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Abstract

Background: We sought to investigate the prognostic value of complete blood count (CBC)-based biomarkers for
patients with resectable gastric cancer (GO).

Methods: Patients with GC who underwent primary surgical resection between December 2008 and December
2013 were included. The estimated area under the curve (AUC) and multivariate Cox regression models were used
to identify the best CBC-based biomarker. Time-dependent receiver operating characteristic (t-ROC) curve analysis
was used to predict overall survival and compare the prognostic impact.

Results: In the 1810 patients analyzed, the median follow-up period was 51.0 months (range 1-101 months). Based
on multivariate analysis, the lymphocyte-monocyte ratio (LMR) and hemoglobin (Hb) level were independent
prognostic factors (both P < 0.05). Based on the LMR and Hb level, we established the CBC-based inflammatory
score (CBCS). A higher CBCS was associated with older age, female sex, higher American Society of
Anesthesiologists (ASA) score, proximal tumor location, larger tumor size, later stage and vascular involvement (all
P < 0.05). Univariate analyses showed that a higher CBCS was also associated with worse overall survival (OS), which
was consistent in each stage (all P <0.05). Multivariate analysis revealed that the CBCS was a significant
independent biomarker (P < 0.05). The AUC for the CBCS (0.627) was significantly higher than the AUCs for the LMR
(0.573) and Hb level (0.605) (both P < 0.05). Furthermore, the t-ROC curve of the CBCS was superior to that of the
prognostic nutritional index (PNI), systemic immune-inflammation index (SIl), modified Glasgow prognostic score
(MGPS) and C-reactive protein/albumin ratio (CRP/Alb) throughout the observation period.

Conclusion: The preoperative LMR and Hb level were optimal CBC-based biomarkers for predicting OS in GC
patients after curative resection. Based on the LMR and Hb, we developed a novel and easily obtainable prognostic
score called the CBCS, which may improve the prediction of clinical outcomes.

Keywords: Gastric cancer, Complete blood count, Biomarker, Prognosis

* Correspondence: wwkzch@163.com; hcmlr2002@163.com;
Pingli811002@163.com

"Lin JX and Lin JP contributed equally to this work and should be
considered co-first authors

'Department of Gastric Surgery, Fujian Medical University Union Hospital,
Fuzhou, Fujian Province, China

Full list of author information is available at the end of the article

© The Author(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-019-6466-7&domain=pdf
http://orcid.org/0000-0003-0332-867X
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:wwkzch@163.com
mailto:hcmlr2002@163.com
mailto:Pingli811002@163.com

Lin et al. BMC Cancer (2020) 20:11

Background

Gastric cancer (GC), one of the most common malig-
nancies, is the third most common cause of cancer-
related death worldwide [1]. Despite improvements in
surgical techniques and therapeutic modalities, survival
of GC remains poor [2]. The role of inflammation in
the development of tumors was first described in the
nineteenth century [3]. Currently, there is accumulating
evidence that the host inflammatory response plays an
important role in the development and progression of
cancer [4]. Complete blood count (CBC)-based bio-
markers are a series of inflammatory indicators based
on blood cells [5]. Pretreatment CBC-based biomarkers,
including blood neutrophil, lymphocyte, monocyte, and
platelet counts; hemoglobin (Hb) levels; and their
combinations, such as the neutrophil-lymphocyte ratio
(NLR), lymphocyte-monocyte ratio (LMR) and platelet-
lymphocyte ratio (PLR), have been reported to reflect
systemic and local inflammation associated with cancer
progression and prognosis [6—10].

The American Joint Committee on Cancer (AJCC) sta-
ging system is the most widely used system to assess
prognosis [11], but survival can vary in patients with GC
even when they have the same TNM stage. Therefore, it
is necessary to improve the individual prognostic predic-
tion for GC by combining the AJCC staging system with
other prognostic indicators. Previous studies have shown
that preoperative CBC-based biomarkers can be used as
part of a prognostic model to predict the prognosis of
tumors more accurately [12, 13]. However, there is likely
some degree of overlap between these CBC-based bio-
markers, and some may be redundant. Therefore, for fu-
ture studies and potential clinical use, a more simple
and effective prognostic inflammatory biomarker is re-
quired. The aim of this study was to further evaluate the
prognostic value of these CBC-based biomarkers and to
establish a simple inflammatory scoring system based on
CBC biomarkers to efficiently predict long-term out-
comes for GC patients after surgery.

Methods

Study population

Patients who consecutively underwent radical gastrectomy
at Fujian Medical University Union Hospital from Decem-
ber 2008 to December 2013 were enrolled in this study.
Our exclusion criteria were as follows: (1) no routine
blood examination before surgery, (2) metastatic disease,
(3) neoadjuvant chemotherapy, (4) malignant disease in
other organs, and (5) incomplete/inaccurate follow-up
data or postoperative pathological staging. Finally, 1810
patients were included in the study (Additional file 2: Fig-
ure S1). All surgical procedures, including D2 lymphade-
nectomy, were performed according to the guidelines of
the Japanese Gastric Cancer Association [14]. Staging was
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performed according to the corresponding seventh edition
of the AJCC Staging Manual [11]. Adjuvant chemotherapy
using 5-fluorouracil (5-FU)-based regimens (mostly oxali-
platin with either Xeloda or S-1) was recommended for
the majority of patients with advanced GC [15, 16].

Definition of inflammation-based biomarkers

Patients routinely underwent blood testing during the 7
days before surgery [17]. The blood samples were usually
sent directly to the laboratory for analysis within 1h
after blood extraction. These included CBC, Hb level, al-
bumin (Alb) level, and C-reactive protein (CRP) level
(where available). Candidate CBC-based biomarkers con-
sidered in our study included the Hb level, individual
cell counts (absolute neutrophil, lymphocyte, monocyte,
and platelet), cell count ratios (NLR, LMR, and PLR)
and the systemic immune-inflammation index (SII). The
SII is calculated as the platelet count x the NLR [9]; the
PNI consists of the lymphocyte count and the albumin
level [18]; and the modified Glasgow prognostic score
(mGPS) consists of the CRP and albumin levels [19]. X-
tile software (Yale University, New Haven, CT, USA)
can be used to perform a time-dependent cutoff value
analysis based on survival information [20], and it has
been widely used in many previous studies [12, 21, 22].
X-tile software divided the population into different
strata based on every possible cutoff point. All possible
divisions based on the cutoff points were assessed. The
optimal cut-off value for survival was calculated by
selecting the minimum P value with the maximum x>
value [20]. Therefore, the optimal cutoff values for the
PLR, LMR, Hb level and SII were 161.3, 3.4, 125 g/l and
570, respectively, according to the X-tile software.

Follow-up investigation

A postoperative follow-up assessment was performed
every 3 months for 2 years and then every 6 months from
years 2 to 5. The final follow-up evaluation was con-
ducted in December 2017. Most routine follow-up ap-
pointments included a physical examination, laboratory
testing (including measurements of the levels of cancer
antigen [CA] 19-9, CA72-4, and carcinoembryonic anti-
gen [CEA]), chest radiography, and abdominopelvic
ultrasonography or computed tomography, along with
an annual endoscopic examination. Overall survival (OS)
was defined as the time from surgery to death from any
cause or to the time of censoring on the date of the last
follow-up.

Statistical analysis

Descriptive statistics were used to summarize the cohort
characteristics and the distributions of CBC-based pre-
dictors. To avoid issues with multicollinearity in ensuing
analytic steps, we compared similar predictors and only
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retained the predictors with the superior estimated AUC
for further evaluation [5]. Continuous variables were an-
alyzed by Student’s t tests, and categorical variables were
compared using the chi-square test or Fisher’s exact test.
Survival curves were generated by the Kaplan-Meier
method and analyzed using the log-rank test. Univariate
and multivariate analyses were calculated by the Cox
proportional hazards regression model [23]. Then, in-
ternal validation was performed by simple bootstrapping,
applying resampling with replacement 10,000 times in
the total cohort [24]. The “timeROC” package in R was
used to generate time-dependent receiver operating
characteristic (t-ROC) curves of the inflammatory
scores. The t-ROC curve analysis is an extension of the
ROC curve analysis, and it assesses the discriminatory
power of continuous variables for time-dependent dis-
ease outcomes [25]. In addition, to compare the ROC
curves, AUCs can be calculated [26]. Sequential AUCs
were compared between two scores using independent
and identically distributed representations of AUC esti-
mators. Statistical significance was set at P < 0.05. Statis-
tical analyses were performed using SPSS for Windows
version 18.0 (SPSS Inc., Chicago, IL, USA) and R version
3.1.2 (R Foundation for Statistical Computing, Vienna,
Austria).

Results

Clinicopathological characteristics

Of the 1810 GC patients included in the study, 1374
(75.9%) were male, and 436 (24.1%) were female, and
their median age was 61 years (interquartile range (IQR):
55-69 years). The distribution of TNM stages was as fol-
lows: 515 (28.5%) patients had stage 1 disease, 433
(23.9%) had stage II disease, and 862 (47.6%) had stage
III disease (Additional file 1: Table S1). The AUCs for 5-
year OS were used to identify the best predictors among
those that were similar to one another, as shown in Add-
itional file 1: Table S2. The AUC for the PLR was super-
ior to those for the absolute platelet counts, neutrophil
counts, lymphocyte counts, NLR and SII, whereas the
AUC for the LMR was superior to those for the absolute
monocyte count and absolute lymphocyte count. There
were no predictors similar to the Hb level. Thus, only
the PLR, LMR, and Hb level were retained for further
analyses.

Survival analysis

The median follow-up period was 51.0 months (range 1-
101 months). The 5-year OS rates for the entire cohort
were 67.2%. The cutoff values for the PLR, LMR and Hb
were 161.3, 3.4 and 125 g/l, respectively, as determined
by the X-tile software. In the Kaplan-Meier analyses, a
higher PLR (>161.3), a lower LMR (< 3.4) and a lower
Hb level (<125g/1) were found to be associated with
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worse OS (all P<0.05, Additional file 2: Figure S2A-C).
Univariate analysis showed that the CBC-based bio-
markers associated with OS included the PLR, LMR and
Hb level (all P <0.05, Table 1). In addition, other vari-
ables, including age, body mass index (BMI), the Ameri-
can Society of Anesthesiologists (ASA) score, tumor
location, tumor diameter, vascular invasion and perineu-
ral invasion, had significant effects on OS (all P <0.05,
Table 1). In multivariate analyses, the LMR (P = 0.003)
and Hb level (P =0.003) were independent CBC-based
factors affecting the prognosis (Table 1).

Establishment of the CBC-based inflammatory score
(CBCS)

Based on the survival analysis above, we combined the LMR
and Hb level and generated four subgroups. We found sig-
nificant differences among the four subgroups (Additional
file 2: Figure S2D). In subgroups with either LMR > 3.4 or
Hb =125 g/], the OS was similar (P> 0.05, Additional file 2:
Figure S2D). Thus, we combined those two subgroups to es-
tablish the CBCS as follows: patients with both an elevated
LMR and an elevated Hb level (=3.4 and > 125 g/, respect-
ively) were assigned a score of 0; patients with either a re-
duced LMR or a reduced Hb level were assigned a score of
1, and patients with both a reduced LMR and a reduced
serum Hb level (<34 and<125g/l, respectively) were
assigned a score of 2 (Additional file 1: Table S3).

Next, we analyzed the correlations between the CBCS
and clinicopathological characteristics (Table 2). A higher
CBCS was associated with older age, female sex and a
higher ASA score (all P <0.05, Table 2). Regarding tumor
factors, proximal tumor location, larger tumor size, higher
pTNM stage, and vascular invasion were significantly as-
sociated with a higher CBCS (all P < 0.05, Table 2).

Correlations of the CBCS with survival rates
Kaplan-Meier curves for the 5-year OS were divided into
3 groups according to the CBCS (CBCS=0: 77.8%,
CBCS=1: 62.7%, and CBCS =2: 48.5%; log-rank test:
P <0.05, Fig. 1a). After adjusting for pTNM stage, the
CBCS was strongly associated with the OS of patients in
each stage of disease, including in the stage I, II and III
subgroups (all P <0.05, Fig. 1b-d). Multivariate analyses
revealed that CBCS (P < 0.001), age (P <0.001), tumor lo-
cation (P<0.001), tumor size (P=0.003) and pTNM
stage (P <0.001) were associated with OS (Table 3). A
prediction model was established by combining pTNM
stage and the CBCS, and the AIC of the model was
lower than that of pTNM stage (8066.9 vs. 8101.3), but
the AUC value of the model was significantly better than
that of pTNM stage (0.775 vs. 0.746, P < 0.001).

Internal validation confirmed that the CBCS is an inde-
pendent prognostic factor for GC (CBCS = 1: HR = 1.270;
CACS =2: HR=1.604, P <0.001), and other independent
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Table 1 Univariate and multivariate analyses of clinicopathological variables in relation to overall survival in patients undergoing
potentially curative resection for gastric cancer

Clinicopathological
features

Univariate analysis

Multivariate analysis

HR (95% Cl) p HR (95% Cl) P
Age 1.03 (1.02-1.04) <0.001 1.02 (1.01-1.03) <0.001
Sex 0.979
Male Reference
Female 1.00 (0.83-1.21)
BMI 0.94 (0.92-0.97) <0.001 0.058
ASA score 0.013 0.740
1 Reference
2 1.29 (1.09-1.53)
3 1.18 (0.75-1.86)
Tumor location < 0.001 < 0.001
Upper Reference Reference
Middle 1.05 (0.83-1.33) 0.92 (0.72-1.17)
Lower 0.59 (0.48-0.73) 0.79 (0.64-0.97)
Mixed 1.56 (1.22-1.98) 1.32 (1.03-1.70)
Tumor size (cm) 1.02 (1.01-1.02) <0.001 1.01 (1.00-1.01) 0.003
Histologic type 0.069
Differentiated Reference
Undifferentiated 1.22 (0.99-1.51)
Vascular invasion <0.001 0.655
Negative Reference
Positive 1.69 (1.41-2.02)
Perineural invasion <0.001 0.885
Negative Reference
Positive 1.63 (1.33-1.99)
pTNM stage <0.001 <0.001
I Reference Reference
Il 265 (1.82-3.68) 2.00 (1.38-2.90)
Il 9.74 (7.05-13.46) 6.80 (4.91-941)
Adjuvant chemotherapy 0.260
No Reference
Yes 1.10 (0.93-1.31)
Hb <0.001 0.003
<125 Reference Reference
2125 0.51 (0.43-0.60) 0.77 (0.65-0.91)
LMR <0.001 0.003
<34 Reference Reference
234 0.59 (0.50-0.70) 0.78 (0.65-0.91)
PLR <0.001 0434
<1613 Reference
21613 1.70 (1.44-2.00)
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Table 2 Relationship between the CBCS and clinicopathological characteristics in patients undergoing potentially curative resection

for gastric cancer

Clinicopathological features CBCS P value
0 1 2
Case 824 673 313
Age, median (IQR) 59 63 66 <0.001
Sex <0.001
Male 668 (81.1%) 474 (70.4%) 232 (74.1%)
Female 156 (18.9%) 199 (29.6%) 81 (25.9%)
BMI, median, (IQR) 22.3 219 21.8 0.468
ASA score <0.001
1 578 (70.1%) 399 (59.3%) 149 (47.6%)
2 238 (28.9%) 244 (36.3%) 144 (46.0%)
3 8 (1.0%) 30 (4.5%) 20 (6:4%)
Tumor location 0.001
Upper 195 (23.7%) 176 (26.2%) 70 (22.4%)
Middle 119 (14.4%) 124 (18.4%) 77 (24.6%)
Lower 405 (49.2%) 290 (43.1%) 120 (38.3%)
Mixed 105 (12.7%) 83 (12.3%) 46 (14.7%)
Tumor size (cm), median (IQR) 4.0 45 50 <0.001
Histologic type 0.725
Differentiated 159 (19.3%) 141 (21.0%) 62 (19.8%)
Undifferentiated 665 (80.7%) 532 (79.0%) 251 (80.2%)
Vascular invasion < 0.001
Negative 675 (81.9%) 513 (76.2%) 218 (69.6%)
Positive 149 (18.1%) 160 (23.8%) 95 (30.4%)
Perineural invasion 0.219
Negative 707 (85.8%) 575 (85.4%) 256 (81.8%)
Positive 117 (14.2%) 98 (14.6%) 57 (18.2%)
pTNM stage <0.001
I 323 (39.2%) 148 (22.0%) 44 (14.1%)

Il 179 (21.7%)
Il 322 (39.1%)

174 (25.9%)
351 (52.2%)

80 (25.6%)
189 (60.4%)

prognostic factors included age, tumor location, tumor
size and pathological stage (all P <0.001, Table 3).

Comparison of the CBCS with its components (LMR and
Hb) in terms of prognostic accuracy for the prediction of
5-year OS

The CBCS was based on the LMR and the Hb level
(Additional file 1: Table S3). We thus explored the prog-
nostic accuracies of the CBCS and each of its compo-
nents—the LMR and Hb level—by generating AUCs for
the prediction of 5-year OS. The AUCs for the CBCS,
LMR and Hb were 0.627 (95% confidence interval [CI]
0.604-0.650), 0.573 (95% CI 0.549-0.596) and 0.605
(95% CI 0.582-0.628), respectively. The AUC for the

CBCS was significantly higher than that for each compo-
nent of the CBCS (both P < 0.05).

Comparison of the CBCS with other inflammatory scoring
systems (PNI, Sll, mGPS and CRP/Alb) in terms of
prognostic accuracy

We generated t-ROC curves to compare the prognostic
accuracy of the CBCS and other inflammatory scoring
systems (PNI, SII, mGPS and CRP/Alb). The t-ROC
curve for the CBCS was consistently superior to those
of the PNI and SII throughout the observation period
(Fig. 2). Of the 1810 patients in our cohort with
complete data, 239 also had CRP values available for
analysis. The t-ROC curve for the CBCS was also



Lin et al. BMC Cancer (2020) 20:11 Page 6 of 10
p
A Total cohort =3 Stage |
1.0- cBCS
’ -0 10d ——= _ cBCs
1 —_—
Mo
0.8 2 1
0.8 2
s
£ 06 s
3 S 067
panind 3
® 2
2 0.4 s
3 S 0.4
[S)
0.2 0.2
0.0 P<0.001 0.0 P=0.011
T T T T T T T T T T T T T T
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time (months) Time (months)
C Stage |I D Stage IlI
1.01 CBCS 1.0 =, CBCS
B o -0
-1 -1
0.8 2 0.8 2
® K
> >
< 06 < 06
3 3
2] ]
s s
S 0.4 S 0.4
[S) [S)
0.2 0.2
0.0 P=0.012 0.0 P<0.001
T T T T T T T T T T T T T T
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time (months) Time (months)
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superior to those for the mGPS and CRP/Alb (Add-
itional file 2: Figure S3).

Discussion

Currently, accumulating evidence suggests that the sys-
temic inflammatory response plays an important role in
tumor progression and metastasis [27, 28]. There has
been growing interest in using CBC-based measures as
biomarkers for GC [7, 8, 10]. However, there is an over-
lap between these indicators, and the actual prognostic
accuracy of some indicators is poor. Therefore, we
sought to evaluate which of these CBC-based biomarkers
ultimately display the greatest potential in GC patients.
The AUC is an index that can be used to compare the
prognostic abilities of different factors. The higher the
AUC value is, the stronger the predictive ability of the
prognostic factor; this metric has been widely used in

previous studies [5, 29, 30]. In this study, we compared
the AUC values of similar CBC-based biomarkers, and
the CBC-based biomarkers with higher AUC values were
retained for further evaluation. Finally, the PLR, LMR
and Hb level were retained for subsequent analyses.
Multivariate analysis revealed that the preoperative LMR
and Hb level were independent CBC-based predictors of
OS for patients with GC undergoing curative surgical re-
section, which is consistent with the findings of previous
studies [6, 7, 17]. Furthermore, we developed a novel
CBC-based prognostic score, called the CBCS, based on
the combination of the LMR and Hb level after dichoto-
mization to more accurately and easily predict the long-
term prognosis of GC patients.

This study assessed the associations between pre-
operative CBCS and clinicopathological factors. Our re-
sults revealed that an elevated CBCS was associated
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Table 3 Multivariate analysis of the CBCS clinicopathological
variables in relation to overall survival in patients undergoing
potentially curative resection for gastric cancer

Clinicopathological ~ Multivariate analysis* Internal validation*

features HR(95% Cl) P HR(95% C)) P
Age 1.02 (1.02-1.03) <0001 1.02 (1.02-1.03) <0.001
Tumor Location <0.001 <0.001
Upper Reference Reference
Middle 092 (0.72-1.17) 091 (0.72-1.15)
Lower 0.79 (0.64-0.97) 0.78 (0.64-0.96)
Mixed 1.32 (1.03-1.70) 1.30 (1.02-1.66)
Tumor size (cm) 1.01 (1.00-1.01) 0003 1.01 (1.00-1.01) <0.001
pTNM stage <0.001 <0.001
I Reference Reference
I 2.00 (1.38-2.91) 2.02 (142-2.88)
Il 6.81 (4.92-9.42) 6.82 (4.97-9.36)
CBCS <0.001 <0.001
0 Reference Reference
1 1.29 (1.06-1.57) 1.27 (1.03-1.54)
2 1.68 (1.35-2.09) 1.60 (1.22-1.94)

*Adjusted for the following variables: age, BMI, ASA score, tumor location,
vascular invasion, perineural invasion, pTNM stage, CBCS, and PLR

with a number of variables that were previously shown
to be predictive of poor outcomes. These variables in-
clude tumor location, tumor diameter, vascular inva-
sion, and tumor stage. In addition, multivariate analysis
demonstrated that the CBCS is an independent prog-
nostic factor for GC patients. At present, there is no
consensus on how the AUC value can be used in clin-
ical practice [9, 31, 32]. In our study, the AUC value of
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CBCS was 0.627, which was significantly higher than
those of the LMR and Hb level according to the Delong
test [33]. Our study indicated that the CBCS has better
discriminatory ability than its components in terms of
determining the prognosis of GC patients. As an in-
flammatory scoring system based on the LMR and Hb
level, the biological rationale behind the prognostic
value of the CBCS might involve the function of mono-
cytes, lymphocytes and Hb. Circulating monocytes may
contribute to both tumor growth and reduced immuno-
surveillance, which is supported by previous findings
[34]. In addition, there is mounting evidence that
tumor-associated macrophages (TAMs) primarily exert
protumoral activity, including the promotion of metas-
tasis, immunosuppression, and tumor angiogenesis
[35]. Therefore, an increase in peripheral blood mono-
cytes is associated with poor prognosis in patients.
Lymphocytes are basic components of the adaptive and
innate immune systems and form the cellular basis of
immunosurveillance and immunoediting [36]. Due to
tumor-infiltrating lymphocyte-induced antitumor activ-
ity and the inhibition of angiogenesis, the presence of
tumor-infiltrating lymphocytes is associated with im-
proved survival in various cancers [37]. Lymphopenia
has been associated with poor prognosis in cancer pa-
tients [38, 39]. In addition, Zhang et al. demonstrated
that anemia is an independent risk factor for advanced
GC [40]. Anemia may have an impact on the quality of
life, performance status, treatment tolerance, clinical
symptoms, recovery from surgery and even outcomes
[41, 42]. Therefore, the CBCS, which is based on both
the LMR and the Hb level, may enable a better under-
standing of the effects of the tumor on both ongoing
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— PNI
— S8l
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Fig. 2 Time-dependent ROC curves of the CBCS, PNI, and SlI for the prediction of overall survival. The dotted lines in Fig. 2 represent the 95% Cl,
and the unit of time is months. Blood samples were routinely drawn during the 7 days before surgery
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systemic inflammation and the functional state of pa-
tients. We also found that the CBCS could be used for
further risk stratification in each TNM stage, suggesting
that the CBCS might provide additional prognostic in-
formation to complement postoperative pathological
staging.

In recent years, a number of inflammatory scoring sys-
tems, such as the SII, PNI, mGPS, and CRP/Alb, have been
established to predict the prognosis of GC [9, 18, 19, 32]. In
this study, we used t-ROC analyses to compare the prognos-
tic values of CBCS and other inflammatory scoring systems,
including the SII, PNI, mGPS and CRP/Alb. The advantage
of this method is that it can assess the impact of individual
prognostic factors and enables the analysis of survival data
with censoring using ROC curves [25]. In addition, we
found that the t-ROC curve for the CBCS was consistently
superior to those for the SII and PNI after surgery. We also
attempted to clarify the utility of the mGPS and CRP/Alb in
comparison with CBCS. In our center, CRP was not a rou-
tine parameter tested in GC patients in the past. However,
in recent years, it has been reported that preoperative CRP
levels may affect the prognosis of GC. Thereafter, we rou-
tinely performed preoperative CRP examinations. Thus,
CRP levels were only available in some patients. Our analysis
demonstrated that the CBCS yielded a better t-ROC curve
than did mGPS and CRP/Alb. Thus, as a novel inflamma-
tory prognostic factor, CBCS is a superior predictor of OS
compared with other inflammatory scoring systems. Fur-
thermore, we found that compared with the traditional
pathological stage, the model established by combining the
CBCS and pTNM stages can predict the long-term survival
of patients with GC more effectively. Thus, the CBCS can
be used as a supplement to the traditional pathological stage
in clinical practice to better stratify patients and provide a
more accurate basis for guiding postoperative follow-up and
individualized treatment.

Nevertheless, there were several limitations in our
study. First, because of its retrospective nature, our study
may have been subject to selection bias. For example,
only some patients had preoperative CRP values. Add-
itionally, because of the retrospective nature of the
study, the time between drawing the blood and analysis
of the blood sample was not noted. Second, we excluded
patients with neoadjuvant therapy to ensure that all pa-
tients were in the same state before blood sampling. It is
common practice in the West to give neoadjuvant treat-
ment to patients with locally advanced disease, but this
is not common practice in the East [43]. In China, most
patients do not receive pre-adjuvant therapy, so there
are relatively fewer patients with of neoadjuvant therapy
in this study, and most patients with neoadjuvant
chemotherapy have more advanced disease, usually stage
T4b or metastatic disease. Therefore, the results of this
study are not applicable to GC patients undergoing
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neoadjuvant therapy. Third, due to the lack of data from
other centers, we could not validate the results exter-
nally. Last, the AUC values of CBCS are low, but after
combining the CBCS with the traditional staging system,
we found that the CBCS can improve the accuracy of
the prognostic evaluation for patients with GC.

Conclusions

Our study is the first to develop the CBCS and demon-
strate that the preoperative CBCS, based on the LMR
and the Hb level, is the most efficient marker for pre-
dicting OS in GC patients. The findings of this study
can help clinicians select, as part of individualized GC
treatment strategies, the most effective inflammatory
markers for preoperative risk stratification and postoper-
ative follow-up.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512885-019-6466-7.

Additional file 1: Table S1. Clinicopathological characteristics. Table
S2. Comparison of the AUCs between CBC-based parameters. Table S3.
Definition of the complete blood count-based score (CBCS).

Additional file 2: Figure S1. Selection of the study population. Figure
S2. Kaplan-Meier analysis of overall survival according to (A) the pre-
operative PLR, (B) the preoperative LMR, (C) the preoperative hemoglobin
level, (D) the combination of the preoperative serum hemoglobin level
and the LMR. Figure S3. Time-dependent ROC curves of the CBCS,
mGPS, and CRP/Alb for the prediction of overall survival. The dotted lines
in Fig. 2 represent the 95% Cl, and the unit of time is months.

Abbreviations

Alb: Albumin; ASA: American Society of Anesthesiologists; AUC: Area under
the curve; BMI: Body mass index; CBCS: Complete blood count-based inflam-
matory score; Cl: Confidence interval; CRP: C-reactive protein; GC: Gastric
cancer; Hb: Hemoglobin; HR: Hazard ratio; LMR: Lymphocyte-monocyte ratio;
mGPS: Modified Glasgow Prognostic Score; NLR: Neutrophil- lymphocyte
ratio; OS: Overall survival; PLR: Platelet- lymphocyte ratio; SlI: Systemic
Immune-inflammation Index; T-ROC: Time-dependent receiver operating
characteristic

Acknowledgements

The authors are thankful to Fujian Medical University Union Hospital for the
management of our gastric cancer patient database and the 27th
International Congress of the European Association for Endoscopic Surgery
(EAES) Sevilla, Spain, 12-15 June 2019 for accepting the abstract as a poster.

Authors’ contributions

JXL, JPL, CHZ, CMH and PL conceived of the study, analyzed the data, and
drafted the manuscript; RHT, PL, JWX, JBW, and PL helped critically revise the
manuscript for important intellectual content; JL, QYC, LLC, and ML helped
collect the data and design the study. All authors read and approved the
final manuscript.

Funding

Scientific and Technological Innovation Joint Capital Projects of Fujian
Province, China (N0.2016Y9031). Minimally Invasive Medical Center of Fujian
Province (No. [2017]1171). This funding facilitated the collection, analysis, and
interpretation of the data and the writing and English language editing of
the manuscript.


https://doi.org/10.1186/s12885-019-6466-7
https://doi.org/10.1186/s12885-019-6466-7

Lin et al. BMC Cancer (2020) 20:11

Availability of data and materials
The dataset analyzed in this study is available from the corresponding author
upon reasonable request.

Ethics approval and consent to participate

This study obtained approval from the Independent Ethics Committee of
Fujian Medical University Union Hospital to identify patients diagnosed with
gastric cancer in our center. Consent was provided by all participants orally
and through a written document. Specimens were allowed to be stored in
the hospital database and used in research. Patient records were
anonymized and de-identified before analysis.

Consent for publication
Not applicable.

Competing interests
There are no conflicts of interest or financial ties to disclose for any of the
authors.

Author details

'Department of Gastric Surgery, Fujian Medical University Union Hospital,
Fuzhou, Fujian Province, China. “Department of General Surgery, Fujian
Medical University Union Hospital, Fuzhou, Fujian Province, China. 3Key
Laboratory of Ministry of Education of Gastrointestinal Cancer, Fujian Medical
University, Fuzhou, Fujian Province, China. “Fujian Key Laboratory of Tumor
Microbiology, Fujian Medical University, Fuzhou, Fujian, China.

Received: 16 April 2019 Accepted: 15 December 2019
Published online: 06 January 2020

References

1. Ferlay J, Soerjomataram |, Dikshit R, et al. Cancer incidence and mortality
worldwide: sources, methods and major patterns in GLOBOCAN 2012. Int J
Cancer. 2015;5:E359-86.

2. Sasako M, Sano T, Yamamoto S, et al. D2 lymphadenectomy alone or with
Para-aortic nodal dissection for gastric Cancer. N Engl J Med. 2008;5:453-62.

3. Balkwill F, Mantovani A. Inflammation and Cancer: Back to Virchow? Lancet.
2001;9255:539-45.

. Coussens LM, Werb Z. Inflammation and Cancer. Nature. 2002,6917:860-7.

5. Bhindi B, Hermanns T, Wei Y, et al. Identification of the best complete blood
count-based predictors for bladder Cancer outcomes in patients
undergoing radical cystectomy. Br J Cancer. 2016;2:207-12.

6. Caro JJ, Salas M, Ward A, Goss G. Anemia as an independent prognostic
factor for survival in patients with Cancer: a systemic, Quantitative Review.
Cancer-Am Cancer Soc. 2001;12:2214-21.

7. Hsu JT, Wang CC, Le PH, et al. Lymphocyte-to-monocyte ratios predict
gastric Cancer surgical outcomes. J Surg Res. 2016;2:284-90.

8. Lian L, Xia YY, Zhou C, et al. Application of platelet/lymphocyte and
neutrophil/lymphocyte ratios in early diagnosis and prognostic prediction in
patients with Resectable gastric Cancer. Cancer Biomark. 2015;6:899-907.

9. Wang K, Diao F, Ye Z, et al. Prognostic value of systemic immune-
inflammation index in patients with gastric Cancer. Chin J Cancer. 2017;1:75.

10.  Wang SC, Chou JF, Strong VE, Brennan MF, Capanu M, Coit DG.
Pretreatment neutrophil to lymphocyte ratio independently predicts
disease-specific survival in Resectable Gastroesophageal junction and gastric
adenocarcinoma. Ann Surg. 2016,2:292-7.

11, Edge SBBD. AJCC Cancer staging manual. 7th ed. New York: Springer; 2010.

12. Deng Q, He B, Liu X, et al. Prognostic value of pre-operative inflammatory
response biomarkers in gastric cancer patients and the construction of a
predictive model. J Transl Med. 2015;13:66.

13. LY, Jia H, Yu W, et al. Nomograms for predicting prognostic value of
inflammatory biomarkers in colorectal cancer patients after radical resection.
Int J Cancer. 2016;139(1):220-31.

14.  Japanese Gastric Cancer Treatment Guidelines 2010 (Ver. 3). Gastric Cancer.
2011; 2: 113-23.

15. Bang YJ, Kim YW, Yang HK; et al. Adjuvant Capecitabine and Oxaliplatin for
gastric Cancer after D2 Gastrectomy (CLASSIC): a phase 3 open-label,
Randomised Controlled Trial. Lancet. 2012,9813:315-21.

16.  Sasako M, Sakuramoto S, Katai H, et al. Five-year outcomes of a randomized
phase lIl trial comparing adjuvant chemotherapy with S-1 versus surgery
alone in stage Il or lll gastric Cancer. J Clin Oncol. 2011;33:4387-93.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

7.

Page 9 of 10

Lin JP, Lin JX, Cao LL, et al. Preoperative lymphocyte-to-monocyte ratio as a
Strong predictor of survival and recurrence for gastric Cancer after radical-
intent surgery. Oncotarget. 2017;45:79234-47.

Nozoe T, Ninomiya M, Maeda T, Matsukuma A, Nakashima H, Ezaki T.
Prognostic nutritional index: a tool to predict the biological aggressiveness
of gastric carcinoma. Surg Today. 2010;5:440-3.

Jiang X, Hiki N, Nunobe S, et al. Prognostic importance of the inflalmmation-
based Glasgow prognostic score in patients with gastric Cancer. Br J Cancer.
2012;2:275-9.

Camp RL, Dolled-Filhart M, Rimm DL. X-tile: a new bio-informatics tool for
biomarker assessment and outcome-based cut-point optimization. Clin
Cancer Res. 2004;21:7252-9.

Fang LP, Xu XY, Ji Y, Huang PW. The prognostic value of preoperative
neutrophil-to-lymphocyte ratio in resected patients with pancreatic
adenocarcinoma. World J Surg. 2018;42(11):3736-45.

Hu B, Yang XR, Xu Y, et al. Systemic immune-inflammation index predicts
prognosis of patients after curative resection for hepatocellular carcinoma.
Clin Cancer Res. 2014;20(23):6212-22.

Suzuki Y, Okabayashi K, Hasegawa H, et al. Comparison of preoperative
inflammation-based prognostic scores in patients with colorectal Cancer.
Ann Surg. 2018;267(3):527-31.

Aziz MH, Sideras K, Aziz NA, et al. The systemic-immune-inflammation index
independently predicts survival and recurrence in Resectable pancreatic
Cancer and its prognostic value depends on bilirubin levels: a retrospective
multicenter cohort study. Ann Surg. 2019;270(1):139-46.

Heagerty PJ, Lumley T, Pepe MS. Time-dependent ROC curves for censored
survival data and a diagnostic marker. Biometrics. 2000,2:337-44.
Rodriguez-Alvarez MX, Meira-Machado L, Abu-Assi E, Raposeiras-Roubin S.
Nonparametric estimation of time-dependent ROC curves conditional on a
continuous covariate. Stat Med. 2016;7:1090-102.

Diakos Cl, Charles KA, McMillan DC, Clarke SJ. Cancer-related inflammation
and treatment effectiveness. Lancet Oncol. 2014;11:2493-503.

Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related inflammation.
Nature. 2008;7203:436-44.

Kinoshita A, Onoda H, Imai N, et al. Comparison of the prognostic value of
inflammation-based prognostic scores in patients with hepatocellular
carcinoma. Br J Cancer. 2012;107(6):988-93.

Kuroda D, Sawayama H, Kurashige J, et al. Controlling nutritional status
(CONUT) score is a prognostic marker for gastric cancer patients after
curative resection. Gastric Cancer. 2018,21(2):204-12.

Kim EY, Lee JW, Yoo HM, et al. The platelet-to-lymphocyte ratio versus
neutrophil-to-lymphocyte ratio: which is better as a prognostic factor in
gastric Cancer? Ann Surg Oncol. 2015;22(13):4363-70.

Liu X, Sun X, Liu J, et al. Preoperative C-reactive protein/albumin ratio
predicts prognosis of patients after curative resection for gastric Cancer.
Transl Oncol. 2015;8(4):339-45.

Delong ER, DelLong DM, Clarke-Pearson DL. Comparing the areas under
two or more correlated receiver operating characteristic curves: a
nonparametric approach. Biometrics. 1988;44(3):837-45.

Augier S, Ciucci T, Luci C, Carle GF, Blin-Wakkach C, Wakkach A.
Inflammatory blood monocytes contribute to tumor development and
represent a privileged target to improve host Immunosurveillance. J
Immunol. 2010;12:7165-73.

Galdiero MR, Bonavita E, Barajon |, Garlanda C, Mantovani A, Jaillon S. Tumor
associated macrophages and neutrophils in Cancer. Immunobiology. 2013;
11:1402-10.

Dunn GP, Old LJ, Schreiber RD. The Immunobiology of Cancer
Immunosurveillance and Immunoediting. Immunity. 2004;2:137-48.

Azimi F, Scolyer RA, Rumcheva P, et al. Tumor-infiltrating lymphocyte grade
is an independent predictor of sentinel lymph node status and survival in
patients with cutaneous melanoma. J Clin Oncol. 2012;21:2678-83.

Fogar P, Sperti C, Basso D, et al. Decreased Total lymphocyte counts in
pancreatic Cancer: an index of adverse outcome. Pancreas. 2006;1:22-8.
Ray-Coquard |, Cropet C, Van Glabbeke M, et al. Lymphopenia as a
prognostic factor for overall survival in advanced carcinomas, sarcomas, and
lymphomas. Cancer Res. 2009;13:5383-91.

Zhang S, Lu M, Li Y, Li J, Shen L. A Lower Haemoglobin Level Predicts
a Worse Survival of Patients with Advanced Gastric Cancer. Clin Oncol
(R Coll Radiol). 2014;4:239-40.

Gillespie TW. Anemia in Cancer: therapeutic implications and interventions.
Cancer Nurs. 2003;2:119-28 129-30.



Lin et al. BMC Cancer (2020) 20:11 Page 10 of 10

42. Tomita M, Shimizu T, Hara M, Ayabe T, Onitsuka T. Impact of preoperative
hemoglobin level on survival of non-small cell lung Cancer patients.
Anticancer Res. 2008;3B:1947-50.

43, Strong VE, Song KY, Park CH, et al. Comparison of gastric cancer survival
following RO resection in the United States and Korea using an
internationally validated nomogram. Ann Surg. 2010;251(4).640-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions k BMC




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study population
	Definition of inflammation-based biomarkers
	Follow-up investigation
	Statistical analysis

	Results
	Clinicopathological characteristics
	Survival analysis
	Establishment of the CBC-based inflammatory score (CBCS)
	Correlations of the CBCS with survival rates
	Comparison of the CBCS with its components (LMR and Hb) in terms of prognostic accuracy for the prediction of 5-year OS
	Comparison of the CBCS with other inflammatory scoring systems (PNI, SII, mGPS and CRP/Alb) in terms of prognostic accuracy

	Discussion
	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

