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lymphocyte ratio in patients with
rectal cancer undergoing
resection: a systematic review
and meta-analysis
Lijuan Ma, Fei Yang*, Wentao Guo, Shufang Tang
and Yarui Ling

Shenzhen Traditional Chinese Medicine Anorectal Hospital (Futian), Shenzhen, China
Background: Inflammation plays a pivotal role in tumor growth, with the

platelet-to-lymphocyte ratio (PLR) emerging as a promising serum biomarker

for prognostic assessment in patients with cancer. However, its specific role in

rectal cancer remains controversial.

Methods: A comprehensive literature review encompassing PubMed, EMBASE,

and the Cochrane Library, spanning from their inception to March 2024, was

conducted. The systematic review and meta-analysis strictly adhered to the

Preferred Reporting Items for Systematic Reviews and Meta-Analysis guidelines

(PRISMA). Quality assessment was conducted using the Newcastle–Ottawa scale

(NOS). This study aimed to assess the available literature on the association of

PLR with both overall survival (OS) and disease-free survival (DFS) in patients with

rectal cancer undergoing resection.

Results: Twenty-three observational studies, encompassing 7577 patients, were

included in the analysis. These comprised 20 retrospective and 3 prospective

cohort studies, with NOS scores ranging from 5 to 8. A significant association was

found between high PLR and worse OS (hazard ratio [HR] 1.00; 95% confidence

interval [CI] 1.00–1.01; P = 0.01). Conversely, no significant association was

observed between PLR and DFS (HR 1.14; 95% CI 0.98–1.32; P = 0.09).

Conclusions: PLR serves as an independent clinical predictor of OS in patients

with rectal cancer treated with curative surgery, but not of DFS. This easily

accessible biomarker appears to be an optimal prognostic index and may aid

clinicians in predicting the prognosis of rectal cancer, facilitating the

development of individualized treatment strategies.
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1 Introduction

Rectal cancer is one of the most common tumors worldwide. At

present, it is treated using a multimodal approach that combines

neoadjuvant chemoradiotherapy (nCRT), total mesorectal

resection, and adjuvant chemotherapy (1), which reduces the

recurrence rate and increases the survival rate of patients with

rectal cancer (2, 3). However, predicting treatment outcomes is a

complex issue involving TNM staging, tumor grading, patient age,

and laboratory parameters (4). Therefore, reliable prognostic factors

for treatment outcomes must be determined to improve treatment

strategies and subsequent monitoring.

The tumor microenvironment, particularly the inflammatory

response, may play a crucial role in cancer development and

progression and may be associated with systemic inflammation

(5). The platelet-to-lymphocyte ratio (PLR) is an inflammation

score recently identified as a valuable predictor in various solid

tumors (6–10). Such predictive factors are both inexpensive and

easy to implement in the daily management of patients with cancer.

Some studies have also reported on the relationship between

PLR and prognosis in patients with rectal cancer; however, the

results are inconsistent. In a meta-analysis, Hamid et al. showed

that the PLR does not correlate with diagnosis after curative intent

surgery for rectal cancer (11), whereas a meta-analysis by Portale

et al. showed that PLR is an independent clinical predictor of overall

survival (OS), but not of disease-free survival (DFS), in patients with

rectal cancer undergoing surgery (12).

Therefore, we conducted a systematic review and meta-analysis

to evaluate the predictive role of the PLR in the prognosis of patients

with rectal cancer undergoing surgery.
2 Methods

2.1 Protocol and guidance

This study adhered strictly to the Preferred Reporting Items for

Systematic Reviews and Meta-analyses guidelines (PRISMA) (13).

Given the nature of the study, ethical approval or informed consent

was deemed unnecessary.
2.2 Search strategy

A comprehensive literature search was conducted in PubMed,

EMBASE, and the Cochrane Library, targeting English articles

published from database inception to March 2024. The following

search keywords were used: (“Rectal Cancer” or “rectal carcinoma”

or “Rectal”) and (“Platelet-to-Lymphocyte Ratio” or “Platelet to

Lymphocyte Ratio” or “Platelet Lymphocyte Ratio” or “PLR”) and

(“prognosis” or “outcome” or “survival” or “mortality” or

“recurrence”). Additional studies were identified by reviewing the

reference lists and qualified publications of potentially eligible studies.

Both searches were independently conducted by two authors, and any

differences were resolved through discussion.
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2.3 Criteria for considering studies for
this review

For inclusion in this review, studies must have investigated the

association between PLR and OS or DFS in patients with rectal

cancer who had undergone surgery with or without nCRT. Studies

lacking a defined cutoff value for PLR classification or insufficient

data for hazard ratio (HR) estimation were excluded. In cases of

duplicate publications reporting on the same patient population,

only the most recent and complete data were considered.

Nonhuman studies were also excluded.
2.4 Data extraction and quality assessment

Data were extracted independently by two reviewers. The

extracted information encompassed the first author’s name,

publication year, country of origin, study type, number of

participants, age, neoadjuvant therapy details, tumor staging, PLR

cutoff values, primary research outcomes, and follow-up duration.
2.5 Quality assessment

The quality of all selected articles was rigorously examined using

the Newcastle–Ottawa Scale (NOS) for cohort studies (14). This

quantitative scale uses a star-rating system to assess the quality of

eight items across three domains: selection (four items, awarded one

star each), comparability (one item, eligible for up to two stars), and

exposure (three items, each awarded a star). For this meta-analysis,

articles were categorized as having excellent (≥7 stars), moderate (4–6

stars), or poor (<4 stars) quality. Any disparities between the two

reviewers were resolved through deliberation with a third reviewer.
2.6 Data analysis

The primary endpoints were the OS and DFS, evaluated based on

high versus low PLR. This approach was based on the HRs obtained

from each study, accompanied by a 95% confidence interval (CI). If

multiple HR estimates were reported in a single article, the results

from multivariate analyses were preferred. Additionally, subgroup

analysis was conducted, stratified by population (Eastern and

Western) and cutoff values (≥150 and <150).
2.7 Statistical analysis

For data analysis, Review Manager version 5.4, a software tool

developed by the Nordic Cochrane Center of the Cochrane

Collaboration in London, UK, was used. HR with a 95% CI was

employed as a measure of effectiveness. To quantify heterogeneity

among studies, we relied on I2 values, which were categorized into

four distinct levels: no (I2 < 25%), low (25% ≤ I2 < 50%), moderate

(50% ≤I2 <75%), and high (I2 ≥ 75%) heterogeneity. When the I2
frontiersin.org
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value was <50%, indicating a relatively low heterogeneity level, a

fixed-effects model was used for analysis. Conversely, when the I2

value was >50%, signifying a higher degree of heterogeneity, a

random-effects model was used. This approach allowed us to

account for the varying degrees of heterogeneity across studies and

provide more robust and reliable estimates of the treatment effect.
3 Results

3.1 Study identification and characteristics

The initial search yielded a total of 249 citations. After a

thorough review of the titles and abstracts, 69 articles were

deemed potentially relevant and subjected to further scrutiny.

Ultimately, 23 studies (15–37), published between 2012 and 2023,

were selected for evidence synthesis (Figure 1).

Table 1 summarizes the key characteristics of the included

studies. A cumulative total of 7577 patients with cancer were
Frontiers in Oncology 03
enrolled in these studies, with sample sizes varying from 53 to

1237 patients. Notably, 20 and 3 studies were retrospective and

prospective studies, respectively. The primary outcome measures

focused on OS and DFS. Geographically, 10 and 13 studies

originated from the Western and Eastern countries, respectively.

Based on rigorous quality evaluation criteria, the quality scores for

observational studies ranged from 5 to 8 points on the NOS,

indicating that the quality of the entire cohort was relatively high.
3.2 Disease-free survival

Nineteen studies examined the effect of high and low PLR on DFS

amongpatientswith rectal cancer.A total of 6315patientswere included

in these studies. Notably, when comparing high PLR with low PLR, no

significant association was observed with DFS in patients with rectal

cancer (HR, 1.14; 95% CI, 0.98–1.32; P = 0.09) (Figure 2).

Among the 19 studies, 7 and 12 originated from Western and

Eastern countries, respectively. Additionally, 11 studies employed a
FIGURE 1

Flow chart of the identification of eligible studies.
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TABLE 1 Characteristics of the included trials.

PLR
Cut-off

Outcomes
Follow-up/

months(means)
Quality

assessment

160 OS, DFS 37.1 5

150 OS, DFS 56 (2-147) 7

144 OS, DFS 42 (2-92) 6

92.88 DFS 48 (3-107) 6

150 OS 45.5 6

150 OS, DFS 59 7

203.6 OS NR 6

154.4 OS, DFS 73.3 (56.2-98.1) 7

150 OS, DFS 71 7

145.4 OS, DFS 54 (0.4-130.3) 7

150 OS NR 7

100 OS, DFS NR 6

188 OS, DFS NR 8

140.05 OS, DFS 42.4 (12-89) 7

169.5 OS, DFS NR 6

131 OS, DFS 43(9-146) 7

151.2 OS, DFS 32(2-78) 6

150 DFS NR 7

207.69 OS, DFS 42(10-78) 7

170 OS, DFS 66(0-234) 8

133 DFS 72(55-88) 7

100 OS, DFS 53.5 (6–198) 8

214.7 OS 46.6 6
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First Author Country
Study
type

Number
of participants

Age/
years

(means)

Neoadjuvant
therapy

Tumor
stage

Carruthers (2012) (15) UK R 115 63.8 (32.3–81.1) nCRT II-III

Toiyama (2015) (16) Japan R 89 65 (33–80) nCRT I-II-III

Li H (2016) (17) China R 140 60 (25–88) None I-II-III

Jung SW (2017) (18) Korea R 984 59 (26–86) nCRT II-III

Zhao J (2017) (19) China R 100 60.5 (26–81) nCRT II-III

Portale G (2018) (20) Italy R 152 70 nCRT or none 0-I-II-III

Ward WH (2018) (21) USA P 146 58.6(29–92) nCRT II-III

Cha YJ (2019) (22) Korea R 94 59 (51–67) nCRT II-III

Dudani S (2019) (23) Canada R 1237 62 (23–88) nCRT II-III

Kim SY (2019) (24) Korea R 161 63.6 (28–87) nCRT or none I-II-III-IV

Dolan RD (2020) (25) UK P 413 NR nCRT or none I-II-III

Huang Z (2020) (26) China R 515 59 (21–89) NR I-II-III

Ke TM (2020) (27) China R 184 63.2 nCRT I-II-III

Xia LJ (2020) (28) China R 154 63.71(32–90) none I-III

Zhang Y (2020) (29) China R 472 56.2 nCRT II-III

Ergen ŞA (2021) (30) Turkey R 53 55 (24–76) nCRT II-III

Sari R (2021) (31) Turkey R 114 62 nCRT II-III

Zhuang Z (2021) (32) China P 508 59 (21–89) nCRT I-II-III

Wang Y (2021) (33) China R 273 NR nCRT II-III

An SH (2022) (34) Korea R 162 61 (38–85) nCRT 0-I-II-III

Duque-Santana V
(2023) (35)

Spain R 100 76 (68–83) nCRT II-III

Chiloiro G (2023) (36) Italy R 808 64 (26–88) nCRT 0-I-II-III

Partl R (2023) (37) Austria R 603 66.1 nCRT II-III

R, retrospective; P, prospective; NR, not reported.
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cutoff value of ≥150, whereas 8 studies utilized a cutoff value of <150.

A subgroup analysis was subsequently conducted, stratifying the data

based on both the country of origin and cutoff value. No significant

correlation was found between patients fromWestern (HR, 1.14; 95%

CI, 0.81–1.59; P = 0.46) or Eastern (HR, 1.19; 95% CI, 0.98–1.44; P =

0.07) countries (Figure 3). Similarly, in the subgroup analysis based on

cutoff values, no significant associations were observed for the ≥150

group (HR, 1.12; 95% CI, 0.95–1.32; P = 0.19) or the <150 group (HR,

1.31; 95% CI, 0.90–1.91; P = 0.15) (Figure 4).
3.3 Overall survival

Twenty studies, encompassing a total of 5985 patients, examined

the effect of high and low PLR on OS in rectal cancer. Notably, a high

PLR was associated with poorer OS than a low PLR, as indicated by

an HR of 1.00 (95% CI, 1.00–1.01; P = 0.01) (Figure 5).

In these analyses, 9 studies originated from Western countries,

whereas the remaining 11 studies originated from Eastern

countries. Fourteen studies employed a cutoff value of ≥150,

whereas six studies used a cutoff value of <150. A subgroup

analysis was subsequently conducted, stratifying the data based

on both the country of origin and cutoff value. The results revealed a

significant correlation between patients from Eastern countries and

OS, with an HR of 1.01 (95% CI, 1.01–1.02; P = 0.0009). However,

no correlation was observed among patients from Western

countries (HR, 1.00; 95% CI, 1.00–1.01; P = 0.15) (Figure 6). In

the subgroup analysis based on cutoff values, significant

associations were observed in both groups with ≥150 (HR, 1.00;

95% CI, 1.00–1.01; P = 0.01) and <150 (HR, 1.36; 95% CI, 1.07–1.71;

P = 0.01), exhibiting significant effects on the OS (Figure 7).
Frontiers in Oncology 05
3.4 Publication bias

The funnel plots provided in Figure 8 of disease-free survival

and Figure 9 of overall survival demonstrate that the scatter points

were generally symmetrical within the CI, indicating the absence of

notable publication bias (Figures 8, 9).
4 Discussion

This meta-analysis encompassed 23 studies to compare the

effect of high versus low PLR on postoperative prognosis following

rectal cancer resection. Notably, most studies were published in

2012 or later, reflecting the recent surge of interest in exploring the

potential role of these biomarkers in predicting survival outcomes

among patients with rectal cancer. Our results revealed a

statistically significant difference in the OS between patients with

high and low PLR, whereas no significant difference was observed in

DFS. While earlier meta-analyses have yielded different results, our

meta-analysis, which includes the largest number of studies to date,

supports the findings of Portale et al. (12). Thus, we consider PLR to

be a valuable laboratory parameter.

In the subgroup analysis of OS, a statistically significant

difference between patients with high and low PLR in Eastern

countries was discovered, whereas no such difference was evident

in patients fromWestern countries. Furthermore, in terms of cutoff

values, we reviewed previous relevant studies and statistically

analyzed the distribution characteristics of cutoff values across the

23 included studies. A cutoff value of 150 was selected for subgroup

analysis. A significant association was observed between high and

low PLR in patients with cutoff values of ≥150 and <150. However,
FIGURE 2

Forest plots of disease-free survival in patients with high versus low platelet-to-lymphocyte ratio.
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FIGURE 3

Forest plots of disease-free survival of patients based on subgroup analysis (countries).
FIGURE 4

Forest plots of disease-free survival of patients based on subgroup analysis (cutoff).
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FIGURE 5

Forest plots of overall survival in patients with high versus low platelet-to-lymphocyte ratio.
FIGURE 6

Forest plots of overall survival of patients based on subgroup analysis (countries).
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in the subgroup analysis of DFS stratified by both countries and

cutoff values, no significant associations were found.

“Inflammation” and “genomic instability and mutation” were

considered the pathophysiological basis for promoting tumorigenesis

and development (38). The tumor microenvironment consists of

normal tissue, tumor, inflammatory, and stromal cells and other
Frontiers in Oncology 08
components (39), which regulate the tumor through interactions

between signaling pathways and cytokines (39, 40).

The underlying mechanisms of the relationship between

systemic inflammation and tumor biology are not fully

understood. Chronic inflammation can lead to tissue damage, and

repeated regenerative processes can result in permanent genetic
FIGURE 8

Funnel plot diagram of disease-free survival.

FIGURE 9

Funnel plot diagram of overall survival.
FIGURE 7

Forest plots of overall survival of patients based on subgroup analysis (cutoff).
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mutations such as point mutations, deletions, or rearrangements.

Activated inflammatory cells produce numerous chemokines and

cytokines, which affect tumor growth, migration, and differentiation

by releasing growth factors. Platelets play a crucial role in

hemostasis by adhering and aggregating in the injured tissue and

are important in the host inflammatory and immune systems (41,

42). Activated platelets release growth factors that promote tumor

growth and invasion and facilitate tumor metastasis by assisting

cancer cells in adhesion and extravasation (43). A high platelet

count is associated with long-term prognosis in patients with

colorectal cancer (44, 45). Lymphocytes, a subtype of white blood

cells (WBCs), are responsible for innate immunity. Lymphocytes

play a pivotal role in counteracting tumor progression, and a high

density of lymphocyte infiltration in the tumors is a known

prognostic factor for improved survival in many malignancies

(46). Neutrophils, the most abundant WBCs, play a crucial role in

acute inflammatory responses. Additionally, neutrophils are

implicated in carcinogenic processes, such as tumor growth and

proliferation, and tumor angiogenesis through the release of

reactive oxygen and nitrogen species or proteases. Neutrophils

can also contribute to metastatic spread by suppressing natural

killer cell function and promoting tumor cell extravasation (47).

A high preoperative PLR is often associated with increased platelet

count or decrease lymphocyte count, indicating an activated

inflammatory state and suppressed immune response in patients.

PLR, a marker representing the balance between two inflammatory

states, has demonstrated prognostic value in multiple studies (26, 48,

49).Additionally, an index that combines inflammation,nutrition, and

immune system status (CALLY) is used to predict the long-term

prognosis of colorectal cancer patients, and the research conclusion

suggests that it is an independent biomarker (50). A high platelet count

tends to induce an aggregation of tumor cells by releasing biological

factors; assist in stimulating the development of new blood vessels

through interactions with PDGF, VEGF, and PF4; and activate DNA

damage promoters, which may contribute to carcinogenesis (43).

The current meta-analysis is limited by the retrospective design

of most included studies. To validate the PLR as a prognostic

indicator, prospective assessment of the clinical significance of this

marker, considering factors such as clinical tumor staging, tumor

grade, and the type of nCRT protocol, is necessary. The critical

threshold must be established in a large patient cohort and

independently validated in another cohort. Although most

included studies excluded patients with inflammatory diseases or

infections, some excluded patients with immune deficiencies,

rheumatoid arthritis, or those receiving glucocorticoids or

nonsteroidal anti-inflammatory drugs, and the reported PLR may

still be influenced by comorbid noncancerous conditions.
Frontiers in Oncology 09
In conclusion, a high pretreatment PLR is associated with

poorer OS in patients with rectal cancer undergoing curative

resection but not with DFS. This easily accessible and cost-

effective serum biomarker could be a valuable tool in guiding

more personalized treatment decisions.
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