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Background: Numerous studies have confirmed that inflammation promotes the
occurrence, development and prognosis of colorectal cancer (CRC).

Objective: This study focuses on the potentially prognostic value of the platelet-
to-lymphocyte ratio (PLR) in CRC patients.

Data Sources: This study was registered at PROSPERO (ID: CRD42020219215).
Relative studies were searched on PubMed, Cochrane Library, Embase, Web of
Science, and clinical trial databases by two back-to-back reviewers. Study Selection
and Intervention: Studies were screened according to the predetermined inclusion
and exclusion criteria, comparing prognosis differences between low PLR levels
and high PLR levels for CRC patients. Main Outcome Measures: Studies were
integrated and compared to analyze the value of PLR in predicting overall survival
(OS), progression-free survival (PFS), cancer-specific survival (CSS), disease-free
survival (DFS) and recurrence-free survival (RFS) of CRC. Results: Outcomes were
compared using Review Manager (version 5.4) software from Cochrane
Collaboration. A total of 27 literary works, including 13,330 patients, were
incorporated into our study. The final results showed that higher PLR levels had
worse OS (hazard ratio [HR] =140, 95% confidence interval [Cl] =121-1.62, P<
0.00001), DFS (HR =144, 95% CI=109-190, P=0.01) and RFS (HR =148, 95%
Cl=113-194, P=0.005) than lower PLR levels, respectively. However, there was
no evidence of significance for PFS (HR =1.14, 95% Cl =0.84-154, P =0.40) and
CSS (HR =116, 95% Cl = 0.88-1.53, P=0.28) in the final meta-analysis.
Limitations: Our study has the following limitations. First of all, we only included
literature published in English, which means that some publication bias may be
inevitable. In addition, our study used aggregate data, not individual data;
furthermore, we did not define the exact cut-off value representing the PLR level.
Conclusion: An elevated PLR seems to be an adverse prognostic factor affecting
survival outcomes in patients with CRC. Meanwhile, more prospective studies are
required to confirm our conclusion.

PROSPERO ID: CRD42020219215.
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Introduction

Colorectal cancer (CRC) is the third most common cancer in the
world and the second-leading cause of cancer-related death (1), the
incidence of which shows a younger trend (2). At present, the
diagnosis and treatment of CRC have been significantly improved.
However, due to local tumor recurrence and metastasis, patients’
long-term survival is poor, and OS and FPS are not ideal. It is
predicted that the greatest impact and the fastest increase in the
burden of cancer in the coming decades will continue to be in low-
and middle-income countries, many of which are already facing
overwhelming difficulties (3). Adding to the tension, current tumor
markers, such as CEA and pik3, lack accuracy or are expensive.
Therefore, it is particularly important to find an economical,
convenient and effective biomarker to predict CRC prognosis.

Blood routine examination, including a series of indicators
reflecting the level of inflammation, is simple and cheap but has not
been paid attention to. As early as 1863, a German pathologist named
Rudolf Virchow noticed “lymphoreticular infiltrate” in tumor tissue
and linked inflammation to cancer (4). Additionally, immune cells
are the main cellular components of tumor lesions and play an
important role in the anti-tumor process (5), including CRC. The
tumor microenvironment is the internal environment for tumor cell
survival, which is composed of tumor cells, immune cells, cytokines,
and cell metabolites. It has been reported that host cell interaction in
the tumor microenvironment, such as immune cell infiltration, plays
a crucial role in tumor progression and is closely related to patient
prognosis (6). The platelet-to-lymphocyte ratio (PLR), as one of the
evaluation indexes of systemic inflammatory response, not only can
reflect the body’s inflammatory response and is an independent risk
factor for poor prognosis of various tumors, such as lung cancer,
ovarian cancer, hepatocellular carcinoma, and so on (7-11) but also is
available, inexpensive and repeatable in clinical laboratory
examination. However, the relationship between the PLR and CRC
remains controversial. Some studies reported that an elevated PLR
was an independent adverse prognostic factor in patients with CRC
(12-23), yet others showed that the PLR could not be a related
prognostic biomarker of CRC (11, 24-35).

In this study, a meta-analysis was conducted on published
survival data on the PLR and prognosis of CRC, and the
relationship between different PLR levels and survival outcomes
in patients with CRC was finally determined.

Materials and methods
Search strategy

This study was registered at PROSPERO (ID:
CRD42020219215). Two authors independently searched relevant
literature from PubMed, Cochrane Library, Embase, Web of
Science, and clinical trial databases with the following search
“CRC” or
carcinoma* or neoplasm* or adenoma* or adenocarcinom* or

terms: (colorectal neoplasms or ((cancer* or

tumour* or tumor* or polyp* or malignan*) and (colorectal* or
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colon* or rect* or anal or anus or “large bowel”))) and (platelet
to lymphocyte ratio or platelet lymphocyte ratio or “PLR”). We
limited the research method to cohort studies, and the retrieval
time was limited from the database construction to December 28,
2021. Subject words and random words were used during retrieval.

Inclusion and exclusion criteria

Studies meeting the following criteria were included: (1) original
articles published in English; (2) studies that compared prognosis in
patients with CRC between different PLR levels; (3) patients were
diagnosed with CRC by histopathological examination; (4) study
methods were cohort studies; (5) studies that carried out multivariate
analysis; (6) studies that succeeded in reporting the cut-off value of
PLR and HR and a 95% CIL. Studies were excluded when: (1) they
were non-English studies; (2) they were non-cohort studies; (3) data
could not be extracted from original articles; (4) studies failed to
report the cut-off value of PLR or HR or a 95% CI; (5) original
articles were letters, editorials, comments, supplements, conference
abstracts, review articles, or duplicated and unrelated studies.

Data extraction

Two researchers independently screened the literature,
extracted the data, and cross-checked it. If there are differences,
they will be discussed and resolved or handed over to a third
researcher for judgment. For literature lacking information, we
will try our best to contact the original author to supplement it.
The extracted information is as follows: (1) basic information
included in the study: first author’s name, year and country of
publication, name of the journal, contact information; (2) basic
characteristics of the study: sample size and age, no. of different
PLR levels, follow-up time, TNM stage; (3) key elements of

quality assessment; (4) main data of outcome indicators.

Statistical analysis

We used Review Manager (version 5.4) software from Cochrane
Collaboration for our meta-analysis, and P <0.05 was considered
statistically significant. HR and 95% CI were recorded to assess
the strong connection between different PLR levels and CRC
prognosis. The heterogeneity of included studies was analyzed and
evaluated by combining the Cochrane Q test and I* test (36). A P-
value <0.1 for Q statistic test or I?>50% was considered to be
Then a
(DerSimonian-Laird method) was performed to calculate HR and
95% CI. Otherwise, a P-value >0.1 for Q statistic test or 12 < 50%
was considered to use the fixed-effect model (Mantel-Haenszel
method). However, it should be noted that when the number of
studies is small, there is moderate or substantial heterogeneity and

significantly  heterogeneous. random-effect model

the distribution does not necessarily follow the normal or t-
distribution. In this case, the random-effect models are preferred
irrespective of the I? statistic (37-40). When the number of
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included studies exceeded 10, funnel plots (41) were used to evaluate
publication bias. Eventually, the stability and reliability of meta-
analysis results were clarified through sensitivity analysis.

Results
Eligible articles

According to the aforementioned retrieval strategies, 470
literary works were identified, including 160 studies from
PubMed, nine from Cochrane Library, 181 from Embase, 118
from Web of Science, and two from clinical trials. Because we
obtained zero related literary works through other resources, 470
studies were finally screened. According to the inclusion and

10.3389/fsurg.2023.1139503

exclusion criteria, there were 187 duplicated records, 15 literary
works with inconsistent research types (14 systematic reviews or
meta-analyses, one randomized controlled study), two articles
retrieved from clinical trials were unpublished, and 204 articles
were removed after screening titles and abstracts. After that, after
reviewing the full text of the remaining 62 articles, 35 records
were excluded due to the following criteria: (1) supplement:
n=7; (2) conference: n=4; (3) Japanese language: n=1; (4) not
multivariable analysis: n=19; (5) a lack of cut-off: n=1; (6) a
lack of hazard ratio: n=3. Consequently, there were 27 studies,
including 13,330 CRC patients, included in our meta-analysis
(Figure 1). In the included studies, there were 25 records for OS,
11 for PFS, five for CSS, three for DFS and three for RFS.
Clinical characters and relevant information extraction of the
eligible studies are shown in Table 1 (42-44).

Study flow diagram
(G
Records removed before
5 screening:
= Records identified from: Duplicate records removed
k3] Databases (n = 470) S (n=187)
= Registers (n = 0) Systematic reviews or meta-
S analyses (n= 14)
= Randomized controlled study
(n=1)
Ve ~\ "
R d d Records excluded after
acoresiseraene —»| screening titles and abstracts (n=
(n =268) 204)
A4
- Regorts sought for retrieval Reports not retrieved
2 (n=64) (n=2)
=
o
.
s \4
Reports assessed for eligibility Reports excluded:
(n=62) . 1. Supplement (n=7)
2. Conference (n=4)
3. The Japanese language (n=1)
4. Not multivariable analysis
(n=19)
5. Lack of cut-off (n=1)
— 6. Lack of hazard ratio(n=3)
\4
3 Studies included in review
'g (n=27)
© Reports of included studies
£ (n=27)
FIGURE 1
Flow diagram for study selection. From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71.
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" Quality assessment
% © ) ™~
After extracting data from the original articles, the Newcastle-
2 e | |2 g e Ottawa Scale (NOS) was used to assess the methodological quality
2 2 % |% |2 kS of included studies (22, 45). The NOS is a simple and convenient
LS z |z | & . .
- ,é\ % ,g % § %‘ 22 ,g g quality asse.ssment tool w1deIY. used to evaluate case control fmd
E g =2 E =1 § 2 % = g e cohort studies. The NOS consists of three parts: cohort selection,
g § gb ‘;20 % ‘§ comparability, and results. Each part has evaluation items, each
v AL item is represented by %, and the full score is 9. Our quality
) evaluation table is revealed in Table 2.
2 EEEE -
(%]
2 s |5 o~
o RN E OS, DFS, RFS and PLR
= < 2 = < =
o . KEREREPSEE R
2 % é % é‘ lg Twenty-five of the included records reported that overall survival
2 g - g E é o | n (OS) of CRC patients with high PLR levels was significantly shorter
g S8 |ZEY < ;D f than for those with low PLR levels (11-15, 17, 19-27, 29-31, 34, 35,
= R ANE SR AYESER 46-50). Pooled analysis of OS revealed significant differences and
o < (2 (o o | moderate heterogeneity between the high and low PLR groups in
3 S 2 = @ - the random-effect model (HR=1.40, 95% CI=1.21-1.62, P<
0.00001, Figure 2A). Meanwhile, there were three studies
- evaluating hazard ratios for disease-free survival (DFS) (16, 19, 35)
E § and recurrence-free survival (RES) (11, 21, 23), respectively. As for
= ' : 'lg DFS and RFS only few studies were available, considering that
é’ = between-trial heterogenicity was still significant, random effect-
models were preferred, and an elevated PLR was related to poor
< prognosis of patients with CRC for DFS and RFS (HR = 1.44, 95%
5 SB s s s CI=1.09-1.90, P=0.01 and HR=1.48, 95% CI=1.13-1.94, P=
= 0.005, respectively, Figures 3A, 4A).
e 2 2 8 2
< ENENERE PFS, CSS and PLR
< Eleven records assessed progression-free survival (PFS) (18,
%— g - . o - - 29-31, 33, 34, 46, 48, 49, 50), whereas a non-significant
223 3 5 |2 § association between PFS and the PLR (HR =1.14, 95% CI=0.84-
& 2 L 1.54, P=0.40; I>=65%, PH=0.002, Figure 5A) was observed.
E Another five articles evaluated cancer-specific survival (CSS) (11,
= I 14, 16, 25, 49). However, there was also no evidence
= § E % of significance for CSS and PLR (HR=1.16, 95% CI=0.88-1.53,
s 3 |2 o P=0.28; I’=68%, PH=0.01, Figure 6A).
s s 2 | 2
. ;i 2
= > |2 2 e .
< T |5 Sensitivity analysis
> o o - - . "
£ ENFEEEEEE The purpose of sensitivity analysis is to determine the stability
§ & E S S & and reliability of meta-analysis results. in OS, PES and CSS tests,
- 5 2 |2 |= random-effect models were adopted according to Q test, so the
s § B 8 (B fixed-effect models were used for sensitivity analysis (51). The
- . _ results of OS, PFS and CSS (HR =1.32, 95% CI=1.23-1.42, P<
2 EF s s | 2 0.00001, HR = 1.16, 95% CI=0.98-137, P=0.09 and HR= .16,
‘g 5 ; g g § g 95% CI=0.88-1.53, P=0.28, respectively, Figures 2B, 5B, 6B)
: 5 ) é z 5 |& 3 were stable and reliable. In DFS and RFS, the results (HR =1.39,
& ERIEPRie o 95% CI=1.14-1.69, P=0.001 and HR = 1.47, 95% CI = 1.14-1.89,
s = BOC|=C|RS]|=20 P=0.003, respectively, Figures 3B, 4B) were consistent with
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A Hazard Ratio Hazard Ratio
Study or Subgroup __log[Hazard Ratio] SE_Weight IV, Random, 95% Cl_Year IV, Random, 95% CI
Ying 2014 0139 0206 4.7% 1.15(0.77,1.72) 2014 i TR
Szkandera 2014 0398 0244 41% 1.49(0.92,2.40) 2014 e
Wu 2016 0.369 0553 1.4% 1.45(0.48,4.33) 2016 S
Passardi 2016 0.239 0.185 5.0% 1.27(0.88,1.83] 2016 T
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FIGURE 2
Forest graph on association of overall survival with different levels of platelet-to-lymphocyte ratio groups. (A) random effect model. (B) fixed effect model.

those of the original random-effect model, indicating that the  (Figures 7A,B). The funnel plots for publication bias show no
meta-analysis results of DFS and RFS were also stable and reliable. ~ obvious asymmetry, indicating that the pooled results were not
influenced by publication bias.

Publication bias assessment

OS and PFS DFS, RFS and CSS
Since more than ten studies were included in the OS group and Because of the small number of included studies, funnel plots
the PFES group, a funnel plot was used to evaluate publication bias  have not been carried out.
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FIGURE 3
Forest graph on association of disease-free survival with different levels of platelet-to-lymphocyte ratio groups. (A) random effect model. (B) fixed effect
model.
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FIGURE 4

effect model.

Forest graph on association of recurrence-free survival with different levels of platelet-to-lymphocyte ratio groups. (A) random effect model. (B) fixed

Discussion

Colorectal cancer is the third most common malignant tumor
in the world and the second largest cause of cancer-related deaths.
In 2018, there were about 1.8 million new cases and 881,000 deaths
worldwide (52). The early clinical manifestations of CRC are not
typical, and some patients have local progression or metastasis
when found, leading to poor survival prognosis. Deeply studying
the factors related to the prognosis of CRC and actively looking
for tumor markers related to the prognosis of CRC are helpful to
guide clinicians to evaluate the prognosis of CRC patients (53).
blood
carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9

However, two commonly used biomarkers,
(CA19-9), are not highly sensitive and specific (54). Some new

tumor biomarkers such as circulating tumor cells (CTC) and

Frontiers in Surgery

circulating tumor DNA (ctDNA) (55) are also faced with high
detection costs. Therefore, finding and screening some new,
related to the
prognosis of CRC is still a hot topic that needs further study.

simpler and effective molecular indicators

Nowadays, an increasing number of researchers have
confirmed that the platelet-to-lymphocyte ratio (PLR), the
neutrophils-to-lymphocyte ratio (NLR) and the lymphocyte-
to-monocyte ratio (LMR), as the common inflammatory
indicators, are of great significance in the diagnosis and
including CRC (56, 57). The
relationship between PLR and the prognosis of CRC has

prognosis of tumors,
attracted our attention. Then, we explored the prognostic
effect of PLR in 27 studies, including 13,330 patients with
CRC. In our searched the
comprehensively as possible, consisting of PubMed, Cochrane

study, we literature as
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Forest graph on association of progression-free survival with different levels of platelet-to-lymphocyte ratio groups. (A) random effect model
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Library, Embase, Web of Science, and clinical trial databases.
Our primary outcomes were OS and PFS, and secondary
outcomes included CSS, DFS and RFR. We used Review
Manager (version 5.4) software from Cochrane Collaboration
and P<0.05 was
statistically significant. The heterogeneity of included studies

for our meta-analysis, considered

was mainly analyzed and evaluated by combining the
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Cochrane Q test and I* test. Thus, in OS, PFS and CSS
tests, random-effect models were adopted. As for DFS and
RFS only three
considering  that

studies were available respectively,

between-trial heterogenicity was still
significant, we similarly used random effect-models in the
analysis of them. What’s more, taking the uncertainty in the

estimation of the between-trial heterogeneity, the fixed-effect
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FIGURE 7
Funnel plot on the association of overall survival (A) and progression-free survival (B) with different levels of platelet-to-lymphocyte ratio groups.

models were used to verify the results. Eventually, our pooled
results demonstrated that an elevated PLR was correlated with
poor OS, DFS and RFS, which were consistent with those of
previous meta-analysis (58-60). Furthermore, among them,
we included more relevant articles, obtained more data and
used more stringent methods.

Investigating the reason, PLR is one of the indicators reflecting
the body’s inflammatory response, and studies have indicated that
inflammation is related to the occurrence and development of
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tumors to some extent (61). Inflammatory cells can release a
variety of bioactive substances in the tumor microenvironment,
and the tumor microenvironment is the internal environment for
tumor cell survival, which is composed of tumor cells, immune
cells, cytokines, and cell metabolites. Simultaneously, various cells
interact with inflammatory factors, which further promote the
formation of tumors due to the extreme immunosuppressive
microenvironment (62). Meanwhile, several studies have pointed
out that platelets can secrete P-selectin adhesion factor, which can
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make inflammatory cells adhere to endothelial cells and have a great
adverse impact on tumor production, metastasis and prognosis (63—
65). In addition, the angiogenic factors released by platelets can
promote endothelial cell growth, induce the proliferation and
migration of endothelial cells, increase vascular permeability of
tissue, and facilitate the invasion and metastasis of tumor cells
through blood vessels in the body (66). Moreover, platelets can
release tumor growth-promoting factors, resulting in continuous
crazy growth of tumor tissue, which affects patient prognosis (67-
69). Therefore, in CRC progression, PLR levels will gradually
increase, and the higher the PLR, the worse the prognosis.

At the same time, it is interesting to note that under the
assistant of R language, several new statistical research
methods such as Paule-Mandel (70), Hartung-Knapp-Sidik-
Jonkman (19) etc are developing with each passing day. Ralf
(71) that
DerSimonian and Laird approach had some limitations,

Bender et al simultaneously pointed out
especially in the case of very few studies, and they recommend
using Knapp-Hartung method for meta-analyses. It can be
seen that everyone is working hard to eliminate the between-
trial heterogeneity. And we known this and made our own
efforts. Henmi et al. (72) use of fixed effects estimates with a
random effects approach to deal with heterogeneity. Bohning
D et al. (73) mentioned that if there is strong heterogeneity,
the results of the random effect model and the fixed effect
model will differ greatly; If there is small heterogeneity, the
both approaches will provide similar results. Based on this, in
our study, when the random effect models were used for data
analysis, the fixed effect models were used to verify the results.
The same results are obtained in the statistical results, which
mean that the conclusion is stable and reliable. Considering
that the heterogeneity between independent studies has not
had a huge impact on the production of results and
conclusions, nor has it produced new controversial results and
conclusions, we have not introduced more complex statistical
methods or analysis programs. Of course, we agree that these
new statistical methods are very interesting and useful, and we
will try to use them in the future.

Our results can better reflect the authenticity of the relationship
between PLR and CRC prognosis. However, our study has the
following limitations. First of all, we only included literature
published in English, which means that some publication bias
may be inevitable. In addition, our study used aggregate data, not
individual data; furthermore, we did not define the exact cut-off
value representing the PLR level. It is really a pity that there is
no way to obtain the original data for statistics and determine
the exact cut-off value. Because many articles give different cut-
off values, we can only try to use “high level” and “low level” to
evaluate. At the same time, as an analogy, similar problems have
been encountered in similar studies conducted by predecessors.
Hamid et al. (74) showed that a low lymphocyte-to-monocyte
ratio, but not a high platelet-to-lymphocyte ratio, was inversely
correlated with complete pathologic response rate. In his another
research about prognostic value of neurophil-to-lysophocyte ratio
(NLR) after curative rectal cancer recovery, result indicated that
high NLR was associated with worse OS (75). It can be seen that
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the determination of the clear cut-off value of similar research
did puzzling everyone. In addition, in order to avoid the impact
of such differences as much as possible, we used both “random
effect model” and “fixed effect model” in statistics, and the
results are consistent. we know that our research is not perfect,
but it
application. we also look forward to high-quality, multi-center

provides a relatively useful result for clinical
RCT research to eliminate these deviations and determine the
exact cut-off value.

Despite these limitations, our meta-analysis assessed the
impact of an elevated PLR upon OS, PFS, CSS, DFS, and RES
outcomes in CRC patients. Based on existing data, our study
suggests that PLR has a certain correlation with CRC patient
prognosis, and an elevated PLR is correlated with poorer OS,
DES and RFS. However, no evidence exists that an elevated PLR
is significantly associated with worse PFS and CSS. Clinical
workers strengthening the detection of this available, inexpensive
and repeatable index will have a good reference value for CRC
patients. Moreover, with the emergence of more and more
convincing studies, the impact of an elevated PLR upon CRC

patient prognosis can be further explored and confirmed.

Conclusions

An elevated PLR seems to be an adverse prognostic factor
affecting survival outcomes in CRC patients. Meanwhile, more
prospective studies are required to confirm our conclusion.
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