>150.80 39 65 27

LMR ≥2.69 150 147 34 0.001

<2.69 22 30 18

Fib (mg/dL) ≤400 171 162 39 <0.001

>400 1 15 13

CA72-4 (U/mL) ≤5 160 144 40 <0.001

>5 12 33 12

CEA (ng/mL) ≤5 153 127 24 <0.001

>5 19 50 28

Alb (g/L) ≥35 168 144 31 <0.001

<35 4 33 21

Abbreviations: CACPS, combined AFR and CA19-9 prognostic score; TNM,

tumor–node–metastasis staging; NLR, neutrophil lymphocyte ratio; dNLR, derived

neutrophil lymphocyte ratio; PLR, platelet lymphocyte ratio; LMR, lymphocyte

monocyte ratio; Fib, fibrinogen; CA, carbohydrate antigen; CEA, carcinoembryonic

antigen; Alb, albumin.
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because of its higher AUC compared with individual indi-

cators such as AFR, CA19-9, Alb, and Fib. Furthermore,

the CACPS covers more high-risk populations, and expe-

diently refines the hazard classification. In addition,

CACPS was significantly related to some characteristics

of poor prognosis, such as advanced age, higher TNM

stage, and larger tumor size. Clearly, an increase in

CACPS is related to more aggressive tumor features. As

a high CACPS indicates poor survival, clinicians should

try to assess these patients carefully, especially CACPS 2

patients, and encourage routine or more frequent post-

operative examination.

Our current findings are consistent with previous reports.

A meta-analysis of 38 studies suggested that elevated CA19-9

indicates a poor prognosis in GC.26 Yamamoto et al and

Suzuki et al found that preoperative hyperfibrinogenemia

predicted early recurrence and poor survival in GC.27,28

Furthermore, accumulating studies have confirmed the rela-

tionship between hypoalbuminemia, systemic inflammation,

and poor outcome among several malignancies, including

GC.29–31 Due to the influence of systemic inflammation, the

circulating levels of vascular endothelial growth factor

(VEGF) and fibroblast growth factor-2 (FGF-2) are increased

in tumor patients, promoting the synthesis of fibrinogen.9,32

Fibrinogen facilitates the adhesion of tumor cells after intra-

vasation, and forms large aggregates around cancer cells to

protect them from elimination by natural killer cells, thus

avoiding immunological surveillance and leading to meta-

static potential.33,34 Moreover, tumor necrosis factor α
(TNF-α) and IL-6 are increased in GC patients. These two

inflammatory cytokines are adverse markers for GC

and can inhibit the synthesis of albumin, resulting in

hypoalbuminemia.35 These may be the possible reasons why

Alb, Fib, and their ratio of AFR reflect prognosis in GC. In

theory, direct determination of serum VEGF, FGF-2, TNF-α,
and IL-6 is the best method to evaluate tumor-related inflam-

mation. However, due to the high cost and technical require-

ments, it has not been routinely applied to clinical practice.

Figure 2 Disease-free survival based on CACPS with (A) stage I–II and (B) stage III GC; cancer-specific survival based on CACPS with (C) stage I–II and (D) stage III GC.

Abbreviation: CACPS, combined AFR and CA19-9 prognostic score.
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We describe a nomogram by incorporating the CACPS

into clinicopathologic characteristics. The nomogram is nota-

ble for having used a contemporary, relatively recent (2007–

2016) cohort of patients. A prognostic nomogram is useful

for clinical application because it quantifies individual risk

and allows clinicians to communicate prognosis with patients

or family members. Our nomogram demonstrates better dis-

crimination, with a C-index of 0.743 for DFS and 0.766 for

CSS, compared with TNM staging alone (DFS and CSS

C-index of 0.692 and 0.720, respectively). More importantly,

adjuvant chemotherapy has been included in our nomogram,

making it more practical in clinical practice. Although it is

recommended that fluoropyrimidine-based adjuvant che-

motherapy should be routinely performed after R0 resection

for GC (especially for pN+ or pT2–4 patients),7,36 in reality,

many patients refuse postoperative periodic treatment for

Figure 3 (A) Nomogram predicting 3-year and 5-year disease-free survival of gastric cancer patients who underwent gastrectomy; (B) Nomogram predicting 3-year and

5-year cancer-specific survival of gastric cancer patients who underwent gastrectomy.

Note: The points for each factor were listed in the nomogram, and the total points for each patient indicated a specific probability of 3-year and 5-year DFS or CSS.

Abbreviation: CACPS, combined AFR and CA19-9 prognostic score.
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various reasons. Previous research has typically selected

patients receiving standard adjuvant chemotherapy, which

may not be applicable to patients who did not receive adju-

vant chemotherapy.

There are some limitations in the current study. First, it

was a retrospective analysis, and all data originated from

a single center. However, the current retrospective analysis

has provided useful preliminary results, which may be built on

in subsequent prospective clinical trials. Second, some pre-

dictors that were recognized as potentially significant were not

included in this study, such as extranodal extension, perineural

invasion and Helicobacter pylori infection, because they were

not routine examination items at this center. These factors

remain to be verified, and this task is one of the goals of our

next study.

Conclusions
The CACPS is a highly accurate independent prognostic

factor for GC after R0 resection. The nomogram based on

the CACPS and clinicopathological characteristics can be

used to predict DFS and CSS in an economic and con-

venient way.
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