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ABSTRACT

Background. Among numerous systemic inflammatory

biomarkers, it remains unclear which is the most prognostic

for patients with stage II/III colon cancer. We aimed to

compare the prognostic significance of systemic inflam-

matory biomarkers among patients with stage II/III colon

cancer.

Methods. We included 1303 patients with stage II/III

colon cancer who underwent potentially curative resection

from July 2004 to December 2013. Sixteen systemic

inflammatory biomarkers—derived from combinations of

neutrophils, lymphocytes, monocytes, platelets, C-reactive

protein (CRP), and albumin—were compared to identify

the biomarker most associated with overall survival (OS)

and disease-free survival (DFS) using receiver operating

characteristic (ROC) curve analysis.

Results. Nine inflammatory biomarkers were predictive

for OS, among which lymphocyte-to-CRP ratio (LCR),

CRP-to-albumin ratio (CAR), neutrophil 9 CRP, mono-

cyte 9 CRP, and platelet 9 CRP were also predictive for

DFS. Among these five inflammatory biomarkers, the area

under the curve (AUC) value was highest (0.630) for LCR,

being significantly higher than that for neutrophil 9 CRP

(P = 0.010), monocyte 9 CRP (P = 0.007), or platelet 9

CRP (P = 0.010) for OS. When the prognostic impact of

LCR and CAR were analyzed by multivariate analysis,

only LCR was an independent predictor of both OS [hazard

ratio (HR), 1.77; 95% confidence interval (CI), 1.23–2.60;

P = 0.002] and DFS (HR, 1.29; 95% CI, 1.00–1.66;

P = 0.048).

Conclusions. LCR may be the most useful predictive

factor for OS and DFS in patients with stage II or III colon

cancer.

Colorectal cancer is the third leading cause of cancer

death in the world.1 Although surgical procedures and

chemotherapy have improved, relapse after curative

resection and mortality from colorectal cancer remain high.

The tumor–node–metastasis (TNM) stage is widely rec-

ognized as the primary prognostic factor, but it is not

precise, especially in patients with localized disease.2

Therefore, it is necessary to identify which patients have

high possibility of recurrence, and which biomarker is most

associated with poor survival.

In patients with stage I–IV colorectal cancer, preopera-

tive systemic inflammatory response is generally predictive

of disease progression and outcomes,3 with numerous

serum systemic inflammatory biomarkers and other indices

associated with poor outcomes: blood neutrophil-to-lym-

phocyte ratio (NLR),4,5 lymphocyte-to-monocyte ratio

(LMR),6 platelet-to-lymphocyte ratio (PLR),7 C-reactive

protein (CRP)-to-albumin ratio (CAR),8 modified Glasgow

prognostic score (mGPS),9–12 systemic inflammation score

(SIS),13 and prognostic nutritional index (PNI).14 Patients

with stage IV colorectal cancer who also present with an

inflammatory response carry tumors with more aggressive
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biological behavior and a higher rate of recurrence.15

However, the relation between systemic inflammatory

response and prognosis in patients with stage II or III colon

cancer is not well defined. Furthermore, it is unclear which

systemic inflammatory biomarker is most associated with

prognosis.

The aim of this study is to compare various preoperative

systemic inflammatory biomarkers in terms of prognostic

significance in a cohort of patients with stage II or III colon

cancer undergoing curative resection.

PATIENTS AND METHODS

Study Population

From July 2004 to December 2013, 1449 patients with

pathological stage II or III colon cancer, including rec-

tosigmoid cancer, underwent elective curative resection at

the Department of Gastroenterological Surgery of the

Cancer Institute Hospital (CIH). The exclusion criteria

were preoperative chemotherapy or radiation (n = 16),

bowel obstruction (n = 11), multiple cancers (n = 75),

neuroendocrine carcinoma (n = 4), and inadequate records

of biomarkers (n = 40). Finally, 1303 patients were inclu-

ded in the present study. Tumors were staged according to

the 7th edition of the American Joint Committee on Cancer

(AJCC) Cancer staging manual.16 Ethical approval for this

study was granted by the Ethics Committee of the CIH

(reference no. 2016-1090).

Serum Inflammatory Markers

Counts of whole white blood cells, neutrophils, lym-

phocytes, monocytes, and platelets, as well as levels of

C-reactive protein (CRP) and albumin were recorded

within a 30-day period before surgery. Inflammatory

response is characterized by an increase in the proportion

of neutrophils, monocytes, platelets, and CRP (i.e.,

inflammatory parameters) and a decrease in the proportion

of lymphocytes and albumin (i.e., antiinflammatory

parameters).17 Thus, when any two of these six serum

inflammatory and antiinflammatory parameters are asses-

sed together, there is a total of 15 possible combinations

(Table 1). When the grouped serum parameters are both

inflammatory or both antiinflammatory, they are multi-

plied; when there is one from each group, they are divided.

In addition, PNI was calculated as albumin (g l-1)-

? 0.005 9 total lymphocyte count.14 Among the 16

inflammatory biomarkers listed in Table 1, six systemic

inflammatory biomarkers are well characterized as mark-

ers: NLR, LMR, PLR, CAR, PNI, and lymphocyte-to-CRP

ratio (LCR).18

Survival Data

Data regarding patient survival were collected and used

to calculate patient overall survival (OS), defined as time

from date of first surgery to date of death from any cause.

Data regarding disease recurrence were collected from

radiological, histopathological, and endoscopic records.

TABLE 1 Sixteen

inflammatory biomarkers

evaluated in this study

Biomarker name Biomarker components

Neutrophil-to-lymphocyte ratio (NLR) Neutrophil (/ll)/lymphocyte (/ll)

Lymphocyte-to-monocyte ratio (LMR) Lymphocyte (/ll)/monocyte (/ll)

Platelet-to-lymphocyte ratio (PLR) Platelet (/ll)/lymphocyte (/ll)

CRP-to-albumin ratio (CAR) CRP (mg/dl)/albumin (g/dl)

Prognostic nutritional index (PNI) Albumin (g/dl) ? 0.005 9 lymphocyte (/ll)

Lymphocyte-to-CRP ratio (LCR) Lymphocyte (/ll)/CRP (mg/dl)

Neutrophil–albumin ratio Neutrophil (/ll)/albumin (g/dl)

Monocyte–albumin ratio Monocyte (/ll)/albumin (g/dl)

Platelet–albumin ratio Platelet (/ll)/albumin (g/dl)

Neutrophil 9 monocyte Neutrophil (/ll) 9 monocyte (/ll)

Neutrophil 9 platelet Neutrophil (/ll) 9 platelet (/ll)

Neutrophil 9 CRP Neutrophil (/ll) 9 CRP (mg/dl)

Monocyte 9 platelet Monocyte (/ll) 9 platelet (/ll)

Monocyte 9 CRP Monocyte (/ll) 9 CRP (mg/dl)

Platelet 9 CRP Platelet (/ll) 9 CRP (mg/dl)

Lymphocyte 9 albumin Lymphocyte (/ll)/albumin (g/dl)

CRP C-reactive protein
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Disease-free survival (DFS) was defined as time from date

of first surgery to date on which disease recurrence, either

local or distant, was first detected or death from any cause.

Those patients who experienced no events were censored at

last follow-up. The follow-up protocol was standardized

within the Colorectal Surgery Department at CIH: patients

were tested for tumor markers every 3 months during the

first 3 years then every 6 months thereafter; computed

tomography (chest to pelvis) was performed every

6 months for 5 years.

Statistical Analysis

Data are presented as median (range) for continuous

variables and number of patients (percentage) for cate-

gorical variables. Continuous variables were compared

using the Mann–Whitney U-test, and categorical variables

were compared using Fisher’s exact test. Receiver operat-

ing characteristic (ROC) curves for OS and DFS were

analyzed for each inflammatory biomarker, with the You-

den index used to determine the cut-off value. Two ROC

curves were compared using the DeLong test and bootstrap

test.19 Survival analysis was performed using the Kaplan–

Meier method with the log-rank test. Univariate and mul-

tivariate Cox proportional hazard models were used to

calculate hazard ratios (HRs) and 95% confidence intervals

(CIs). All statistical analyses were performed using

GraphPad Prism 7 software (GraphPad, San Diego, CA),

JMP software V 10.0.2 (SAS Institute Inc.; Cary, NC), or R

software v3.5.3 (R Foundation for Statistical Computing,

Vienna, Austria).

RESULTS

Patient Characteristics

The clinicopathological features of patients enrolled in

this study are summarized in Table 2. The patient group

included 689 men and 614 women with median age of

65 years (range 26–93 years). The median pretreatment

CEA was 3.0 (range 0.5–31.3). The tumor was located on

the left side in 61% of patients. About 50% of patients were

stage II, and 46.1% of patients underwent adjuvant

chemotherapy.

ROC Curve Analysis for OS and DFS

The median follow-up period for survivors was

60.2 months (range 3–106 months; interquartile range

50.7–65.7 months). There were 139 deaths and 224

recurrences. The five-year OS and DFS for the entire

cohort were 89.5% and 79.3%, respectively. Among 16

inflammatory biomarkers, only five (CAR, LCR, neu-

trophil 9 CRP, monocyte 9 CRP, and platelet 9 CRP)

had significantly higher area under the curve (AUC) values

([ 0.5) in predicting DFS (Fig. 1). In predicting OS, these

five biomarkers as well as four additional biomarkers

(NLR, LMR, PNI, and lymphocyte 9 Alb) had signifi-

cantly higher AUC ([ 0.5) in predicting OS (Fig. 2), with

TABLE 2 Baseline clinicopathological characteristics of patients

undergoing potentially curative resection

Patient data (n = 1303)

Age (years)

Median 65.0

Range 26.0–93.0

Gender, n (%)

Male 689 (52.9%)

Female 614 (47.1%)

CEA (ng/mL)

Median 3.0

Range 0.5–313

History of surgery, n (%)

Yes 495 (34.8)

No 808 (65.2)

Tumor location, n (%)

Left-sided (descending to rectosigmoid colon) 795 (61.0%)

Right-sided (cecum to transverse colon) 508 (39.0%)

Pathological type, n (%)

Well to moderately differentiated adenocarcinoma 1213 (93.1%)

Poorly differentiated or mucinous adenocarcinoma 90 (6.9%)

Tumor size (mm)

Median 40.0

Range 5.0–150.0

Pathological T category, n (%)

T1, T2 131 (10.1%)

T3 862 (66.2%)

T4 310 (23.8%)

Pathological N category, n (%)

N0 651 (50.0%)

N1 483 (37.1%)

N2 169 (13.0%)

Number of lymph nodes retrieved, n (%)

C 12 1258 (96.5%)

\ 12 45 (3.5%)

Lymphovascular invasion, n (%)

Yes 538 (41.3%)

No 765 (58.7%)

Postoperative adjuvant chemotherapy, n (%)

No 702 (53.9%)

Chemotherapy with oxaliplatin 414 (31.8%)

Chemotherapy without oxaliplatin 187 (14.4%)
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LCR having the highest AUC value (0.630). We then

compared the AUC values for LCR with another four

biomarkers that were potential predictors for both OS and

DFS (Fig. 3). Using the DeLong test, the AUC value for

LCR was significantly higher than that for neu-

trophil 9 CRP (P = 0.0097), monocyte 9 CRP

(P = 0.0072), and platelet 9 CRP (P = 0.0103), and ten-

ded to be higher than that for CAR (P = 0.1248). We

performed 2000 bootstrap replicates and obtained similar

P values (0.0092 for LCR versus neutrophil 9 CRP;

0.0065 for LCR versus monocyte 9 CRP; 0.011 for LCR

versus platelet 9 CRP; and 0.1229 for LCR versus CAR).

In contrast, the AUC value for CAR was not significantly

different from that of neutrophil 9 CRP (P = 0.1387) or

platelet 9 CRP (P = 0.0600) (DeLong test, data not

shown). Subsequent analyses were focused on LCR and

CAR, with optimal cut-offs for DFS of 12,980 for LCR and

0.02558 for CAR. Under these cut-offs, the sensitivity and

specificity of LCR were 58.2% and 53.7%, respectively for

predicting DFS, and 69.1% and 53.7%, respectively, for

predicting OS. Likewise, the sensitivity and specificity of

CAR were 64.0% and 46.8%, respectively, for predicting

DFS, and 72.7% and 46.7%, respectively, for predicting

OS (Figs. 1, 2).
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FIG. 1 Receiver operating characteristic curve analysis to evaluate the predictive value of 16 inflammatory biomarkers for disease-free survival

(DFS). Five inflammatory biomarkers were predictive for DFS
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Correlation Between Clinicopathological Factors

and LCR or CAR

Table 3 summarizes the association between clinico-

pathological factors and LCR or CAR. High LCR

([ 12,980) and low CAR (B 0.02558) were significantly

associated with younger age, female sex, lower CEA levels

(\ 5), less undifferentiated histology, reduced pT4 rates,

and higher percentage of lymph node metastasis and

adjuvant chemotherapy. LCR and CAR were also signifi-

cantly associated with each other.

Relationship Between LCR or CAR and Survival

Kaplan–Meier survival curves according to LCR or CAR

status are summarized in Fig. 4. Patients with low LCR

(B 12,980) had significantly worse OS (Fig. 4a; P\0.0001)

and DFS (Fig. 4b; P = 0.0011) than patients with high LCR

([12,980). Patients with high CAR ([0.02558) had signifi-

cantly worse OS (Fig. 4c; P\0.0001) and DFS (Fig. 4d;

P = 0.0045) than patients with low CAR (B 0.02558). The

univariate and multivariate analyses for the clinicopathological

factors, including LCR and survival, are summarized in
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FIG. 2 Receiver operating characteristic curve analysis to evaluate

the predictive value of 16 inflammatory biomarkers for overall

survival (OS). Nine biomarkers were predictive of OS, including the

five inflammatory biomarkers that were predictive for disease-free

survival and four others. Lymphocyte-to-C-reactive protein ratio

(LCR) had the highest area under the curve value
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Table 4. Age, male sex, pathology (poorly differentiated or

mucinous adenocarcinoma), pT4, lymph node metastasis,

lymphovascular invasion, and low LCR (B 12,980) were

associated with OS on univariate analysis. Age, male sex,

pathology (poorly differentiated or mucinous adenocarci-

noma), pT4, lymph node metastasis, lymphovascular invasion,

no adjuvant chemotherapy, and low LCR (HR, 1.77; 95% CI,

1.23–2.60; P = 0.002) were independent predictors of worse

OS on multivariate analysis. On univariate analysis, worse DFS

was associated with male sex, pathology (poorly differentiated

or mucinous adenocarcinoma), pT4, lymph node metastasis,

lymphovascular invasion, number of lymph nodes

retrieved\12, and low LCR. On multivariate analysis, male

sex, pT4, lymph node metastasis, no adjuvant chemotherapy,

and low LCR (HR, 1.29; 95% CI, 1.00–1.66; P = 0.048) were

independent predictors of worse DFS. High CAR ([0.02558)

was also an independent predictor of worse OS on multivariate

analysis (HR, 1.80; 95% CI, 1.24–2.68; P = 0.002), but CAR

was only marginally associated with worse DFS (HR, 1.28;

95% CI, 0.99–1.66; P = 0.0576) (data not shown).

DISCUSSION

We compared the prognostic value of 16 systemic

inflammatory biomarkers, including six existing inflam-

matory biomarkers, in 1303 patients with stage II or III

colon cancer. Although we showed that nine inflammatory

biomarkers were predictive for OS, only five were pre-

dictive for both OS and DFS. LCR had the highest

accuracy to predict OS and was the only biomarker that

was an independent predictor of both OS and DFS. To the

best of the authors’ knowledge, this is the largest study to

TABLE 3 Relationship between clinicopathological factors and LCR ratio or CAR ratio

Low LCR

(n = 636)

High LCR

(n = 667)

P value Low CAR

(n = 582)

High CAR

(n = 721)

P value

Age 66 (26–93) 63 (28–93) \ 0.0001 63 (28–93) 66 (26–93) \ 0.0001

Sex (male) 366 (57.6%) 323 (48.4%) 0.0011 280 (48.1%) 409 (56.7%) 0.0021

Preoperative CEA (C 5 ng/ll) 221 (34.8%) 171 (25.6%) 0.0004 146 (25.1%) 246 (34.1%) 0.0004

Location (right sided) 254 (39.9%) 254 (38.1%) 0.4960 214 (36.8%) 294 (40.8%) 0.1532

Pathology (poor, mucinous) 60 (9.4%) 30 (4.5%) 0.0004 27 (4.6%) 63 (8.7%) 0.0041

T category (pT4) 180 (28.3%) 130 (19.5%) 0.0002 118 (20.3%) 192 (26.6%) 0.0074

Lymph node metastasis (present) 283 (44.5%) 369 (55.3%) 0.0001 327 (56.2%) 325 (45.1%) \ 0.0001

Lymphovascular invasion (present) 249 (39.2%) 289 (43.3%) 0.1290 263 (45.2%) 275 (38.1%) 0.0109

Number of lymph nodes retrieved

(\ 12)

26 (4.09%) 19 (2.85%) 0.5624 17 (2.9%) 28 (3.9%) 0.3643

Adjuvant chemotherapy (yes) 247 (38.8%) 354 (53.1%) \ 0.0001 309 (53.1%) 292 (40.5%) \ 0.0001

Low LCR (B 12,980) 50 (8.6%) 586 (81.3%) \ 0.0001

High CAR ([ 0.02558) 586 (92.1%) 135 (20.2%) \ 0.0001

Bold values indicate P\ 0.05

CEA carcinoembryonic antigen, poor, mucinous poorly differentiated or mucinous adenocarcinoma, LCR lymphocyte-to-C-reactive protein ratio,

CAR C-reactive protein-to-albumin ratio
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FIG. 3 Comparison of receiver operating characteristic curve (ROC)

analysis for overall survival (OS). Among five inflammatory

biomarkers predictive for disease-free survival (DFS), the area

under the curve value for lymphocyte-to-C-reactive protein ratio

(LCR; yellow) was significantly higher than that for other

inflammatory biomarkers (all in blue), except C-reactive protein

(CRP)-to albumin ratio (CAR)
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comprehensively compare the prognostic value of various

inflammatory biomarkers, including previously published

and new inflammatory biomarkers.

Systemic inflammation plays a crucial role in promoting

cancer progression.17 Proinflammatory cytokines, such as

tumor necrosis factor (TNF)-a and interleukin (IL)-1, IL-6,

and IL-8, are upregulated as part of the inflammatory

response. These cytokines activate intracellular pathways,

such as those mediated by nuclear factor kappa-light-chain-

enhancer of activated B cells (NF-jB), and modulate cellular

proliferation and angiogenesis.5 IL-6 induces synthesis of

acute-phase proteins, including CRP, and decreases albumin

production in the liver.20 Platelet counts may be elevated in

response to proinflammatory cytokines, and they are also

considered to regulate tumor angiogenesis by releasing vas-

cular endothelial growth factor.21 Proinflammatory cytokines

also mediate recruitment of circulating myeloid cells to the

tumor, and CD8? T-cells are decreased due to direct or

indirect immunosuppression by intratumor myeloid cells.22

Thus, systemic inflammation is typically characterized by an

increase in circulating neutrophils and monocytes and a

decrease in circulating lymphocytes.23

Many previous studies have shown that systemic

inflammatory biomarkers are independent prognostic fac-

tors in colorectal cancer. However, some studies focused

solely on patients with stage IV cancer,15,24–27 while others

included patients with stage I or stage IV cancer.6,11,13,28–31

There are few studies focusing on serum inflammatory

biomarkers in patients with stage II/III colon cancer. We

included only patients with stage II or III colon cancer,

because accurate prediction of prognosis in this cohort

might help to guide the decision regarding whether to use

adjuvant chemotherapy and determine whether strict fol-

low-up is necessary. Furthermore, the treatment strategy

for stage IV colon cancer is more complicated than that for

stage II/III colon cancer, and the incidence of recurrence is

much higher, indicating the need to consider stage IV colon

cancer patients separately. In this study, we showed that

NLR, LMR, and PNI were predictive for OS but not DFS.

Our results are different from those in the previous study

by Li et al., which identified NLR and LMR as independent

predictors of DFS in 5336 stage I–III colorectal cancer

patients.28 This difference could be due to our exclusion of

patients with stage I cancer, or a much higher 5-year DFS

in the present study (79.3% vs 56.0%). Tokunaga et al.

reported that PNI was an independent predictor of both OS

and relapse-free survival in 468 stage I–III patients, but

those authors did not analyze adjuvant chemotherapy as a

covariate in the multivariate analysis.31

Our study shows that five inflammatory biomarkers,

including CAR and LCR, were predictive for both OS and

DFS. It is worth noting that CRP was part of all five of

these biomarkers. Our results suggest that CRP is a key

predictive factor for OS and DFS among patients with

stage II/III colon cancer, and that, among patients with

stage II/III colon cancer, inflammatory biomarkers
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incorporating CRP (CRP 9 neutrophil, CRP 9 monocyte,

or CRP 9 platelet) might be more useful predictors than

the well-studied, existing biomarkers, such as NLR, LMR,

PLR, and PNI. Our study also shows that, among the 16

systemic inflammatory biomarkers, LCR had the highest

AUC value for predicting OS, and only LCR was an

independent predictor for both OS and DFS. LCR is a

relatively new inflammatory biomarker reported by Oku-

gawa et al.18 In that study, the authors compared nine

inflammatory biomarkers in a discovery cohort of 373

patients with stage I–IV colorectal cancer, and showed that

LCR was the most useful predictor of OS and DFS.18

Although their cut-off value of LCR (6000) was different

from the one used in the present study (12,980)—poten-

tially explained by differences in patient inclusion criteria

(stage I and IV colorectal cancer and rectal cancer)—our

data also suggest that LCR is the most sensitive inflam-

matory biomarker in a cohort of stage II/III colon cancer.

There are several limitations to this study. First, it was a

retrospective, single-institutional study. So, it may have been

subject to selection bias. However, few of our records were

missing biomarker data, which might be a strength of this

study. Second, we did not investigate the association of sys-

temic inflammatory biomarkers with pathological findings,

such as tumor infiltrating neutrophils, lymphocytes, mono-

cytes, etc. Third, we did not validate the prediction model

using external data, and we therefore need to check our

prediction model against external data in the future. Finally,

we have no data pertaining to perineural invasion32 or bud-

ding.33 These factors are reported to be associated with worse

prognosis in colorectal cancer, and their inclusion as a factor

might improve the baseline prediction model.

In conclusion, the results of the present study show that,

among the 16 systemic inflammatory biomarkers, LCR

could be used to predict OS and DFS in patients with stage

II and III colon cancer.
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TABLE 4 Univariate and multivariate analysis using clinicopathological factors for overall survival and disease-free survival

Overall survival Disease-free survival

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

P value HR 95% CI P value HR 95% CI P value HR 95% CI P value HR 95% CI

Age (/10 years) \ 0.0001 1.38 1.18–1.61 0.0025 1.28 1.09–1.51 0.2448 1.06 0.96–1.17 0.7886 1.01 0.91–1.13

Sex (male) 0.0060 1.61 1.15–2.30 0.0054 1.65 1.16–2.38 0.0042 1.42 1.12–1.81 0.0042 1.43 1.12–1.84

Preoperative CEA

(C 5 ng/ll)

0.2828 1.22 0.85–1.72 0.8702 1.03 0.71–1.47 0.1039 1.23 0.96–1.58 0.4353 1.11 0.85–1.43

Location (right sided) 0.3576 1.17 0.83–1.64 0.9815 1.00 0.69–1.43 0.3236 1.13 0.89–1.43 0.3386 1.13 0.88–1.46

Pathology (poor,

mucinous)

\ 0.0001 3.47 2.18–5.30 0.0001 2.67 1.65–4.16 0.0110 1.73 1.14–2.50 0.0887 1.44 0.94–2.13

T category (pT4) \ 0.0001 2.59 1.84–3.62 0.0001 2.08 1.44–2.99 \ 0.0001 2.19 1.71–2.79 \ 0.0001 1.94 1.49–2.52

Lymph node

metastasis

(present)

0.0016 1.73 1.23–2.45 0.0003 2.21 1.45–3.39 0.0014 1.48 1.16–1.88 0.0008 1.69 1.24–2.30

Lymphovascular

invasion (present)

\ 0.0001 2.09 1.49–2.94 0.0011 1.80 1.26–2.58 0.0036 1.42 1.12–1.80 0.1532 1.20 0.93–1.54

Number of lymph

nodes retrieved

(\ 12)

0.1020 1.85 0.87–3.43 0.3003 1.47 0.68–2.79 0.0160 1.94 1.14–3.07 0.0531 1.70 0.99–2.74

Adjuvant

chemotherapy

(yes)

0.5626 0.91 0.65–1.26 0.0044 0.53 0.34–0.82 0.6114 1.06 0.84–1.35 0.0154 0.68 0.49–0.93

LCR (low) \ 0.0001 2.32 1.63–3.36 0.0022 1.77 1.23–2.60 0.0011 1.49 1.17–1.89 0.0479 1.29 1.00–1.66

Bold values indicate P\ 0.05

CEA carcinoembryonic antigen, poor mucinous poorly differentiated or mucinous adenocarcinoma, LCR lymphocyte-to-C-reactive protein ratio,

HR hazard ratio, CI confidence interval
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