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Abstract 

The neutrophil-to-lymphocyte ratio is used to reflect body’s inflammatory status with prognostic value in different 
cancers. We aimed to investigate the influence of preoperative NLR in the prognosis of CRLM patients receiving sur-
gery using meta-analysis. Data in Cochrane Library, PubMed, Embase, and Web of Science databases created before 
October 2022 were recruited. Meta-analysis was carried out with RevMan 5.3 and Stata16 software, and the primary 
outcome indicators included overall survival (OS), and secondary outcome indicators included disease-free survival 
(DFS) and relapse-free survival (RFS). The pooled risk ratio (HR) and 95% confidence interval (CI) for each outcome 
indicator were determined using random-effects models or fixed-effects models. The pooled odds ratio (OR) and 
corresponding 95% confidence intervals (CI) for NLR and clinicopathological characteristics were determined with a 
fixed-effects model. 18 papers published between 2008 and 2022 (3184 patients in total) were included. The pooled 
analysis found that high preoperative NLR was correlated with poor OS (multivariate HR = 1.83, 95% CI = 1.61–2.08, 
p < 0.01), DFS (multivariate HR = 1.78, 95% CI = 1.16–2.71, p < 0.01) and RFS (multivariate HR = 1.46, 95% CI = 1.15–1.85, 
p < 0.01), but NLR was not related to clinicopathological features of CRLM patients correlation. In conclusion, NLR is 
an independent risk factor for poor prognosis in patients with CRLM. More large-scale clinical researches are required 
in the future to demonstrate the inclusion of preoperative NLR as a prognostic indicator for CRLM patients to guide 
postoperative adjuvant chemotherapy.
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Introduction
Colorectal cancer (CRC) is the third most popular malig-
nancy [1]. In China, its incidence and mortality have 
shown a significant increase in the last decade [2]. Liver 
is the most popular site of CRC metastasis since the 
intestinal venous reflux enters liver through the por-
tal vein, and around 50% of CRC patients undergo liver 
metastasis. Of these, 35% CRC patients only have liver 
metastases, and most of them eventually die from colo-
rectal liver metastases (CRLM) [3, 4]. Hepatectomy is a 
potential radical treatment [5]. However, the recurrence 
rate is still more than 70% 5 years after surgery even with 
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effective hepatectomy [6]. Therefore, a responsible prog-
nostic marker is required to determine recurrence at high 
risk and to promote the adjuvant therapy. Several scoring 
systems have been established using multiple indicators, 
including tumor markers, pathological parameters and 
molecular features [7–11]. However, retrospective appli-
cation of these measures with liver resection and patho-
logical specimens is usually expensive and complicated, 
and scoring systems for predicting survival are specific 
for primarily tumor. It is well established that the host 
immune system exerts an important role in cancer pro-
gression. Therefore, inflammatory biomarkers are consid-
ered to be a simple, rapid and economical way to forecast 
the prognosis of metastatic colorectal cancer [12].

Accumulating evidence suggests that systemic inflam-
matory markers, originated from circulating blood leu-
kocytes and acute phase proteins, are related to survival 
in a variety of tumors [13–17]. NLR is a leukocyte-based 
indicator of inflammation with prognostic value in can-
cers like colorectal cancer [15, 18]. It has been shown 
that the high neutrophil status in the blood leads to an 
increase in the secretion of vascular endothelial growth 
factor, playing a pro-angiogenic role in tumor develop-
ment and inducing a precancerous environment [19]. In 
contrast, the relative lymphocytopenia leads to an inad-
equate response of the organism to the tumor [20]. Thus, 
high NLR may lead to stronger disease performance 
and worse outcomes. Whereas, the correlation between 
increased preoperative NLR and survival outcomes in 
CRLM patients is still controversial [12, 21]. This study 
aims to provide evidence-based medical evidence for 
the impact of preoperative NLR on the prognosis CRLM 
patients.

Materials and methods
Search strategy
A study protocol was registered with International Pro-
spective Register of Systematic Reviews (PROSPERO), 
ID CRD42022326813, and reported in accordance with 
the PRISMA statement [22]. Cochrane Library, Pub-
Med, Embase, and Web of Science were used. The search 
terms included "Colorectal Neoplasms" and its keywords, 
"Colonic Neoplasms" and its keywords, "Rectal Neo-
plasms" and its keywords, "Neoplasm Metastasis" and its 
keywords, "Colorectal liver metastasis" and its keywords, 
"Neutrophil-to-lymphocyte ratio" and its keywords. The 
search is conducted based on a combination of medical 
subject headings (MeSH) terms and keywords adjusted to 
the characteristics of each database. "OR" is used for the 
combination of MeSH terms and keywords, while "AND" 
is used for the combination of MeSH terms. The search 
strategy is shown in Additional file 2: Table S1. The last 
search was performed on 19 January 2022.

Inclusion and exclusion criteria
Inclusion criteria: (1) CRLM was confirmed by pathol-
ogy and all patients underwent surgical treatment; (2) 
the study provided preoperative NLR value as a vari-
able in the outcome analysis; (3) studies explicitly report 
NLR cutoff values; (4) the hazard ratio (HR) and 95% 
confidence interval (CI) of the correlation between pre-
operative NLR and survival outcomes (overall survival 
(OS), disease-free survival (DFS), and recurrence-free 
survival (RFS)) were obtained using univariate and mul-
tivariate COX regression analysis. Overall survival (OS) 
was defined as the time length from operation to death 
for any cause, disease-free survival (DFS) was calculated 
from the date of hepatectomy to the date of tumor recur-
rence, while recurrence-free survival (RFS) was defined 
as the interval from hepatic resection to disease recur-
rence or death [23, 31].

Exclusion criteria: (1) studies related to other can-
cers; (2) articles, letters, case reports, commentaries or 
reviews, conference abstracts, research reports, reviews, 
and meta-analyses not related to this topic; (3) dupli-
cate publications; (4) the full text was not available (we 
obtained the full text of literatures through the database 
provided on the school’s official website VPN, the data-
base we purchased, interlibrary loan and email authors); 
(5) the study with incomplete data and whose authors 
could not be contacted; (6) study of extrahepatic metas-
tases in patients with CRLM; (7) study about patients 
treated with non-surgical treatment (chemotherapy 
alone); (8) non-English studies.

Literature screening, quality evaluation and data 
extraction
The references were rigorously screened by 2 research-
ers and evaluated by another person in case of disagree-
ment, and the decision about inclusion of the literature 
was made through discussion. Their quality was deter-
mined with the Newcastle-Ottawa Scale (NOS), includ-
ing patient selection, group comparability, and outcome 
analysis. Studies of 6–9 were defined as high quality, 
and those ≤ 5 were seen as low quality. Extracted data 
included first author, publication year, research area, time 
of recruitment, patients number, number of patients with 
increased NLR, patient gender, patient age, NLR cut-off 
value, postoperative treatment, follow-up time, HR and 
corresponding 95% CI for the correlation between high 
preoperative NLR and survival outcomes (OS, DFS, RFS) 
obtained by univariate and multivariate COX regres-
sion analysis. If HR, 95% CI, or other critical data were 
missing, the corresponding author would be contacted. 
If inaccessible, the approximate estimate of HR and the 
corresponding 95% CI were obtained from additional 



Page 3 of 14Li et al. Cancer Cell International           (2023) 23:39 	

information (Kaplan-Meier curves corresponding to sur-
vival outcomes) with Tierney’s method [23].

Definition of endings
To assess the effect of preoperative neutrophil-to-lym-
phocyte ratio on the prognosis undergoing radical sur-
gery, the primary outcome indicators for Meta-analysis 
included OS, and secondary outcome indicators included 
DFS and RFS.

Statistical analysis
Meta-analysis was carried out through RevMan 5.3 soft-
ware, and HR and their 95% CI were adopted to analyze 
the correlation between NLR and the prognosis of CRLM 
patients. For the correlation between NLR and clinical 
case traits, odds ratio (OR) and its 95% CI were adopted 
for assessment. Statistical heterogeneity between tri-
als was assessed by a Chi-squared test in the absence of 
significant heterogeneity (I2 ≤ 50% and P ≥ 0.1), a fixed-
effects model; otherwise, a random-effects model was 

used. Heterogeneity assessment was discussed by apply-
ing sensitivity analysis and subgroup analysis. Stata 16.0 
statistical software was adopted to conduct Egger test 
with P < 0.05 as significant difference. The trim-and-fill 
analysis was applied to determine the groups with pub-
lication bias to determine the stability and reliability of 
their Meta-analysis.

Results
Literature search
The flow chart of the literature search is shown as Fig. 1. 
A total of 763 articles were retrieved. After eliminating 
duplicate items, 52 literatures were excluded. Another 
627 were further excluded in title/abstract review. The 
full text of 84 literatures was then downloaded to deter-
mine their eligibility, of which 66 were excluded, includ-
ing those with non-OS/DFS/RFS as an outcome indicator 
(n = 47), those with not relevant topic (n = 6), those with 
incomplete data (n = 10), and those for which the full 
text could not being downloaded (n = 3). Ultimately, 18 

Fig. 1  Flow chart of paper inclusion
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articles (3184 patients) published between 2008 and 2021 
were included in this meta-analysis [3, 12, 21, 24–38]. All 
studies were retrospective cohort studies in which 2857 
patients underwent hepatic resection, 92 patients under-
went percutaneous radiofrequency ablation, and 235 
patients underwent radioembolization. The characteris-
tics of the included literature are summarized in Table 1. 
Six researches were conducted in the United Kingdom, 
five in China, three in the United States, one in Japan, 
one in Korea, one in Poland, and one in Israel. The NLR 
cutoff value of 10 articles was ≠ 5, and 8 articles was 5. 
All studies were considered high quality according to the 
NOS score, ranging from 7 to 8 (Table 2).

Literature search
Twelve studies provided HR and 95% CI for preopera-
tive NLR on univariate OS in CRLM patients [3, 12, 21, 
24, 26, 27, 29–32, 34, 35], including 2276 patients in 
total. Heterogeneity test showed that there was statis-
tical heterogeneity among studies (I2 = 57%, P < 0.01). 
Meta-analysis with random-effects model demonstrated 
(Fig. 2a) that the pooled HR = 1.97, 95% CI = 1.57–2.46, 
P < 0.01. Fourteen studies provided HR and 95% CI for 
multifactorial OS in patients with CRLM [3, 12, 24, 25, 
28–32, 34–38], including 2683 patients in total. Hetero-
geneity test results suggested no statistical heterogene-
ity among studies (I2 = 35%, P = 0.1). Meta-analysis with 
fixed-effects model demonstrated (Fig.  2b) the pooled 
HR = 1.83, 95% CI = 1.61–2.08, P < 0.01, showing that 
patients with high preoperative NLR had poor OS.

Association of preoperative NLR with univariate 
and multivariate DFS in CRLM patients
Seven studies provided HR and 95% CI for preoperative 
NLR on univariate DFS in CRLM patients [3, 24, 26, 27, 
31, 33, 34], including 1316 patients in total. Heterogeneity 
test found no significant heterogeneity among the stud-
ies (I2 = 36%, P = 0.15). Meta-analysis with fixed-effects 
model demonstrated (Fig. 3a) that the pooled HR = 1.47, 
95% CI = 1.27–1.69, P < 0.01. Five researches provided 
HR and 95% CI for multifactorial DFS in patients with 
CRLM [3, 31, 33, 34, 36], including 580 patients in total. 
Heterogeneity test found statistical heterogeneity among 
studies (I2 = 61%, P = 0.04). Meta-analysis with random-
effects model showed (Fig. 3b) the pooled HR = 1.78, 95% 
CI = 1.16–2.71, P < 0.01, suggesting that patients with 
high preoperative NLR were related to poorer DFS.

Correlation of preoperative NLR with univariate 
and multivariate RFS in patients with CRLM
Two studies provided HR and 95% CI for preopera-
tive NLR on univariate RFS in CRLM patients [12, 32], 
including 381 patients in total. Heterogeneity test results 

suggested no statistical heterogeneity among stud-
ies (I2 = 13%, P = 0.28). Meta-analysis with fixed-effects 
model demonstrated indicated (Fig.  4a) that the pooled 
HR = 1.53, 95% CI = 1.15–2.02, P < 0.01. Two researches 
provided HR and 95% CI for multifactorial RFS in 
patients with CRLM [12, 28], including 414 patients in 
total. Heterogeneity test results suggested no statisti-
cal heterogeneity among studies (I2 = 0%, P = 0.71), with 
HR = 1.46, 95% CI = 1.15–1.85, P < 0.01, suggesting that 
patients with high preoperative NLR were related to 
poorer RFS (Fig. 4b).

Correlation of preoperative NLR with clinicopathologic 
characteristics in CRLM patients
Eight studies provided OR and 95% CI for the number 
of metastases in patients with preoperative NLR ver-
sus CRLM [3, 12, 28, 29, 31, 32, 34, 36], including 1488 
patients in total. The heterogeneity test found no statis-
tical heterogeneity among studies (I2 = 10%, P = 0.35). 
Meta-analysis with fixed-effects model demonstrated a 
pooled OR = 1, 95% CI = 0.76–1.31, P = 0.97 without sta-
tistical significance (Table 3, Additional file 1: Fig. S1a).

Six studies provided OR and 95% CI for preoperative 
carcinoembryonic antigen (CEA) level in patients with 
NLR versus CRLM [3, 12, 32, 34, 36, 38], including 829 
patients in total. The heterogeneity test found no statisti-
cal heterogeneity among studies (I2 = 46%, P = 0.1). Meta-
analysis with fixed-effects model demonstrated that the 
pooled with OR = 1.31, 95% CI = 0.88–1.96, P = 0.19, had 
no statistical significance (Table 3, Additional file 1: Fig. 
S1b).

Six studies provided OR and 95% CI for primary tumor 
size in patients with preoperative NLR versus CRLM [3, 
12, 29, 31, 32, 36], including 1236 patients in total. The 
heterogeneity test found no statistical heterogeneity 
between studies (I2 = 0%, P = 0.89), with OR = 1.22, 95% 
CI = 0.90–1.67, P = 0.2 (Table  3, Additional file  1: Fig. 
S1c).

Four studies provided OR and 95% CI for time to 
metastasis in patients with preoperative NLR versus 
CRLM [12, 31, 32, 34], including690 patients in total. 
The heterogeneity test found no statistical heterogene-
ity between studies (I2 = 0%, P = 0.86), with a pooled 
OR = 1.12, 95% CI = 0.78–1.62, P = 0.54 (Table  3, Addi-
tional file 1: Fig. S1d).

Sensitivity analysis and subgroup analysis
Heterogeneity test results showed statistical heterogene-
ity in univariate OS and multivariate DFS of preopera-
tive NLR in CRLM patients (I2 = 57%, P < 0.01; I2 = 52%, 
P = 0.1). As shown in the univariate OS dendrogram 
(Fig. 2a), study deviations such as Hamada et al. are obvi-
ous and may be the main source of heterogeneity. Using 
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sensitivity analysis (deleting a single study), the het-
erogeneity was pronouncedly inhibited by excluding the 
research of Hamada et al. (I2 = 25%, P = 0.2). The Meta-
analysis with fixed-effects model demonstrated (Fig.  5) 
the pooled HR = 1.94, 95% CI = 1.69–2.22, P < 0.01, with-
out significant differences, indicating results stable and 
reliable.

A subgroup analysis of the multivariate DFS was per-
formed, with groupings based on whether the sample 
size (N) of the study was  ≥ 100. N < 100 group (I2 = 0%, 
P = 0.55), Meta-analysis with fixed-effects model showed 
(Table 4, Additional file 1: Fig. S2a) combined effect size 
HR = 2.64, 95% CI = 1.71–4.01, P < 0.01. N ≥ 100 group 
(I2 = 0%, P = 0.83), with HR = 1.18, 95%CI = 0.87–1.60, 
P = 0.3.

Patients were classed into two groups based on the 
study NLR cutoff value. NLR cut-off value = 5 group 
(I2 = 0%, P = 0.99), Meta-analysis with fixed-effects model 
(Table 3) combined effect size HR = 3.20, 95% CI = 1.74–
5.86, P < 0.01.In groups with NLR cut-off value below 
5 (I2 = 47%, P = 0.15), Meta-analysis with fixed-effects 
model found (Table  4, Additional file  1: Fig. S2b) com-
bined effect size HR = 1.35, 95%CI = 1.03–1.77, P = 0.03.

Publication bias
Since none of the correlation results of preoperative NLR 
on clinical case characteristics were statistically signifi-
cant, the Egger test was not performed. For studies with 
t more than 2 literatures, the Egger test was recruited to 

analyze publication bias (Additional file  1: Fig. S3a–d), 
which revealed publication bias only for the univariate 
DFS study of preoperative NLR in CRLM patients with 
P = 0.009. P values of the preoperative NLR for univari-
ate OS, multivariate OS, and multivariate DFS studies 
in CRLM patients were 0.852, 0.492, and 0.057, respec-
tively (P > 0.05) without publication bias. The pooled 
HR = 1.281, 95% CI = 1.031–1.531 after applying the 
trim-and-fill (Additional file 1: Fig. S3e) to the univariate 
DFS study with unchanged significance, indicating reli-
able and stable results.

Discussion
Forecasted NLR value of various tumors is confirmed. 
Several meta-analyses found that high NLR are related 
to poorer prognosis in esophageal [39, 40], gastric 
[41–43], hepatocellular [44–46], cholangiocarcinoma 
[47], colorectal [48–50], non-small cell lung [51, 52], 
breast [53], ovarian [54], renal cell [55, 56], and pros-
tate cancers [57]. However, Hamada et al. revealed that 
low preoperative NLR was related to impaired uni-
variate OS in CRLM patients, while multiple studies 
reported that high preoperative NLR was a symbol of 
poor CRLM prognosis. Thus, it can be seen that there 
is contradictory about prognostic significance of pre-
operative NLR in CRLM. In a meta-analysis of 3184 
CRLM patients from 18 studies, high preoperative NLR 
was correlated with OS (univariate HR = 1.97, 95% 
CI = 1.57–2.46, p < 0.01; multifactorial HR = 1.83, 95% 

Table 2  NOS scale quality assessment

★: 1 point

Author (Year) Selection Comparability Outcomes Quality score

Verter (2021) [12] ★★★ ★★★ ★★★ 8

Wang (2019) [24] ★★★ ★★★ ★★★ 8

Kim (2019) [3] ★★★ ★★★ ★★★ 7

Neal (2015) [25] ★★★ ★★★ ★★★ 8

Neal (2011) [26] ★★★ ★★★ ★★★ 7

Neal (2009) [27] ★★★ ★★★ ★★★ 7

Mao (2019) [28] ★★★ ★★★ ★★★ 8

Halazun (2008) [29] ★★★ ★★★ ★★★ 8

Erstad (2020) [30] ★★★ ★★★ ★★★ 7

Neofytou (2014) [31] ★★★ ★★★ ★★★ 7

Peng (2017) [32] ★★★ ★★★ ★★★ 7

Zeman (2013) [33] ★★★ ★★★ ★★★ 8

Giakoustidis (2015) [34] ★★★ ★★★ ★★★ 7

Wu (2016) [35] ★★★ ★★★ ★★★ 7

Hamada (2020) [21] ★★★ ★★★ ★★★ 7

Zhang (2012) [36] ★★★ ★★★ ★★★ 7

Weiner (2018) [37] ★★★ ★★★ ★★★ 7

Tohme (2015) [38] ★★★ ★★★ ★★★ 7
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CI = 1.61–2.08, P < 0.01), DFS (univariate HR = 1.47; 
95% CI = 1.27–1.96; P < 0.01; multifactorial HR = 1.78, 
95% CI = 1.16–2.71, P < 0.01) and RFS (univariate 
HR = 1.53, 95% CI = 1.15–2.02, P < 0.01; multifactorial 
HR = 1.46, 95% CI = 1.15–1.85, P < 0.01) were impaired. 
In summary, high preoperative NLR is an independent 
risk factor.

According to Meta-analysis results, no correlation 
was found in preoperative NLR on tumor clinicopatho-
logical characteristics, including the number of metas-
tases (OR = 1, 95% CI = 0.76–1.31, P = 0.97), CEA 
(OR = 1.31, 95% CI = 0.88–1.96, P = 0.19), primary 
tumor size (OR = 1.22, 95% CI = 0.90–1.67, P = 0.2) 
and time to metastasis (OR = 1.12, 95% CI = 0.78–1.62, 
P = 0.54)). Interestingly, Kim3 et  al.’s study showed 
that poorly differentiated colorectal cancer and high 
CEA levels (cut-off 100  ng/mL) between groups were 

significantly associated with high NLR. Peng11 et  al. 
found that patients with high preoperative NLR were 
more likely to promote multiple liver metastases than 
those with low preoperative NLR. Zang1 et  al. found 
that patients with increased NLR are more likely to own 
relative lymphopenia and neutrophilia. Tohme et  al.’s 
showed that patients with high NLR owned a higher 
incidence of extrahepatic disease when undergoing 
radioembolization. Overall, more prospective studies 
are needed to discuss the clinicopathological correla-
tion between NLR and tumors.

Statistical heterogeneity was found in univariate OS 
and multifactorial DFS in CRLM patients by preopera-
tive NLR (I2 = 57%, P = 0.008; I2 = 52%, P = 0.1) using the 
heterogeneity test. The heterogeneity was significantly 
reduced by sensitivity analysis (deleting a single study), 
excluding Hamada et  al.’s study (I2 = 25%, P = 0.2), and 
the Meta-analysis results were not significantly altered. 

Fig. 2  Forest plot of the correlation between preoperative NLR and OS in CRLM patients. a univariate OS; b multivariate OS; OS, overall survival; 
NLR, Neutrophil-to-Lymphocyte
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Fig. 3  Forest plot of the relationship between preoperative NLR and DFS in CRLM patients. a univariate DFS; b multivariate DFS; DFS, disease-free 
survival; NLR, Neutrophil-to-Lymphocyte

Fig. 4  Forest plot of the association between preoperative NLR and RFS in CRLM patients. a univariate RFS; b multivariate RFS; RFS, recurrence-free 
survival; NLR, Neutrophil-to-Lymphocyte

Table 3  Meta-analysis results of the correlation between preoperative NLR and clinicopathological features in patients with CRLM

Number of metastases, > 3 or < 3; CEA, > CEA cut-off or < CEA cut-off; primary tumor size, > 5 cm or < 5 cm; time to metastasis, Synchronous transfer or Metachronous 
transfer

Clinical case characteristics Number of 
Studies

Heterogeneity test results Effect model Meta-analysis results

I2 (%) P OR (95% CI) P

Number of metastases 8 10 0.35 Fixed-effects model 1 (0.76–1.31) P = 0.97

CEA 6 46 0.1 Fixed-effects model 1.31 (0.88–1.96) P = 0.19

Primary tumor size 6 0 0.89 Fixed-effects model 1.22 (0.90–1.67) P = 0.2

Time to metastasis 4 0 0.89 Fixed-effects model 1.12 (0.78–1.62) P = 0.54
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As this study was the only one with negative results 
included in this group, among the 29 patients included, 
only 3 patients had high NLR. Small sample size may be 
the main reason for its heterogeneity. Subgroup analy-
sis of the multifactorial DFS was performed, and studies 
were grouped according to whether they owned a sample 
size (N)  ≥ 100. Small sample (N < 100) researches did not 
differ significantly from the pooled results (HR = 2.64, 
95% CI = 1.71–4.01, P < 0.01). However, the multifactorial 
DFS relationship between preoperative NLR and CRLM 
patients was significantly lower in studies with large sam-
ples (N ≥ 100) without statistical significance (HR = 1.18, 
95% CI = 0.87–1.60, P = 0.3). The results of Meta-analysis 
with grouping were obtained based on NLR cutoff values, 
studies with NLR cutoff values equaling 5 had a more sig-
nificant preoperative NLR correlation with multifactorial 
DFS in CRLM patients (HR = 3.20, 95% CI = 1.74–5.86, 
P < 0.01). In contrast, studies with NLR cutoff values 
below 5 had significantly lower correlations with multi-
factorial DFS (HR = 1.35, 95% CI = 1.03–1.77, P < 0.01). 
Therefore, the choice of NLR cutoff value remain worthy 
for further study and discussion.

The reasons for the correlation of increased preopera-
tive NLR with poor survival outcome in CRLM patients 

are sophisticated and hard to elucidated, and the follow-
ing explanations may account for this association. Cell 
groups such as tumor cells, normal tissue cells, mesen-
chymal cells, and immune cells constitute the tumor 
microenvironment and are closely associated with tumor 
development [58–60], while immune cells exert different 
roles in the immune response process of tumors [61, 62].

Tumor hypoxia, necrosis, and associated anti-apop-
totic signaling pathways activate systemic inflammation 
in malignant tumors [63]. Granulocyte colony stimulat-
ing factor (GCSF) released by tumors works particu-
larly on bone marrow granulocytes, thereby triggering 
neutrophilia [64]. In turn, neutrophilia promotes the 
secretion of vascular endothelial growth factor (VEGF), 
matrix metalloproteinase 9 (MMP-9), which in turn 
accelerates tumor development [65, 66]. VEGF is one of 
the most biologically active cytokines among the pro-
angiogenic factors, especially acting on tumor-nourish-
ing neovascularization [67]. Matrix metalloproteinase 9 
(MMP-9) leads to the degradation of the extracellular 
matrix with connective tissue remodeling in the inter-
nal environment [68, 69]. MMP-9 activates VEGF and 
fibroblast growth factor-2 (FGF-2), which promotes 
vascular endothelial cell proliferation, pro-angiogenesis 

Fig. 5  Forest plot for sensitivity assessment of the relationship between NLR and univariate OS in CRLM patients

Table 4  Results for subgroup assessment of the relationship between NLR and multivariate DFS in CRLM patients

Subgroup Number of 
studies

Heterogeneity test results Effect model Meta-analysis results

I2 (%) P HR (95% CI) P

N < 100 3 0 0.70 Fixed-effects model 2.64 (0.76,1.31) P < 0.01

N ≥ 100 2 0 0.83 Fixed-effects model 1.18 (0.87,1.60) P = 0.3

NLR cut-off value = 5 2 5 2 Fixed-effects model 3.20 (1.74,5.86) P < 0.01

NLR cut-off value < 5 3 5 3 Fixed-effects model 1.35 (1.03,1.77) P = 0.03
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and signaling, providing nutrition to tumors and pro-
moting tumor metastasis [70]. Neutrophil elastase (NE) 
is mainly derived from neutrophils. When the organism 
is in a state of tumor cell invasion, neutrophils rapidly 
release high levels of NE to kill tumors [71, 72]. Inter-
estingly, Houghton et al. reported that NE has a tumor 
growth-promoting impact against lung tumor [73]. It 
was also shown that moderate concentrations of NE 
directly induced proliferation of tumor cells, whereas 
excess Ne led to tumor cell death, which emphasizes 
the importance of the active state of neutrophils on 
the biological behavior of tumors. Recent evidence has 
identified novel functions of neutrophils, polarizing 
into different phenotypes to react to environmental sig-
nals in the tumor microenvironment (anti-tumor M1 
and pro-tumor M2 phenotype) [74]. M1 neutrophils 
enhance the body’s anti-tumor function and improve 
host immunity by producing the tumor necrosis 
factor-α (TNF-α), etc., and reducing arginase level. In 
another hand, M2 neutrophils facilitate tumor growth 
through expressing arginase, MMP-9, VEGF and mul-
tiple chemokines [75, 76]. This part of neutrophils infil-
trates in tumor tissue and has pronounced effects in 
promoting tumor proliferation, invasion, angiogenesis 
and metastasis. Therefore, elevated NLR may suggest a 
higher level of M2 phenotype neutrophil infiltration.

For a long time, it was believed that the anti-tumor 
activity of the organism is primarily a cellular immune 
response mediated by lymphocytes. Lymphocytes, as key 
components of the innate and acquired immunity, eradi-
cate tumor cells by inducing cytotoxic death and secret-
ing cytokines [77]. Fuchs et al. found that good long-term 
survival in CRC patients was closely associated with ele-
vated tumor-infiltrating lymphocytes (TILs) [78], and the 
decrease in lymphocyte count symbolized the depressed 
immune defense against tumors [79]. Besides, enhanced 
neutrophils in peripheral blood suppressed the killing 
activity of lymphocytes and NK cells against tumor cells 
[80]. Thus, elevated NLR caused by neutrophilia or lym-
phocytopenia signifies the promising inhibition of host 
immune surveillance and response to malignancy.

This is the first Meta-analysis on the relevance of pre-
operative NLR on survival outcomes in CRLM patients 
with some limitations: (1) Most of the included stud-
ies were retrospective, relatively affecting results’ accu-
racy. (2) Definition differences in NLR cutoff values 
(cutoff = 5 in 5 studies and cutoff ≠ 5 in 10 studies) may 
lead to heterogeneity and variability and affect the clini-
cal application. (3) The reliability of the statistical results 
may be weakened by the small size included in the sub-
group analysis. (4) Three literatures were excluded in the 
full text was not available, which may have affected the 
comprehensiveness of the included literature. Therefore, 

these conclusions still need to be interpreted with 
caution.

Conclusions
In summary, high preoperative NLR is an independ-
ent risk factor for poor prognosis and is closely associ-
ated with poorer long-term survival (OS, DFS and RFS) 
in CRLM patients. Therefore, preoperative NLR can be 
one of the biomarkers to forecast the prognosis of CRLM 
patients who underwent surgical resection. On the one 
hand, preoperative NLR can effectively and rapidly rec-
ognize patients at high risk of recurrence, and on the 
other hand, physicians can further promote their adju-
vant therapy. However, further multicenter prospective 
researches are still needed to discuss in determining the 
optimal preoperative NLR cut-off value.
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