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Abstract
Background

The prognostic value of neutrophil-lymphocyte ratio (NLR) and Glasgow Prognostic Score
(GPS) has been extensively validated in various cancers. We aimed to examine the useful-
ness of a combination of NLR and GPS (named CNG) for predicting survival outcomes in
patients after curative resection for gastric cancer (GC).

Methods

We retrospectively analyzed the records of 1056 patients who underwent curative resection
as initial treatment for GC from October 2000 to September 2012. The preoperative CNG
was calculated as follows: patients with hypoalbuminemia (< 35 g/L), elevated C-reactive
protein (> 10 mg/L), and elevated NLR (> 2) were allocated a score of 3; patients with two,
one, or no abnormal values were allocated a score of 2, 1, or 0, respectively.

Results

The NLR and GPS were the only inflammatory variables independently associated with
overall survival (OS) in multivariate analysis. When they were replaced by CNG in multivari-
ate analysis, CNG was independently associated with OS (hazard ratio [HR] for CNG 1
[1.367,95% CI: 1.065-1.755; P=0.014], CNG 2[1.887, 95% CI: 1.182-3.011; P=0.008],
and CNG 3[2.224, 95% CI: 1.238-3.997; P=0.008]; P=0.020). In stage-matched analysis,
the prognostic significance was still maintained in stage I-Ill (P=0.002, P=0.042, and P<
0.001, respectively). In addition, 5-year survival rates ranged from 92% (stage I) to 35%
(stage Ill) and from 65%(CNG 0) to 18%(CNG 3) with tumor-nodes-metastasis (TNM) stage
or CNG alone. However, the combination of TNM and CNG stratified 5-year survival rates
from 98% (TNM I, CNG 0) to 12% (TNM Il CNG 3).

Conclusion

The preoperative CNG is a novel predictor of postoperative survival, and the combination of
CNG and TNM effectively stratifies outcomes in patients after curative resection for GC.
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Introduction

Gastric cancer (GC) is the second most frequent cause of cancer-related death worldwide and
affects approximately one million people annually[1-3]. Despite great improvements in diag-
nosis and treatment, the long-term survival of GC patients remains unsatisfactory and may be
related to the relatively late stage of diagnosis [4-6]. Therefore, it is important to determine
prognostic factors that can distinguish high-risk patients that require tailored treatment. Up to
now, the widely accepted tumor-nodes-metastasis (TNM) system depends on a postoperative
histological specimen. Hence, there have been continuing efforts to explore preoperative prog-
nostic factors that will permit more accurate patient stratification and improve clinical deci-
sion-making.

It is increasingly recognized that the systemic inflammatory response plays an important
role in the development and progression of cancer [7, 8]. It is also of interest that several
inflammation-based prognostic scores, such as the Glasgow Prognostic Score (GPS), neutro-
phil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), combination of platelet count
and neutrophil-lymphocyte ratio (COP-NLR), and Prognostic Index (PI), have prognostic
value for many types of cancer including GC[9-13]. Of these, the GPS, an inflammation-based
prognostic score based on serum C-reactive protein and albumin levels, has been repeatedly
reported to have prognostic value in GC [14, 15]. In addition, the NLR, a combination of cir-
culating neutrophil and lymphocyte counts, has also been demonstrated as a promising inde-
pendent prognostic factor in GC [16]. Furthermore, we hypothesized that an integrated
indicator, named the CNG (combination of NLR and GPS), might comprehensively reflect the
balance of host inflammatory status.

The aims of this retrospective study were to investigate the prognostic value of several
inflammation-based prognostic scores, especially the CNG, and to validate whether the combi-
nation of CNG and TNM effectively stratifies outcomes for patients after curative resection for
GC.

Materials and methods

Study population

A total of 1056 patients with GC who underwent D2 gastrectomy with RO resection at the Can-
cer Center of Sun Yat-sen University between October 2000 and September 2012 were
enrolled. The study was approved by the Research Ethics Committee at the Cancer Center of
Sun Yat-sen University, and written informed consent was obtained.

All patients had histologically confirmed stage I-III gastric adenocarcinoma depending on
postoperative histological specimen. Tumors were staged using the seventh edition of the
American Joint Committee on Cancer (AJCC) TNM staging system[17]. After surgery, pa-
tients with stage II or III GC and no significant comorbidities precluding chemotherapy use
received primarily 5-fluorouracil-based adjuvant chemotherapy by discussion at a multidisci-
plinary meeting. Patients that met all the following eligibility criteria were included in the anal-
ysis: (1) no neoadjuvant chemotherapy or radiotherapy, (2) entire set of clinicopathological
and follow-up data regarding potential prognostic factors, (3) no recurrent gastric cancer, rem-
nant gastric cancer, or other synchronous malignancy, (4) no acute infections or other inflam-
matory conditions in the two weeks prior to surgery.

The following data were evaluated: age, sex, preoperative routine laboratory measurements,
postoperative tumor characteristics, and survival times. The preoperative blood sample
was collected in the week before surgery. Papillary and moderately differentiated types of
GC were categorized as the well-differentiated group, and signet ring cell, mucinous, and

PLOS ONE | https://doi.org/10.1371/journal.pone.0174085 March 30, 2017 2/13


https://doi.org/10.1371/journal.pone.0174085

@° PLOS | ONE

Systemic inflammation and gastric cancer

undifferentiated types were categorized as the poorly-differentiated group[18]. Complete
blood counts, physical examinations, serum tumor marker measurements, dynamic CT exam-
inations, and gastroscopy were performed every 3 months during the first 2 years after surgery
and every 6 months thereafter. The end of follow-up was the date of last follow-up (June 2015)
or death from all causes. Overall survival (OS) was defined as the interval between the date of
surgery and the date of death from all causes or last follow-up.

Calculation of biomarkers

The GPS was calculated as previously described. Patients with both an C-reactive protein level
>10 mg/L and an albumin level <35 g/L were assigned a score of 2. Patients with only one or
neither of these abnormalities were assigned a score of 1 or 0, respectively[19]. The NLR and
PLR were defined as the absolute neutrophil count and platelet count divided by the absolute
lymphocyte count, respectively[20]. Based on previous studies, the COP-NLR was calculated
as follows: patients with an elevated platelet count (>300 x 10°/L) and an elevated neutrophil-
lymphocyte ratio (>3) were assigned a score of 2. Patients with one or no abnormal value were
assigned a score of 1 or 0, respectively[21]. The PI was calculated as follows: patients who had
both a C-reactive protein level >10 mg/L and a white blood cell count >11x 10°/L were
assigned a score of 2. Patients with only one or neither of these abnormalities were assigned a
score of 1 or 0, respectively[22]. The CNG was defined as follows: patients with hypoalbumine-
mia (< 35 g/L), elevated C-reactive protein (> 10 mg/L) and NLR (> 2) were assigned a score
of 3, and patients with two, one, or no abnormal value were assigned a score of 2, 1, or 0,
respectively.

Statistical analysis

As reported by other authors, the inflammation-based prognostic scores GPS, COP-NLR, and
PI were defined using widely accepted thresholds[19, 21, 22]. For NLR, PLR, and other continu-
ous variables, the optimal cutoff values were calculated using the Youden index (sensitivity + spec-
ificity-1) by receiver operating characteristic (ROC) curve analysis. The Pearson Chi-squared test
was used to determine the significance of differences. Survival analysis was performed using the
Kaplan-Meier method and compared by the log-rank test. Variables that proved to be significant
(P <0.05) in the univariate analysis were tested subsequently with a multivariate Cox propor-
tional hazard model with the enter method. To evaluate the discriminatory ability of prognostic
scores, the ROC curves were constructed to compare the areas under the curve (AUC) values.
Two-sided P <0.05 was considered to be statistically significant. All the statistical analyses were
performed using SPSS 19.0 software (IBM Corporation, Armonk, NY, USA).

Results

A total of 1056 patients were included in the study (714 men and 342 women). The mean age
of the patients was 58 years (range 19-89 years). Overall, there were 194 (18.4%) patients with
stage I, 266 (25.2%) patients with stage II, and 596 (56.4%) patients with stage III GC. The
median follow-up period was 33 months (range 1-97 months).

There was a positive correlation between NLR and GPS (r = 0.221, P <0.001). Overall, 453
(42.9%) patients were classified as CNG 0, whereas 443 (42.0%), 118 (11.2%), and 42 (4.0%)
patients were classified as CNG 1, CNG 2, and CNG 3, respectively. Patients classified as CNG
0 had a significantly longer mean survival (70.6 months) when compared with CNG 1 (59.7
months), CNG 2 (44.4 months) or CNG 3 (32.9 months) (P <0.001) patients. The OS rates of
CNG 0, CNG 1, CNG 2 and CNG 3 patients were 63.2%, 46.3%, 29.5% and 17.6%, respectively
(P <0.001; Fig 1). Therefore, CNG effectively classified patients into four independent groups.
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Fig 1. Kaplan—Meier survival curves stratified by the preoperative CNG (p <0.001). CNG = combination
of neutrophil-lymphocyte ratio and Glasgow Prognostic Score.

https://doi.org/10.1371/journal.pone.0174085.9001

Table 1 shows the results of the univariate and multivariate analysis. Multivariate analysis
showed that age (P <0.001), histological grade (P = 0.006), tumor location (P = 0.001), TNM
stage (P <0.001), NLR (P = 0.031), and GPS (P = 0.058) were independently associated with
reduced OS, though GPS had a moderate prognostic significance. However, several other sys-
temic inflammation-based prognostic scores, including PLR, PI, and COP-NLR, were not
associated with survival. When NLR and GPS were replaced by CNG, multivariate analysis
showed that CNG (hazard ratio [HR] for CNG 1 [1.367, 95% CI: 1.065-1.755; P = 0.014], CNG
2[1.887,95% CI: 1.182-3.011; P = 0.008], and CNG 3 [2.224, 95% CI: 1.238-3.997; P = 0.008];
P =0.020; S1 Table) was an independent prognostic factor for OS along with age (P <0.001),
histological grade (P = 0.006), tumor location (P = 0.001), TNM stage (P <0.001).

In stage-matched analysis, the prognostic significance of CNG was maintained in stage I-III
(P=10.002, P=0.042 and P <0.001, respectively; S1 Fig). However, the prognostic significance
of NLR was only maintained in stage I (P = 0.002) and stage III (P = 0.010), but not in stage II
(P =0.233). The prognostic significance of GPS was only maintained in stage II (P = 0.039)
and stage III (P <0.001), but not in stage I (P = 0.166).

To further evaluate the prognostic value of several systemic inflammation-based prognostic
scores, ROC curves were performed to compare the AUC values. The CNG had a higher AUC
value (0.60; P <0.001) than other scores, including the NLR, PLR, COP-NLR, PI, and GPS
(0.56; 0.54; 0.56; 0.57; 0.57; S2 Fig).
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Table 1. Univariate and multivariate analyses in relation to overall survival.

Univariate analysis Multivariate analysis
HR (95% CI) P-value HR (95% ClI) P-value
Sex 0.669
Female 1
Male 0.955 (0.776, 1.177)
Age (years) <0.001 <0.001
<60 1 1
> 60 1.458 (1.197, 1.775) 1.506 (1.227, 1.848)
Histological grade 0.007 0.006
Well differentiated 1 1
Poorly differentiated 1.454 (1.107, 1.910) 1.490 (1.123, 1.978)
Tumor size (cm) <0.001 0.717
<5 1 1
>5 1.893 (1.555, 2.305) 0.961 (0.773, 1.194)
Tumor location <0.001 0.001
Upper third 1 1
Middle third 0.597 (0.456, 0.781) <0.001 0.786 (0.594, 1.039) 0.091
Lower third 0.453 (0.362, 0.569) <0.001 0.638 (0.502, 0.812) <0.001
TNM stage <0.001 <0.001
| 1 1
Il 2.634 (1.500, 4.626) 0.001 2.270 (1.285, 4.009) 0.005
I 10.588 (6.406, 17.501) <0.001 8.810(5.251, 14.781) <0.001
PLR 0.008 0.241
<130 1 1
> 130 1.309 (1.074, 1.595) 0.866 (0.681, 1.101)
Pl <0.001 0.381
0 1 1
1 2.140 (1.074, 1.595) <0.001 1.006 (0.669, 1.513) 0.977
2 2.464 (1.074, 1.595) 0.001 1.510(0.770, 2.958) 0.230
COP-NLR <0.001 0.523
0 1 1
1 1.496 (1.215, 1.842) <0.001 1.148 (0.890, 1.481) 0.287
2 1.614 (1.108, 2.353) 0.013 1.024 (0.654, 1.604) 0.916
NLR <0.001 0.031
<2 1 1
>2 1.544 (1.264, 1.886) 1.295 (1.024, 1.658)
GPS <0.001 0.058
0 1 1
1 1.875 (1.463, 2.403) <0.001 1.433(0.976, 2.104) 0.067
2 2.940 (2.049, 4.218) <0.001 1.889 (1.107, 3.224) 0.020

Abbreviations: HR = hazard ratio; Cl = confidence interval; TNM = tumor-node-metastasis staging; PLR = platelet-lymphocyte ratio; Pl = Prognostic Index;
COP-NLR = combination of platelet count and neutrophil to lymphocyte ratio; NLR = neutrophil-lymphocyte ratio; GPS = Glasgow Prognostic Score.

https://doi.org/10.1371/journal.pone.0174085.t001

The relationship between the CNG and clinicopathologic characteristics is shown in Table 2.
An elevated CNG was associated with male patients (P = 0.032), larger tumor size (P <0.001),
tumor location (upper third) (P <0.001), higher TNM stage (P <0.001), elevated PLR (P <
0.001), elevated PI (P <0.001), and elevated COP-NLR (P <0.001).
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Table 2. Relationship between the CNG and clinicopathologic characteristics.

CNG O CNG 1 CNG 2 CNG 3 P value
(n=453) (n=443) (n=118) (n=42)
Sex 0.032
Male 285 311 88 30
Female 168 132 30 12
Age (years) 0.052
<60 258 225 53 19
> 60 195 218 65 23
Histological grade 0.472
Well differentiated 77 90 26 9
Poorly differentiated 376 353 92 33
Tumor size (cm) <0.001
<5 324 249 32 13
>5 129 194 86 29
Tumor location <0.001
Upper third 156 182 69 20
Middle third 99 84 19 9
Lower third 198 177 30 13
TNM stage <0.001
| 106 76 10
Il 118 112 29 7
1} 229 255 79 33
PLR <0.001
<130 319 158 23 12
>130 134 285 95 30
PI <0.001
0 449 398 25 0
1 4 43 81 35
2 0 2 12 7
COP-NLR <0.001
0 385 235 27 9
1 68 180 60 23
2 0 28 31 10

Abbreviations: CNG = combination of neutrophil-lymphocyte ratio and Glasgow Prognostic Score; TNM = tumor-node-metastasis staging; PLR = platelet-
lymphocyte ratio; Pl = Prognostic Index; COP-NLR = combination of platelet count and neutrophil-to-lymphocyte ratio.

https://doi.org/10.1371/journal.pone.0174085.1002

Because CNG was significantly associated with several prognostic factors (tumor size,
tumor location, and TNM stage), subgroup analyses were performed to more comprehensively
examine the prognostic significance of CNG. It should be noted that, the prognostic signifi-
cance was still maintained when stratified by tumor size (<5 cm: P <0.001; >5 cm: P = 0.001),
tumor location (upper third: P >0.001; lower third: P <0.001), and TNM stage (I: P = 0.002; II:
P =0.042; IIT: P <0.001), though association with CNG was not significant in patients with
middle third tumor location (P = 0.068).

Table 3 shows the relationship between preoperative inflammation-based prognostic
scores, TNM stage, and 5-year OS. Overall survival at 5 years ranged from 92% (stage I) to
35% (stage III), while 5-year survival rate varied from 62% (NLR < 2) to 47% (NLR >2), from
60% (GPS 0) to 24% (GPS 2) and from 65% (CNG 0) to 18% (CNG 3) with NLR, GPS, or CNG
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Table 3. Relationships between NLR, GPS, CNG, and 5-year OS.

Stage | Stagel ll Stage Il Stage I-llI

n 5-year OS n 5-year OS n 5-year OS n 5-year OS
NLR 194 92 (3) 266 74 (4) 596 35 (2) 1056 55 (2)
<2 109 98 (1) 132 77 (5) 264 41 (3) 505 62 (3)
>2 85 83 (6) 134 70 (6) 332 29 (3) 551 47 (3)
GPS 194 92 (3) 266 74 (4) 596 35 (2) 1056 55 (2)
0 180 93 (3) 218 76 (4) 454 40 (3) 852 60 (2)
11 90 (10) 39 72 (10) 104 18 (5) 154 36 (5)
2 3 — 9 — 38 19 (7) 50 24(7)
CNG 194 92 (3) 266 74 (4) 596 35 (2) 1056 55 (2)
0 106 98 (1) 118 78 (5) 229 44 (4) 453 65 (3)
1 76 83 (6) 112 75 (5) 255 35 (4) 443 53 (3)
2 10 — 29 63 (12) 79 15 (6) 118 34 (6)
3 3 — 7 — 33 12(7) 42 18(8)

The values are expressed as % (standard error); Survival is not calculated if n < 10
Abbreviations: NLR = neutrophil-lymphocyte ratio; GPS = Glasgow Prognostic Score; CNG = combination of neutrophil-lymphocyte ratio and Glasgow
Prognostic Score; OS = overall survival.

https://doi.org/10.1371/journal.pone.0174085.t003

alone. When combined, 5-year survival rate varied from 98% (stage I, NLR < 2) to 29% (stage
III, NLR > 2) and from 93% (stage I, GPS 0) to 18% (stage III, GPS 1) (Fig 2). However, the
combination of TNM stage and CNG stratified 5-year survival rate from 98% (stage I, CNG 0)
to 12% (stage ITI, CNG 3) (P <0.001). As shown in Fig 3, the increased value of the combina-
tion of TNM stage and CNG on OS was evident for TNM stage III.

Discussion

Although determinants of cancer progression and survival are multifactorial, the systemic
inflammatory response is increasingly recognized as having a key role in carcinogenesis and
disease progression[23]. Additionally, the mechanisms underlying cancer progression have
remained a source of intense interest in recent years. In particular, the tumor microenviron-
ment, orchestrated by inflammatory cells, has powerful effects on the carcinogenesis, prolifera-
tion, and migration[24]. In addition, by releasing proinflammatory cytokines, such as tumor
necrosis factor-alpha (TNF-o), interleukin (IL)-6, and vascular endothelial growth factor
(VEGF), tumor cells and tumor-associated leukocytes play a direct role in promoting prolifera-
tion and metastasis[25].

Over the past several decades, research has shown that some systemic inflammation-based
scores represent an upregulation of the systemic inflammatory response[26-28]. Most notably,
GPS has been regarded as a prognostic milestone in multiple cancer types, including GC[15].
Moreover, NLR has also been repeatedly reported to have prognostic value in various types of
cancer[20]. A recent meta-analysis including 10 studies with a total of 2952 cases indicated
that elevated NLR was a poor predictor for survival in GC[29].

In this study, we investigated the prognostic significance of several inflammation-based
prognostic scores in a large cohort of patients undergoing curative resection of GC. Of these,
only NLR and GPS were significantly associated with OS independent of TNM stage. To fur-
ther refine prognostication and reflect the balance of host inflammatory status comprehen-
sively, NLR and GPS were combined to generate a new inflammation-based prognostic score,
named the CNG. In fact, A. Kinoshita et al suggested that the utility of the combination of a C-
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https://doi.org/10.1371/journal.pone.0174085.9002

reactive protein-based prognostic score and white cell-based prognostic score for predicting
survival of cancer patients should be validated in future trials[30].

A large incidental cohort analysis from Proctor M] et al indicated that an inflammation-
based prognostic score, combining high sensitivity C-reactive protein, albumin, and neutro-
phil count, had novel prognostic utility in cancer[31]. Similarly, we found that increased CNG
was associated with larger tumor size and higher TNM stage. Therefore, it was parallel to
tumor progression. Furthermore, an increased CNG was associated with male patients and
upper third tumor, which may potentially reflect sex-specific and site-specific tumor heteroge-
neity. This should be validated in future multicenter randomized controlled studies. Of note,
CNG had more potent prognostic value than other established prognostic scores in multivari-
ate analyses, including PLR, PI, and COP-NLR. More importantly, we found its prognostic sig-
nificance was maintained in stage I-III GC patients.

To further evaluate the prognostic ability, ROC curves were performed to compare the
AUC values. It should be noted that the CNG had a higher AUC value than the NLR and GPS.
In addition, we found that the combination of CNG and TNM stage increased the survival
range compared to TNM or CNG alone. The combination of CNG and TNM stage also had a
wider survival range than either NLR and TNM stage or GPS and TNM stage. Undoubtedly,
CNG could identify more patients undergoing curative resection at higher risk of recurrence
or metastasis than that afforded by TNM stage alone. Taken together, the data suggests that
the CNG provides more potent prognostic value than the NLR and GPS. In line with our
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findings, a study of 12,119 cases from Proctor M] et al confirmed that the addition of the neu-
trophil and platelet counts enhanced the prognostic value of the mGPS in cancer patients[32].
In clinical practice, preoperative CNG could help clinicians accurately identify patients
with a high risk of tumor recurrence. Indeed, predicting which patients will have tumor recur-
rence after curative resection is difficult, especially patients with early-stage GC. Furthermore,
patients with stage IIT GC usually develop early recurrence and metastasis. However, there has
been no ideal prognostic indicator to provide information for further clinical treatment plan-
ning. It is of interest that CN'G might serve as a powerful predictor of outcomes in stage I-III
patients. Patients with an elevated CNG could benefit from closer monitoring and more
aggressive surgical treatment (such as extended lymphadenectomy) and adjuvant chemother-
apy, even in early-stage GC. The low cost, clinical availability, and reproducibility of a full
blood count could make the CNG a valuable tool in the early decision-making process for
patients with GC. Finally, it is increasingly appreciated that patients with an elevated systemic
inflammatory response may benefit from targeted anti-inflammatory therapy and immuno-
therapy [33, 34]. Clinical research into the effects of nonsteroidal anti-inflammatory drugs for
the prevention of various tumors is ongoing. Whether CNG can aid in selecting appropriate
patients that may benefit from these therapies will be of considerable interest. Additional stud-
ies, especially prospective, multicenter, randomized controlled trials, are needed for validation.
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The potential limitations of the present study are its confinement to a single center and its
retrospective design. However, the surgical procedures (RO resection plus D2 lymphadenect-
omy), laboratory tests, and follow-up were uniform during the entire study period. Although
this study lacked disease-free survival and cancer-specific survival data, OS is the gold standard
primary end point for evaluating cancer outcomes. Finally, different postoperative therapies
may have had a confounding effect on our analysis of prognosis.

Conclusion

The preoperative CNG, a novel inflammation-based prognostic score, is an independent
prognostic factor of GC outcomes. Importantly, the combination of CNG and TNM effectively
stratifies outcomes in patients after curative resection for GC. Measuring CNG and TNM

in patients with GC may help improve clinical decision-making and ensure appropriate
treatment.
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