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Background: The inflammatory indexes are attracting increasing attention as a prognostic 
predictor for colorectal cancer (CRC). However, the prognostic value of the preoperative 
lymphocyte-to-C-reactive protein ratio (LCR) in patients with non-metastatic CRC remains 
to be established.
Methods: A total of 955 patients from 2010 to 2014 at a single center were included. 
Receiver operating characteristic curves (ROC) were generated to define the optimal cutoff 
value of the inflammatory indexes, and the areas under the curve (AUC) were calculated to 
compare the predictive value among the inflammatory indexes. The Fine and Gray compet-
ing risk regression model and Cox proportional hazard model were used to determine the 
prognostic factors for cancer-specific survival (CSS) and overall survival (OS) by using sub- 
distribution hazard ratio (SHR) and hazard ratio (HR) as size effects, respectively.
Results: A ratio of 6500 was defined as the optimal cutoff value for LCR for dividing CRC 
patients into the high (> 6500, n = 528) and low (≤ 6500, n = 427) LCR groups. The LCR 
had the highest value of prognostic prediction among all inflammation-based scores. Low 
LCR was significant correlated with several clinicopathological features of tumor invasion 
and development. The patients with low LCR had poorer CSS and OS as compared to those 
with high LCR. Multivariate analyses showed that low LCR was independently associated 
with worse OS (HR = 0.61, 95% CI: 0.53–0.70) and CSS (SHR = 0.55, 95% CI: 0.43–0.71).
Conclusion: Preoperative LCR can be a useful biomarker for prognostic prediction in non- 
metastatic CRC patients with a better predictive value than other inflammatory indexes.
Keywords: lymphocyte-to-C-reactive protein ratio, colorectal cancer, prognosis, competing 
risk model

Introduction
Globally, colorectal cancer (CRC) accounts for about 10% of all newly diagnosed 
malignancies and cancer-related deaths per year.1 According to the reports from the 
International Agency for Research on Cancer in 2018, CRC contributed to approxi-
mately 1.8 million new cases and 900,000 deaths, making it the third most frequent 
cancer and the second leading cause of cancer deaths worldwide.2 While CRC 
incidence keeps stable at high levels or even begins to decline in some affluent 
Western countries, incidence rates continue to increase strongly with economic 
development in other countries, which may probably due to population growth, 
demographic aging, and unfavorable trends in major risk factors such as physical 
inactivity, overweight, obesity, and Western dietary habits.3
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At present, curative-intent treatment for CRC, especially 
the early stage, is still predominantly surgical resection. 
Despite recent advances in diagnostic techniques and com-
prehensive therapy, more than half of CRC patients are 
diagnosed at an advanced stage, and recurrence or distant 
metastasis remains the main cause of poor prognosis.4 Until 
now, the most common prognostic factor for CRC is the 
Tumor-Node-Metastasis (TNM) staging system. However, 
each patient and tumor is unique. Heterogeneity in survival 
outcomes has been observed among the patients with the 
same stage, indicating that the accuracy level of the TNM 
staging system is still controversial.5 Given that patients 
with a high risk of poor prognosis have to undergo additional 
treatments, more precise predictors should be developed to 
supplement the current staging system and improve thera-
peutic decisions.

The interaction between systematic inflammation and 
the local immune response has been shown to promote the 
development and progression of CRC.6 The severity of 
cancer-related inflammation is determined by the levels 
of several serum components, including neutrophils, lym-
phocytes, platelets, and acute-phase proteins such as 
C-reactive protein (CRP).7,8 Accumulating evidence have 
suggested that the combinations of these systematic 
inflammatory parameters, such as neutrophil-to- 
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio 
(PLR), and lymphocyte-to-monocyte ratio (LMR), can 
provide prognostic information in some malignancies, 
including CRC.9,10 Recently, another alternative composite 
inflammatory index, lymphocyte-to-C-reactive protein 
(LCR), represented as a combination of circulating lym-
phocyte and C-reactive protein counts, has been gained 
notable attention as a prognostic factor in gastric cancer, 
rectal cancer, and cholangiocarcinoma.11–13 However, the 
prognostic potential of LCR has not been explored for 
patients with non-metastatic CRC. Moreover, it remains 
unclear which combination of inflammatory markers might 
be best in predicting survival outcome in patients with 
CRC. This study aimed to investigate the prognostic sig-
nificance of LCR in patients with non-metastatic cancer 
and determine whether it was better than other inflamma-
tory indexes.

Patients and Methods
Study Population
Our study enrolled 955 patients with non-metastatic CRC 
(Stage I-III) who underwent laparoscopic resection at the 

Affiliated Hospital of Guangdong Medical University from 
January 2010 to December 2014. The inclusion criteria 
were defined as follows: (1) histology confirmed newly 
diagnosed adenocarcinoma; (2) age older than 18 years; 
(3) without previous anticancer treatment or surgery; (4) 
available clinical information and blood test data; (5) 
complete follow-up data. Patients were excluded if they 
had another malignancy, end-stage liver disease, or 
chronic inflammatory disease including autoimmune dis-
order and infection. This study was approved by the Ethics 
Committee of the Affiliated Hospital of Guangdong 
Medical University and was conducted in accordance 
with the Declaration of Helsinki. Because this study was 
retrospectively designed, written informed consent was 
waived, but patients’ confidentiality was protected by the 
research institution and the researchers.

Data Collection
The following information was extracted from electronic 
medical records: sex, age at diagnosis, tumor site, histolo-
gical differentiation, clinical stage, pT stage, pN stage, and 
maximum tumor diameter. The laboratory test results 
obtained from the same blood samples were collected 
within 1 week before surgery, including lymphocyte, neu-
trophil, platelet, monocyte, CRP, and carcinoembryonic 
antigen (CEA). The inflammatory indexes were calculated 
as following: (1) LCR = lymphocyte count (number/L)/ 
CRP (mg/L); (2) NLR = neutrophil count (number/L)/ 
lymphocyte count (number/L); (3) PLR = platelet count 
(number/L)/lymphocyte count (number/L); and (4) LMR = 
lymphocyte count (number/L)/monocyte count (number/ 
L). The upper level of serum CEA was 5 ng/mL. Tumors 
were staged according to the 8th edition of the American 
Joint Committee on Cancer (AJCC) guidelines.

Treatment
All patients were treated with laparoscopic surgery with 
standard curative resection. Patients with Stages II-III 
additionally received adjuvant chemotherapy after surgery, 
including mFOLFOX6 and CAPOX regimens. The regi-
men of mFOLFOX6 consisted of oxaliplatin 85 mg/m2 in 
a 3-h infusion, racemic leucovorin 400 mg/m2 in 
a 2-h infusion, bolus fluorouracil 400 mg/m2 on day 1, 
and a 46-h infusion of fluorouracil 2400 mg/m2, which 
was repeated every 2 weeks for 12 cycles. The CAPOX 
regimen contained oxaliplatin 130 mg/m2 in a 3-h infusion 
on day 1 and capecitabine 1000 mg/m2 twice daily on day 
1–14, which was every 3 weeks for 8 cycles. Dosage 
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adjustments during chemotherapy were conducted if abso-
lute platelet count was lower than 25,000 cells/μL, and 
chemotherapy was discontinued if Grade 4 toxic effects 
developed.

Follow-Up
After all the treatments have been completed, all patients 
were routinely followed up every 3 months for the first 3 
years, every 6 months for the following 3 years, and 
annually thereafter. Patients’ follow-up was completed up 
to December 31, 2019. The median follow-up period was 
44 months with a range from 2 to 83 months. The primary 
endpoint of this study was cancer-specific survival (CSS), 
which was measured from the date of surgery to death due 
to CRC in the absence of other causes. The secondary 
endpoint was overall survival (OS), which was defined as 
the time from surgery until the date of death from any 
cause.

Statistics
The optimal cutoff values of inflammatory indexes in 
this study were determined through receiver character-
istic (ROC) curve analyses using the primary endpoint 
of OS and CSS to avoid a predetermined cutoff point. 
The best cutoff value of LCR was defined as 6500 
because it was related to the maximum Youden index 
(sensitivity + specificity - 1), and all patients were 
divided into either high or low LCR groups accordingly. 
Similarly, the most appropriate cutoff values for NLR, 
PLR, and LMR were 3.68, 175, and 4.15, respectively, 
to classify the patients into high or low risk subsets. The 
DeLong and bootstrap tests were applied to compare the 
area under the curve (AUC) between LCR and other 
inflammatory indexes.14

Categoric variables were compared using the χ2 test 
or Fisher’s exact test. In the presence of competing 
events, we treated the non-cancer specific death and 
death before tumor progression as competing events 
for CSS. The impact of LCR on CSS was measured 
by the cumulative incidence function (CIF) of the com-
peting risk model, and the equality in the CIFs across 
groups was determined by the Gray’s test. In order to 
identify the variables associated with CSS, univariate 
and multivariate analyses were performed in sequence 
by the Fine and Gray proportional sub-distribution 
hazard model, of which sub-distribution HRs (SHR) 
and 95% confidence intervals (CIs) were calculated.15 

The survival curve was estimated through the Kaplan- 

Meier (KM) method to explore the effect of LCR on 
OS, and the between-group difference was determined 
by the Log rank test. The parameters associated with OS 
were identified by the Cox proportional hazards regres-
sion model for univariate and multivariate survival ana-
lyses, in which size effects were reported by hazard 
ratios (HRs) and 95% CIs. All the statistical analyses 
were performed with R software version 3.5.3. All tests 
were two-sided with P values less than 0.05 regarded as 
statistically significant.

Results
Patient Characteristics
Baseline and clinical characteristics of the enrolled 
patients are summarized in Table 1. A total of 955 
patients were included in this study, of which the med-
ian age was 65 years old with a range from 18 to 85 
years old and 540 cases (56.54%) were males. Most 
patients had tumor located in colon (n = 695, 72.77%) 
and showed well or moderate differentiation (n = 759, 
79.48%). Among the patients, 333 cases had Stage II 
malignancy (34.87%), 566 cases were classified as T3 
(59.27%), and 395 cases had no lymph nodal involve-
ment (41.36%). The maximum tumor diameter ranged 
from 10 to 110 mm with a median value of 55 mm. 
Approximate two-thirds of patients had negative serum 
CEA levels (< 5 ng/mL).

Prognostic Value of LCR as Compared to 
Other Inflammatory Indexes
To compare the predictive value of LCR with other inflam-
matory indexes for prognosis, we calculated the AUCs of 
the ROC curves for all inflammatory indexes (Table 2). 
For OS, the LCR had the higher AUC value (0.748) as 
compared to NLR (AUC = 0.675, P = 0.032), PLR (AUC 
= 0.666, P = 0.018), and LMR (AUC = 0.650, P = 0.004). 
With respect to CSS, the AUC of LCR (0.750) was also 
superior to NLR (AUC = 0.680, P = 0.039), PLR (AUC = 
0.672, P = 0.024), and LMR (AUC = 0.659, P = 0.004).

Correlation Between LCR and 
Clinicopathological Features
A total of 528 and 427 patients were classified into the high 
(> 6500) and low (≤ 6500) LCR group, respectively, accord-
ing to the optimal cutoff value of LCR. As shown in Table 1, 
the low LCR level was significantly associated with poor 
clinical characteristics, such as worse histological 
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differentiation (P < 0.001), advanced tumor stage (P < 
0.001), advanced T stage (P = 0.018), positive lymph node 
metastasis (P = 0.011), larger tumor diameter (P = 0.004). 

Moreover, the patients with decreased LCR had significantly 
older age (P = 0.002), higher NLR (P < 0.001), higher PLR 
(P = 0.005), and lower LMR (P = 0.013).

Table 1 Clinicopathological Features of the Included Patients

Patients Features Total (n = 955) Low LCR (n = 427) High LCR (n = 528) P

Sex 0.550
Male 540 (56.54%) 246 (57.61%) 294 (55.68%)

Female 415 (43.46%) 181 (42.39%) 234 (44.32%)

Age (years) 0.002

≤ 65 (median) 469 (49.11%) 186 (43.56%) 283 (53.60%)
> 65 486 (50.89%) 241 (56.44%) 245 (46.40%)

Tumor site 0.855
Colon 695 (72.77%) 312 (73.07%) 383 (72.54%)

Rectum 260 (27.23%) 115 (26.93%) 145 (27.46%)

Histological differentiation < 0.001

Well/moderate 759 (79.48%) 302 (70.73%) 457 (86.55%)

Poor/undifferentiated 196 (20.52%) 125 (29.27%) 71 (13.45%)

AJCC 8th stage < 0.001

I 320 (33.51%) 114 (26.70%) 206 (39.02%)
II 333 (34.87%) 160 (37.47%) 173 (32.77%)

III 302 (31.62%) 153 (35.83%) 149 (28.21%)

pT stage 0.018

T1 112 (11.73%) 41 (9.60%) 71 (13.45%)

T2 158 (16.54%) 58 (13.58%) 100 (18.94%)
T3 566 (59.27%) 269 (63.00%) 297 (56.25%)

T4 119 (12.46%) 59 (13.82%) 60 (11.36%)

pN stage 0.011

N0 395 (41.36%) 154 (36.07%) 241 (45.64%)

N1 337 (35.29%) 162 (37.94%) 175 (33.14%)
N2 223 (23.35%) 111 (26.99%) 112 (21.22%)

Tumor diameter (median, mm) 0.004
≤ 55 470 (49.21%) 188 (44.03%) 282 (53.41%)

> 55 485 (50.79%) 239 (55.97%) 246 (46.59%)

CEA (ng/mL) 0.264

≤ 5 649 (67.06%) 282 (66.04%) 367 (62.38%)

> 5 306 (32.04%) 145 (33.96%) 161 (37.62%)

NLR < 0.001

≤ 3.68 611 (63.98%) 245 (57.38%) 366 (69.32%)
> 3.68 344 (36.02%) 182 (42.62%) 162 (30.68%)

PLR 0.005
≤ 175 496 (51.94%) 200 (46.84%) 296 (56.06%)

> 175 459 (48.06%) 227 (53.16%) 232 (43.94%)

LMR 0.013

≤ 4.15 573 (60.00%) 275 (64.40%) 298 (56.44%)
> 4.15 382 (40.00%) 152 (35.60%) 230 (43.56%)

Abbreviations: CEA, carcinoembryonic antigen; LCR, lymphocyte-to-C-reactive protein ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; 
LMR, lymphocyte-to-monocyte ratio.
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Correlation Between LCR and Prognosis
The 5-year OS and CSS of the whole cohort were 76.5% 
and 80.8%, respectively. The 5-year OS and CSS of the 
high LCR group versus the low LCR group were 80.4% vs 
72.0% (P = 0.003, Figure 1A), and 82.9% vs 78.7 (P = 
0.027, Figure 1A), respectively.

The results of the univariate and multivariate analyses 
concerning the survival outcomes of OS and CSS are 
shown in Tables 3 and 4, respectively. Univariate analyses 
suggested that patients in the low LCR group had worse 
OS (HR = 0.53, 95% CI: 0.47–0.61, P < 0.001; Table 3) 
and CSS (SHR = 0.48, 95% CI: 0.35–0.62, P < 0.001; 
Table 4). Moreover, after adjusted by the confounding 
factors with statistical significance in the univariate ana-
lyses, including age, histological differentiation, T stage, 
N stage, serum CEA, NLR, PLR, and LMR, multivariate 
analyses indicated that the LCR was an independent prog-
nostic factor for OS (HR = 0.61, 95% CI: 0.53–0.70, P < 
0.001; Table 3) and CSS (SHR = 0.55, 95% CI: 0.43–0.71, 
P < 0.001; Table 4).

Discussion
Various types of systematic inflammatory indexes have 
been frequently used to be prognostic factors in solid 
tumors.16 However, the optimal choice of the composite 
indexes based on the peripheral blood examination for 
predicting the long-term survival outcome in CRC patients 
remains uncertain. In this study, we validated the prognos-
tic values of various combinations of systematic inflam-
matory parameters in patients with non-metastatic CRC, 
and obtained the following important findings: 1) non- 
metastatic CRC patients with decreased preoperative 
LCR level had poor prognosis in terms of OS and 
CSS; 2) LCR had a superior accuracy in the prognostic 
prediction as compared with other composite inflammatory 
parameters; and 3) a low level of LCR was prominent 
among patients with tumor progression, suggesting that 
these patients would be probably to benefit more from 
preoperative LCR measurement for clinical-decision mak-
ing. Therefore, we believed that preoperative LCR can be 
served as a useful and effective index for the algorithm 

Table 2 Comparison of the AUC Between the LCR and Other Systematic Inflammatory Factors

Inflammatory Indexes OS CSS

AUC 95% CI P* AUC 95% CI P*

LCR 0.748 0.699-0.797 – 0.750 0.701-0.799 –

NLR 0.675 0.630-0.720 0.032 0.680 0.635-0.725 0.039
PLR 0.666 0.619-0.713 0.018 0.672 0.625-0.719 0.024

LMR 0.650 0.605-0.695 0.004 0.659 0.614-0.704 0.004

Note: *P represents the comparisons of AUC values between the LCR and other inflammatory factors using the Z test. 
Abbreviations: OS, overall survival; CSS, cancer-specific survival; AUC, area under the curve; CI, confidence interval; LCR, lymphocyte-to-C-reactive protein ratio; NLR, 
neutrophil-to-lymphocyte ration; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio.

Figure 1 Cumulative incidence of all-cause death (A) and cancer-specific death (B) in nonmetastatic colorectal cancer patients with preoperative lymphocyte-to-C-reactive 
protein ratio ≤ 6500 or > 6500. We defined the all-cause death as the targeted event for overall survival and cancer-specific death for cancer-specific survival. The Kaplan- 
Meier method was used to generate the cumulative incidence of all-cause death, while the cumulative incidence function considering the competing events was used to 
obtain the cumulative incidence of cancer-specific death.
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Table 3 Univariate and Multivariate Analyses of Overall Survival by Cox Proportion Hazard Regression

Variables Univariate Analysis Multivariate Analysis

HR 95% CI P HR 95% CI P

Sex

Male Reference
Female 0.94 0.70-1.27 0.699

Age (years)
≤ 65 (median) Reference Reference

> 65 1.57 1.16-2.11 0.003 1.31 1.06-1.64 0.015

Tumor site

Colon Reference

Rectum 0.91 0.65-1.28 0.590

Histological differentiation

Well/moderate Reference Reference
Poor/undifferentiated 1.71 1.24-2.34 0.001 1.41 1.03-1.92 0.038

pT stage
T1 Reference Reference

T2 1.34 1.10-1.88 0.023 1.18 1.05-1.40 0.032

T3 1.79 1.35-2.41 0.006 1.48 1.16-1.87 0.010
T4 2.36 1.87-2.96 < 0.001 2.12 1.78-2.59 < 0.001

pN stage

N0 Reference Reference

N1 1.71 1.28-2.32 0.005 1.61 1.42-1.87 < 0.001
N2 2.28 1.64-2.90 < 0.001 2.13 1.47-3.10 < 0.001

Tumor diameter (mm)
≤ 55 Reference

> 55 1.24 0.83-1.87 0.301

CEA (ng/mL)

≤ 5 Reference Reference

> 5 1.82 1.32-2.49 < 0.001 1.39 1.27-1.51 < 0.001

NLR

≤ 3.68 Reference
> 3.68 1.54 1.06-2.26 0.025

PLR
≤ 175 Reference

> 175 1.40 1.22-1.60 < 0.001

LMR

≤ 4.15 Reference

> 4.15 0.84 0.74-0.94 0.030

LCR

≤ 6500 Reference Reference
> 6500 0.53 0.47-0.61 < 0.001 0.61 0.53-0.70 < 0.001

Abbreviations: HR, hazard ratio; CI, confidence interval; CEA, carcinoembryonic antigen; LCR, lymphocyte-to-C-reactive protein ratio; NLR, neutrophil-to-lymphocyte 
ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio.
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Table 4 Univariate and Multivariate Analyses of Cancer-Specific Survival by Fine and Gray Proportional Sub-Distribution Hazard 
Model

Variables Univariate Analysis Multivariate Analysis

SHR 95% CI P SHR 95% CI P

Sex
Male Reference

Female 1.00 0.70-1.42 0.992

Age (years)

≤ 65 (median) Reference Reference

> 65 1.48 1.24-1.91 0.008 1.41 1.23-1.62 < 0.001

Tumor site

Colon Reference
Rectum 0.98 0.66-1.44 0.909

Histological differentiation
Well/moderate Reference

Poor/undifferentiated 1.63 1.12-2.37 0.011

pT stage

T1 Reference Reference

T2 1.49 1.17-1.93 0.017 1.32 1.11-1.55 0.031
T3 1.98 1.44-2.51 < 0.001 1.45 1.26-1.69 0.002

T4 2.57 1.83-3.35 < 0.001 2.01 1.70-2.33 < 0.001

pN stage

N0 Reference Reference
N1 1.81 1.35-2.40 0.001 1.43 1.24-1.65 < 0.001

N2 2.44 1.79-3.12 < 0.001 1.89 1.63-2.16 < 0.001

Tumor diameter (mm)

≤ 55 Reference

> 55 1.06 0.98-1.16 0.152

CEA

≤ 5 Reference Reference
> 5 1.40 1.22-1.60 < 0.001 1.35 1.18-1.54 < 0.001

NLR
≤ 3.68 Reference

> 3.68 1.73 1.36-2.26 < 0.001

PLR

≤ 175 Reference

> 175 1.55 1.34-1.80 < 0.001

LMR

≤ 4.15 Reference
> 4.15 0.77 0.66-0.89 < 0.001

LCR
≤ 6500 Reference Reference

> 6500 0.48 0.35-0.62 < 0.001 0.55 0.43-0.71 < 0.001

Abbreviations: SHR, sub-distribution hazard ratio; CI, confidence interval; CEA, carcinoembryonic antigen; LCR, lymphocyte-to-C-reactive protein ratio; NLR, neutrophil- 
to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio.
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concerning the prognostic significance in patients with 
non-metastatic CRC.

Projection of postoperative prognosis in CRC patients is 
critical for decision-making of clinical treatment. In this 
regard, biomarkers that reflect the patients’ inflammation 
status have attracted considerable attention. CRP is 
a representative acute-phase protein whose level rapidly 
increases in response to the inflammation status.17 In clinical 
practice, CRP has been a definitive marker to evaluate the 
inflammation status in vivo. Tumor growth or invasion trig-
gers the inflammatory response of the surrounding tissue and 
further promotes the release of pro-inflammatory cytokines, 
such as IL-6, resulting in an increased production of CRP.18 

Therefore, cancer patients, including those with CRC, often 
have an elevated CRP level. In fact, previous studies have 
revealed that preoperative CRP might be a prognostic indi-
cator in patients with CRC.19 Lymphocytes are a pivotal 
player in the tumor microenvironment, of which the sub-
types, including CD3+ T cells, CD8+ T cells, Th1 CD4+ 

T cells, and natural killer cells, are essential to the anti- 
cancer activity.20 A high level of tumor-infiltrating lympho-
cytes surrounding the primary tumor site has been reported to 
be strongly associated with a favorable prognosis in CRC.21 

Lymphopenia has been found in many human malignancies 
and is often correlated to disease severity, immunosuppres-
sion status, and poor survival outcome.22 Therefore, low 
LCR, caused by a decreased lymphocyte count and increased 
CRP level, denotes that the immunological response has been 
impaired and the tumor microenvironment is skewed to 
a pro-tumor inflammatory status, leading to tumor progres-
sion and worse prognosis.

As LCR can be measured quickly, noninvasively, and 
inexpensively, it is frequently used in clinical settings, 
which allows us to take advantage of our current understand-
ings of the systematic inflammatory response in cancer 
patients. This has some profound implications for clinical 
practice. Firstly, the incorporation of the LCR into routine 
assessment may help to guide long-term prognosis. 
Secondly, the routine use of preoperative LCR may also 
guide the postoperative therapeutic strategies by targeting 
the systematic inflammatory response itself. Indeed, it is 
well known that cancer-associated systematic inflammation 
can cause many consequences and may finally lead to 
chronic cancer-related wasting, cachexia.23 However, this 
process can be attenuated using nonsteroidal anti- 
inflammatory drugs.24 Thus, incorporating LCR into the 
management of cancer patients may be conducive to improve 
the prognosis. For instance, among CRC patients with Stage 

III, those with a low level of preoperative LCR may benefit 
from concurrent chemoradiotherapy alone, whereas those 
with increased LCR may benefit from the addition of anti- 
inflammatory agents.25,26 However, it is necessary to vali-
dated by prospective studies with the incorporation of both 
routine assessments of the systematic inflammatory response 
and use of anti-inflammatory agents.

Except for LCR, independent factors associated with 
poor prognosis in patients with non-metastatic CRC 
included age, histological differentiation, T stage, 
N stage, and serum CEA level according to the multi-
variate analysis. First, older patients had worse survival 
outcomes than younger patients, which might be probably 
attributed to the higher risk of perioperative comorbidities 
in older patients.27 Second, worse histological differentia-
tion was related to poor prognosis, which can be a useful 
supplement of the current TNM staging system. Third, the 
magnitude of poor prognosis was consistent with the 
changes in T stage and N stage, which are the primary 
components of the TNM staging system. Finally, patients 
with high CEA level represented unfavorable prognosis 
during the follow-up period, indicating that preoperative 
CEA measurement should be incorporated into the com-
prehensive assessment to identify patients with a high risk 
of cancer-related death.28

Previous reports by Suzuki et al showed that LCR 
might be most useful to predict OS and disease-free survi-
val in patients with stage II and III colon cancer among the 
16 systematic inflammatory biomarkers, including NLR, 
PLR, and LMR.29 Similarly, several researchers demon-
strated that the LCR was the most reliable prognostic 
indicator as compared to other inflammatory indexes in 
patients with gastric cancer and renal cell cancer.11,12 The 
present study also found that the operative LCR had the 
strongest discriminative ability in assessing the survival 
outcome of non-metastatic CRC and might complement 
the existing AJCC staging system to a certain degree.

Some limitations of this study should be acknowl-
edged. First, although this study contained a relatively 
large cohort, it was retrospectively designed, of which 
the data were retracted from medical records and lacked 
consistent clinical data collection and record-keeping. 
Second, the cutoff value of LCR needs to be further 
validated. Third, because the LCR may have changed 
during treatment, whether this alternation can predict 
oncological outcomes is still unknown. Fifth, some ther-
apeutic factors, such as the efficacy of chemotherapy and 
postoperative adverse reactions, might affect the 
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prognosis; however, we were unable to analyze the effect 
of LCR on these outcomes due to insufficient information. 
Finally, with all patients included in this study were from 
a single institution, our results require external validation. 
To overcome these shortcomings, multicenter prospective 
studies are needed.

Conclusion
In conclusion, this study provided novel evidence for the 
prognostic value of LCR in patients with non-metastatic 
CRC. Our study demonstrated that the low level of pre-
operative LCR was significantly associated with poor sur-
vival outcomes, and outperformed other composite 
inflammatory indexes in predictive accuracy. Therefore, 
the preoperative LCR may provide more detailed prognos-
tication and could be used as an effective tool for prog-
nostic assessment in routine clinical settings due to its 
convenience, inexpensiveness, and simpleness. 
Quantification of the preoperative LCR may be helpful 
for patient classification and clinical decision-making on 
further therapy and follow-up strategies for clinicians.
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