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Abstract: The link between inflammation and cancer is still an attractive subject of many studies because systemic inflammatory
response has been proven to play a pivotal role in cancer progression and metastasis. The strongest relationship between chronic
inflammation and cancer development is observed in colorectal cancer (CRC). The evaluation of ratios derived from the routinely
performed inflammatory biomarkers shows limited performances and limited clinical utility when individually used as prognostic
factors for patients with CRC. In this review, we would like to summarize the latest knowledge about the diagnostic utility of systemic
inflammatory ratios: neutrophil/lymphocyte (NLR), lymphocyte/monocyte (LMR), and platelet/lymphocyte (PLR) in CRC. We
focused on the papers that assessed the diagnostic utility of blood cell parameters on the basis of the area under the ROC curve
published in the recent 6 years. Identification of biomarkers that are significantly associated with prognostic in cancer would help the
selection of patients with a high risk of poor outcomes.
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Introduction

Colorectal cancer (CRC) is the third most common cancer in men and women in the world (according to 2018 statistics
by the World Cancer Research Found), despite significant advances in diagnosis and treatment. They account for 11% of
all diagnosed cancers.'”” In recent years, CRC incidence has been increasing in developed countries, with the highest
prevalence observed in Australia, and New Zealand, as well as in Western Europe. The lowest incidence is observed in
Africa and South-Central Asia.’

In spite of systemic improvement, the prognosis of affected patients, due to local recurrences or metastasis, is still
a cause for concern in many countries. The 5-year survival rate is approximately 65% in Australia, Canada, the United
States, and Western Europe. According to the Polish National Cancer Registry, the 5-year survival rate among patients
with colorectal cancer in the first decade of the 21st century has increased slightly: in men from 43.3% to 47.6%, and in
women from 44.1% to 49, 1%.® That is why it is so important to understand the key molecular elements leading to
malignant invasion and metastasis, as well as to identify effective diagnostic and prognostic biomarkers.>*

The link between inflammation and the development of neoplastic diseases continues to be the subject of many
studies. The first evidence of the involvement of chronic inflammation in the development of a neoplastic disease was
provided by the works of the French surgeon Jean Nicholas Marjolin, who in 1828 observed the development of
squamous cell carcinoma around an open wound accompanied by chronic inflammation.’ -6
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Up to 25% of cancers are thought to be linked to chronic inflammation, whether caused by chemical or physical
factors, or by infections.” The strongest relationship between chronic inflammation and cancer is observed in inflamma-
tory diseases of the large intestine, ie ulcerative colitis (colitis ulcerosa) and Crohn’s disease.® Their occurrence increases
the risk of colorectal cancer up to 10 times.” In contrast, tumors that do not arise from inflammation are characterized by
the presence of inflammatory cells and mediators. In this case, inflammation is the result of tumor growth.

Tumor-Associated Cells

Tumors are not solely made out of mutant cells. The tumor microenvironment consists of numerous cells, for instance, the
tumor stroma contains fibroblasts, endothelial cells, pericytes and mesenchymal cells among others.'® These cells produce
pro-inflammatory cytokines (IL-1, —6, =8, —10, —17, =23, TNF-0, TGF-f) and chemokines (CCL2, CXCL8, CCL11) that
attract immune cells such as macrophages, neutrophils, mast cells, dendritic cells, T and B lymphocytes, and natural killer
(NK) cells. Leukocytes may constitute up to 50% of the total tumor mass.'''? They all constitute the so-called tumor-
associated systemic inflammatory response (SIR) — pivotal elements of tumor progression and can lead to the formation of
micro-metastasis lesions. SIR is also associated with patient’s cachexia and malnutrition which all together can promote tumor
progression.'* Homeostasis is maintained through the interaction of all cell types. Tumor growth is increased when mutated
cells use their ability to communicate directly or by producing various mediators, which promotes their survival. Excessive

and chronically produced pro-inflammatory mediators contribute to the promotion and progression of the tumor.'*""”

Inflammation-Related Biomarkers
The search for new biomarkers, useful in diagnostics and prognostic terms, is still an attractive research topic in
neoplastic diseases. Moreover, the relationship between inflammation and tumors is still an attractive subject and is
pivotal for micro-metastasis lesions. SIR can cause cachexia and aggravate patients’ malnutrition, which promote and
favor tumor progression.'®

As neutrophils, lymphocytes, monocytes, and platelets play a key role in tumor-induced SIR,'? their quantification may
provide an indicator of SIR in cancer patients. Blood morphology, due to its low cost and availability, is one of the most
frequently performed routine laboratory tests. It provides a great deal of information about the quantitative composition of
the major blood cells. It provides the basic parameters describing the population of leukocytes, erythrocytes, and platelets. It
also makes the separation of leukocytes into individual fractions possible. Neutrophil-to-lymphocyte ratio (NLR), lym-
phocyte-to-monocyte ratio (LMR), and platelet-to-lymphocyte ratio (PLR) are closely correlated with systemic inflamma-
tion and are promising biomarkers not only in systemic diseases such as SLA (systemic lupus erythematosus) or RA
(theumatoid arthritis),>® % but also in acute coronary syndrome,* type 1 diabetes®* and more recently in patients suffering
from Covid-19.>*?° These markers are used also as prognostic biomarkers in various malignancies, including esophageal,*®
lung cancer,”” head and neck,?® breast cancer,?’ and colorectal cancer.>°

These indicators reflect the interaction taking place between cancer cells and cells of the immune system (Figure 1). It has
been found that NLR and PLR reflect the size and stage of cancer and can be used for early diagnosis and prognosis in patients
affected by CRC.*! Conversely, lymphocytes play mainly an anti-tumor defense role. They induce cytotoxic cell death and
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Figure | Inflammation-related parameters can be divided into two groups: the down-regulation variable — lymphocytes, and the up-regulation variable — neutrophils,
platelets and monocytes. The combination of both can be used as a marker reflecting the inflammatory response in the course of cancer. Data from Ciocan et al.>*
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produce cytokines that inhibit cancer cell proliferation and metastatic activity.’* Studies have shown that LMR is capable of
providing valuable information on the diagnosis and prognosis of colorectal cancer as it reflects the degree of tumor
differentiation and metastasis.”> Lymphocytes inhibit tumor growth and spread, in contrast to neutrophils and platelets,
which have the ability to change their anti-neoplastic phenotype into a pro-carcinogenic and pro-metastatic phenotype.**

Thus far, there is disagreement as to which inflammatory biomarkers are the most clinically useful and offer the best
prognostic indicators for CRC. The best combination of biomarkers and the optimal cut-off value may vary depending on the
type of cancer. Moreover, anti-neoplastic therapy may influence the state of systemic inflammation in various ways. Some of
the biomarkers have high prognostic value for a variety of cancer types.>> According to Herold et al retrospective study,
abnormal LMR and NLR are associated with shorter overall and progression free survival times in CRC patients.*®

In our study, we review the available literature about diagnostic significance of NLR, LMR, and PLR as the inflammation-
biomarkers in colorectal cancer, on the basis of the area under the ROC curve published in the recent 6 years.

Neutrophile-to-Lymphocyte Ratio (NLR)

Neutrophils constitute the major component of the leukocyte population. They secrete cytokines, chemokines, and
enzymes including neutrophil elastase, matrix metalloprotein 9 (MMP9), and vascular endothelial growth factor
(VEGF). Regularly observed higher neutrophil numbers are involved in remodeling the extracellular matrix, which
promotes angiogenesis and contributes to tumor development.”’** Lymphocytes, in turn, constitute an important
component of the host’s immune system and can attack cancer cells, and infiltration of these cells on the tumor is
considered to be an anti-neoplastic immune response correlated with improved survival.*>*' Lymphopenia is often
observed in advanced stages of cancer and may result in a weak and insufficient immunological response. Earlier reports
have indicated that a decrease in the number of serum lymphocytes has a negative impact on the prognosis of CRC
patients and can accelerate the development and progression of tumor cells.*> ¢

The neutrophil-lymphocyte ratio (NLR) is one of the most promising biomarkers in the prognosis in several types of
cancer, including CRC. Several studies have proposed various cut-offs for NLR for OS (overall survival).***’ The normal
value of NLR in healthy people is around 1-3, but more recent reports by Forget et al*® reported the NLR value for the healthy
adult population (21-66 years; mean age 38 years) between 0.78-3.53 (mean NLR value 1.65 + 1.96). In CRC the most
common cut-off value of NLR was from 2 to 5. The higher NLR usually is associated with poor prognosis in CRC patients.*

Chan et al*® analyzed the results of 2280 patients with CRC who had undergone tumor resection and found that the
combination of preoperative and postoperative NLR was a significant predictor of OS. Patients with high pre- and postoperative
NLR (> 3.75) exhibited the worst OS, while those with low pre- and postoperative NLR (<3.75) exhibited the best OS.

The potential prognostic role of NLR concerning colorectal cancer remains controversial depending on tumor staging
(TNM). However, the authors showed similar cut-off values regardless of tumor stage. Li et al*’ conducted studies on
a large group of patients suffering from colorectal cancer (n = 5336) after surgical resection in stage I-III and found that
NLR with cut-off > 2.72 was an independent predictor of overall survival (OS) and disease-free survival (DFS). Jiang

et al>®

divided 684 CRC patients with stage II-1II according to NLR cut-off, which was obtained by use of receiver-
operating characteristic (ROC) curve. The optimal cut-off was 3.0. The higher NLR patients (> 3.0) were older, and also
a presented higher ratio of colonic cancer and stage 111, than patients with lower NLR (<3.0). The 5-year OS rates of high
NLR and low NLR patients were 59.6% and 73.2% respectively (p = 0.001). Multivariate analysis revealed that older age
(> 65 years), poor differentiation grade, high TNM stage and higher NLR were independent risk factors of prognosis for
patients with locally advanced colorectal cancer (LACRC). Similarly, Kim et al’** conducted a retrospective study
involving 1868 CRC patients who showed that NLR at cut-off > 3.0 and PLR >160 were independent prognostic factors
in predicting long-term outcomes in patients with stage III and IV CRC, however, not in stage I and II CRC. The authors
suggest, that the assessment of NLR and PLR should be interpreted depending on tumor stage CRC and it should be
taken under consideration during the planning of treatment strategy. It appears that increased NLR or PLR are associated
with relative reduction in lymphocytes and lymphocyte-mediated immune response, which plays a crucial role in
cytotoxic cell death. The cut-off of NLR was 3.0 (sensitivity 51% and specificity 62%) and for PLR 160 (sensitivity
53% and specificity 55%). Although the sensitivity and specificity were rather low, the NLR and PLR values were
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relatively reliable due to the large number of patients qualified for the study. The authors observed that with later stages
of CRC and patients’ older age, higher NLR and thus worse OS occurred.*’

Research conducted by Ying et al” and Choi et al®' is convergent and demonstrated that NLR was superior in
comparison to dNLR (derived neutrophil-to-lymphocyte ratio), PLR, and LMR as a prognostic predictor in CRC. The
reason why NLR was superior to other inflammatory markers as a prognostic biomarker in CRC remains unclear. Also,
Chen et al’? investigated the prognostic value of NLR in patients suffering from colorectal cancer. The authors divided
the patients into two groups due to cut-off for high NLR group > 2.03 and low NLR group <2.03 (AUC was 0.650). They
concluded, that the survival rate of low NLR was significantly higher than of the high NLR group. NLR can reflect the
preoperative inflammation and immune status of CRC patients.

Several recent studies assessed the prognostic value of NLR in CRC patients by means of ROC/AUC analysis
(Table 1, Figure 2A) The results are inconsistent. Some authors reported NLR as a satisfactory test for differentiation
between healthy and unhealthy patients, but others report it as unreliable.

Zou et al*® conducted a retrospective study on 216 patients with CRC and found an AUC for NLR of 0.748 with
a high cut-off 4.98. The results demonstrated that the risk of developing CRC was increased in patients with high NLR
compared to patients with high PLR. High NLR and PLR were associated with poor tumor differentiation and a larger
tumor diameter, respectively (P<0.05). In addition, patients with high NLR (>4.98) had a significantly worse 5-year OS
rate in comparison to patients with low NLR.

A similar result was obtained by Xia et al’® reported an AUC of 0.711, with a cut-off value of 2.8, with low
sensitivity (53.0%) and high specificity (84.0%). Patients with high NLR exhibited a worse 3-year OS rate than patients
with low NLR (p <0.001).

Ming-Sheng et al>* performed univariate and multivariate analyses to assess independent predictors of survival. Patients
were divided into two groups based on the optimal cut-off value: low NLR <3.03 and high NLR > 3.03. They demonstrated

Table | Diagnostic Utility of Neutrophile-Lymphocyte Ratio (NLR) in Colorectal Cancer (CRC) Patients

Year No. of Patients | AUC | Sensitivity | Specificity | Cut-Off Outcome Reference
2022 330 0.578 56.9% 61.3% 3.03 CRC survival Ming-Sheng et al*®
2022 835 0.614 68.29% 50.65% 2.93 Survival Herold et al*®
2021 1688 0.593 - 61.8% 4.00 Death Ciocan et al**

0.578 - - 3.10 T stage
2021 268 0.358 40.8% 40.1% 3.70 CRC stage Turhan et al®®
2021 92 0.650 0.650% 0.341% 2.03 oS Chen et al®®
2021 145 0.714 67.5% 70.6% 3.0l Survival Jia et al’
2020 154 0.711 53% 84% 2.8 os Xia et al*®
2020 957 0.599 - - 2.24 os Li et al
2019 664 0.723 69.13% 65.21% 1.81 Diagnostic efficiency Li et a®'

87 0.787 71.26% 70.11% 1.8l

2018 167 0.692 67.6% 65.6% >3 Tumor diameter >5cm Kostakis et al*?

0.830 722% 84.5% 24 T4 tumor

0.740 73.7% 63.3% >3 MI stage
2018 354 0.659 - - 3 oS Li et al®'
2017 1868 0.569 51% 62% 3.0 oS Kim et al*’

Abbreviations: AUC, area under the curve; OS, overall survival.
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A Author(s), Year Weight AUC [95% CI]
Ming-Sheng et al., 2022 ; —a.— 15.30% 0.58[0.52, 0.64]
Herold et al., 2022 —— 17.73% 0.61[0.56, 0.67]
Ciocan et al., 2021 —— 8.00% 0.59[0.50, 0.68]
Chen et al., 2021 - 4.89% 0.65][0.53, 0.77]
Jia et al., 2021 0.65% 0.71[0.39, 1.04]
Xia et al., 2020 = - 4.27% 0.71]0.59, 0.84]
Li et al., 2020 — 12.96% 0.60[0.53, 0.67]
Lietal.,, 2018 —_— 6.02% 0.66 [0.55, 0.76]
Kim et al., 2017 —— 30.18% 0.57 [0.53, 0.61]
Random effects model e 100.00% 0.60[0.57, 0.63]
Equal effects model - 0.60[0.57, 0.62]

[ T T T T T T 1
030 040 050 060 070 080 0.9 1.00 1.10
Observed AUC

B Author(s), Year Weight AUC [95% CI]
Herold et al., 2022 —— 24.45% 0.60 [0.55, 0.66]
Ciocan et al., 2021 —_— 20.90% 0.43[0.34,0.52]
Lietal., 2020 —— 23.28% 0.61[0.55, 0.68]
Xia et al., 2020 - 17.03% 0.68[0.55, 0.81]
Shibutani et al., 2017 14.34% 0.69 [0.53, 0.85]
Random effects model e — 100.00% 0.59 [0.51, 0.68]
Equal effects model : —— 0.59 [0.55, 0.62]

| I | T I T 1
0.30 0.40 0.50 0.60 0.70 0.80 0.90
Observed AUC
C Author(s , Year Weight AUC [95% CI
(s) g [ 1
Ming-Sheng et al., 2022 o 14.04% 0.58[0.52, 0.65]
Herold et al., 2022 —— 23.48% 0.55[0.51,0.58]
Acikgoz et al., 2021 ' 5.93% 0.69[0.58, 0.80]
Ciocan et al., 2021 8.00% 0.54[0.45, 0.63]
Jia et al., 2021 417% 0.64[0.51,0.78]
Xia et al., 2020 6.29% 0.64[0.53, 0.75]
Lietal., 2020 ——— 12.92% 0.61[0.55, 0.68]
Kim et al., 2017 —— 25.18% 0.56 [0.52, 0.59]
Random effects model o — 100.00% 0.58 [0.55, 0.61]
Equal effects model - 0.57 [0.55, 0.59]
[ I I I | 1
0.40 0.50 0.60 0.70 0.80 0.90
Observed AUC

Figure 2 (A—C) Forest plot of AUC (area under the ROC curves) for: (A) NLR (neutrophile-to-lymphocyte ratio), (B) LMR (lymphocyte-to-monocyte ratio), and (C) PLR
(platelet-to-lymphocyte ratio) predicting overall survival (OS). Random-effects and equal-effects (fixed-effects) meta-analysis models used to estimate pooled effects.
Prediction interval shown as whiskers for random-effects estimate.
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that the risk of death in the group with high NLR was 1.38 times higher than in the group with low NLR (p = 0.112). In
addition, high NLR significantly influenced the survival of patients in CRC stages I-II and is an independent risk factor for
poor prognosis in these patients.

Kim et al*” decided to divide the patients depending on the cut-off in a similar fashion (NLR > 3.0 and NLR <3.0).
The OS of patients with low NLR was better than that of patients with high NLR (p <0.001). However, in a multivariate
analysis, they observed that in patients at stage I and II CRC, NLR was not a significant factor influencing long-term
treatment outcomes, and in patients at stage III and IV CRC, high NLR was a significant prognostic factor influencing
long-term prognosis. In patients at stage III and IV CRC, high NLR was an independent factor influencing OS (HR =
1.44, 95% CI: 1.14-1.83, P = 0.003).*°

NLR is a systemic inflammatory response (SIR) biomarker. Numerous studies have proven that NLR is a cheap and
easy-to-obtain parameter that can be used as a significant predictor of survival in patients suffering from CRC. This may
help direct the benefits of adjuvant therapy, despite the fact that it may be applied to different patient populations at different
stages of the disease. Furthermore, most studies chose the cut-off of 2.81°°°* which may help with faster calculation of the
potential biomarker associated with poor prognosis in CRC. The univariate analysis showed that NLR was related to the
postoperative and chemotherapy prognosis and can be used as a predictor of death.>* NLR also correlated with age, sex,
location, death, T stage, N and M stage of CRC. On the other hand, some authors indicate that evaluation NLR and other
ratios derived from morphology, show limited performance and clinical utility upon the ROC analysis.>*

Based on the literature available in recent years, the mean AUC value for NLR was 0.742, cut-off = 3.31, while
sensitivity = 63.03%, and specificity = 62.55%, and these values differed depending on the tumor stage, metastasis, or OS
prognosis.

Lymphocyte-to-Monocyte-Ratio (LMR)
In the tumor microenvironment, monocytes may have different functions at different stages of tumor growth and
progression.>”** Pro-inflammatory cytokines such as tumor necrosis factor alpha (TNF-a) and interleukin 1 (IL-1) secreted
by monocytes are associated with poor prognosis in cancer patients. In the course of neoplastic disease monocytes differentiate
into tumor-associated macrophages (TAMs) and may promote tumor cell death.* On the other hand, they exhibit pro-
cancerous properties, eg suppression of acquired immunity, facilitating angiogenesis, invasion, and migration.®>*® Monocyte
activity in cancer is associated with two phenotypes: M1 and M2. M1 macrophages through, among other methods, the
production of IL-1, =6, —12, TNF-0, ROS and RNI enhance the anti-cancer response.®” Cells with the M2 phenotype produce
IL-12, =23, and IL-10, which contribute to extinguishing the inflammatory process and weakening the anti-cancer immune
response of the body.**%°

Thus, macrophages create a favorable immune microenvironment for the development of cancer and, playing a central role
in it, are a significant drug target in anti-cancer therapy. It follows from the above that decreased LMR may be associated with

poor prognosis in CRC patients®®”

and generally, increased monocytes have been associated with shorter rectal cancer
survival rates.”!

Chan et al’* studied a group of 1623 patients with CRC who underwent therapeutic surgical tumor resection (all
stages) and found that elevated LMR before surgery (> 2.38) is an independent predictor of OS. They established that
LMR is a more reliable predictor of OS in this patient group than NLR and PLR. They also demonstrated that the
proportion of tumors with a high degree of histological malignancy was higher in patients with low LMR than in those
with high LMR, and that tumors with low LMR were more common in the left side of the colon. Similar observations
were presented by Wu et al,’® who studied 8648 patients and also showed that patients with low LMR have worse OS
after treatment. In an analysis of subgroups divided by TNM stage, the prognostic role of LMR was observed for stage
I CRC in comparison to stage III and IV (HR 1.70, 95% CI 1.30-2.23, P <0.001; and HR 1.45, 95% CI 1.06-1.99,
P = 0.021, respectively). The cut-off values ranged from 2.14 to 3.78, therefore the studies were conducted in 2 groups
according to the cut-off value: <3.00 and >3.00. Subgroup analysis showed that low LMR was associated with worse OS
both in the <3.00 (HR 1.60, 95% CI 1.43-1.80) and >3.00 groups (HR 1.47, 95% CI 1.19-1.80, p <0.001). The other
authors proposed LMR as a prognostic factor for metastasis in CRC, but did not prove such clinical reliability as NLR.”

154

Whereas Ciocan et al’” indicated that LMR proved to be an important predictor for T and M stage, independent of age
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and gender. The authors showed lower LMR values in patients with CRC who died (median=3.00) than those who
survived (median=3.55).>*

Several studies have been published, in recent years, that assess the prognostic potential of the LMR ratio in patients
with CRC using the ROC/AUC analysis (Table 2, Figure 2B). The LMR cut-off ranged from 2.13 to 16.210 and varied
depending on the study group, stage, and the presence or absence of metastases. A lower LMR indicates a reduced
number of lymphocytes and an increased number of monocytes, which may indicate active inflammation, in this case
promoting tumor development.

The discrepancies can also be found in the size of the area under the ROC curve. Ciocan et al’* analyzed the results of
1688 patients suffering from CRC, indicating the presence of lower values of LMR with advanced stage (T3 and T4) as
compared to early stage (T1-T2). The authors showed very low, lower than 0.5 AUC values (0.418), with a very high cut-off
0f 16,210. The AUC = 0.634 of LMR indicates significantly lower values among those patients with chemo- or radiotherapy
compared to those without. The AUCs of LMR (0.406) also indicate the existence of significantly lower values among those
with metastasis, as compared to those without metastasis. On the other hand, AUC of LMR supports the existence of lower
values of death (AUC = 0.429; cut-off = 5.465) as compared to living subjects. In this study, the multivariable regression
models showed that NLR and LMR exhibit predictive potential for T stage, independent of patient’s age.>*

Slightly different values for LMR were published by Xia et al.® They enrolled 154 patients with CRC and reported
an AUC value of 0.68, with a cut-off of 3.9, with high sensitivity (73.0%) but low specificity (65.0%). However,
according to the research by Li et al*' LMR exhibits valuable diagnostic utility (AUC = 0.865) in differentiating healthy
people from patients in the early stage of CRC.

The relevant literature from the last 6 years suggests that the mean AUC value for LMR was 0.629 and cut-off = 5.46,
while sensitivity = 67.97%, and specificity = 71.60%. These values differed depending on the tumor stage, tumor
diameter, and OS prognosis.

Platelet-to-Lymphocyte-Ratio (PLR)

Blood platelets are one of the first cells to accumulate at the site of damage and by locally releasing the content of their
granules, they initiate what is known as an inflammatory cascade. Together with other immunologically competent cells,
they form the so-called “tumor microenvironment”. Thrombocytosis, a platelet count (PLT) > 450,000/uL, is often
observed in patients with solid tumors and chronic inflammation, and in combination with increased activation, it may

Table 2 Diagnostic Utility of Lymphocyte-Monocyte Ratio (LMR) in Colorectal Cancer (CRC) Patients

Year No. of Patients | AUC | Sensitivity | Specificity | Cut-Off Outcome Reference
2022 835 0.601 59.46% 57.23% 3.22 Survival Herold et al*®
2021 1688 0.429 - - 5.46 Death Ciocan et al**
0.418 - - 16.21 T stage
0.406 - - 12.99 M stage
2020 957 0.614 - - 3.66 os Li et al”
2020 154 0.68 73.0% 65.0% 39 os Xia et al*®
2019 664 0.800 72.89% 73.80% 46l Diagnostic efficiency Li et a®'
87 0.865 89.66% 74.71% 46l
2018 167 0.656 50% 80.9% <2.285 | Tumor diameter >5cm | Kostakis et al*>
0.764 66.7% 86.4% <2.13 T4 tumor
2017 189 0.694 64.1% 63.2% 48 os Shibutani et al’*

Abbreviations: AUC, area under the curve; OS, overall survival.
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result in an increased risk of thrombosis.””””’ An elevated platelet count is a negative predictor of survival in several
cancers, including CRC.”® Thrombocytosis is not only an epiphenomenon of malignancy, but rather, a paraneoplastic
abnormality.”® This increase can develop for several reasons, such as bleeding from the tumor-reactive thrombocytosis or
metabolic changes caused by the tumor itself, called paraneoplastic thrombocytosis.*

The way platelets interact with tumor cells is complex. In the tumor microenvironment, platelets promote angiogen-
esis and, consequently, the formation of metastatic foci, eg, by releasing vascular endothelial growth factor (VEGF) and
transforming growth factor beta (TGF-B).*' In turn, platelet-derived growth factor (PDGF) plays an important role in
promoting tumor growth and invasion. In addition, cytokines (IL-1fB) and chemokines: CXCLI1 (B-thromboglobulin),
CXCLA4 (PF4, platelet factor 4), CCL5 (RANTES, regulated upon activation and normal T cell ex- pressed and secreted),
CXCL12 (SDF-1, stromal cell-derived factor-1) produced by platelets may promote the development of cancer-related
inflammation.®""®* Also tumor cells themselves have the ability to alter platelet activity to best manage tumor growth,
proliferation, metastasis, and survival.*®

Paraneoplastic thrombocytosis appears to involve a “positive feedback loop”. Malignant tumors can increase PLT
production, by increasing TPO (thrombopoietin) and interleukin 6 (IL-6) production, leading to secondary (reactive)
thrombocytosis (Lin).”” At the same time, the cancer cells themselves directly or indirectly activate platelets. In turn, an
increased number of activated platelets promotes further tumor growth and metastasis, leading to an even greater
stimulation of the number and level of platelet activity.

Like NLR and LMR, PLR also becomes a useful, although the least researched, predictive marker (Table 3,
Figure 2C). PLR has been shown to be a prognostic factor for ovarian,®* breast,®> or lung cancer.®® The prognostic
value of PLR in patients suffering from CRC is ambiguous.

Pedrazzani et al®® conducted a study on 603 patients with CRC. The authors showed that an increased platelet count
(>350 x 10” /I) may be a significant predictor of poor OS. Similar results were obtained by Ishizuka et al,”” who found
that platelets >300 x 10° /1 were associated with poor prognosis in patients with CRC at all stages.

Table 3 Diagnostic Utility of Platelet to-Lymphocyte Ratio (PLR) in Colorectal Cancer (CRC) Patients

Year No. of Patients | AUC | Sensitivity | Specificity | Cut-Off Outcome Reference
2022 330 0.584 63.2% 51.6% 149.7 CRC survival Ming-Sheng et al*?
2022 835 0.546 - - 67.21 Survival Herold et al®*®
2021 229 0.69 85.0% 65.0% 196.5 oS Acikgoz et al®
2021 1688 0.540 - - 213.51 Death Ciocan et al**

0.531 - - 123.86 T stage
2021 145 0.644 64.3% 67.7% 154.31 Survival Jia et al’
2020 154 0.64 80% 58% 140 oS Xia et al*®
2020 235 0.6l 45.1% 73.45% 135.11 Diagnostic value Mo et al®®
2020 957 0.613 - - 129.25 oS Li et al
2019 664 0.779 57.23% 85.39% 128.03 | Diagnostic efficiency Li et a®'

87 0.850 68.97% 88.51% 128.03

2018 167 0.713 70.6% 66.4% >178 Tumor diameter >5cm Kostakis et al*3

0.796 100% 49.7% >147 T4 tumor

0.630 58.8% 67.4% >154.2 IV stage
2017 1868 0.556 53% 55% 160 oS Kim et al*®

Abbreviations: AUC, area under the curve; OS, overall survival.
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A high PLR reflects both an increase in the platelet count (PLT) and a decrease in the number of lymphocytes, which
is associated with a poor prognosis for the patient. Increased PLT in patients with CRC is associated with poor prognosis
and an increased risk of distant metastasis.®*” Thrombocytosis is related with systemic inflammation due to cancer,
additionally, thrombosis can show systemic inflammatory and tumor activity. However, the assessment of the diagnostic
power of PLR did not show that it is an indicator of high diagnostic utility in colorectal neoplasms.

Zou et al®” found that AUC of PLR is 0.690 with a high cut-off of 246.36. High PLR in patients was associated with
a larger tumor diameter (P <0.05), poor primary tumor classification (T classification) (p = 0.006), and a significantly
worse 5-year OS rate compared to patients with low PLR < 246.36 (34.0 vs 79.2%; P <0.001).

Ackigoz et al®’ investigated the prognostic and predictive value of PLR and the relationship between PLR and tumor
location in 229 patients suffering from CRC. Based on the size of the area under the ROC curve (AUC=0.690), the PLR
cut-off was 196.5 (sensitivity and specificity respectively 85.0% and 65.0%). Logistic regression analysis showed
a significant association between PLR and BRAF mutation, treatment response, tumor location, and tumor progression.
A significantly higher BRAF mutation rate was detected in patients with high PLR (> 196.5) compared to patients with
low PLR (<£196.5). Moreover, PLR was significantly higher in tumors located in the proximal colon than in tumors in the
distal colon. OS and DFS were significantly better in patients with low PLR compared to patients with high PLR.*’

In a large-scale retrospective study of 1868 patients with CRC, Kim et al*’ demonstrated a PLR AUC of 0.556, with
a mean PLR of 200.17 £ 168.96 and a cut-off of 160. Interestingly, the prognosis based on NLR and PLR differed
depending on the stage of the cancer. In contrast, the OS and DFS of patients with stage I and II CRC did not differ
significantly depending on NLR and PLR, as compared to patients with stage III and IV CRC. The performed regression
analysis showed that high PLR (> 160), as well as NLR >3.0 were independent risk factors predicting poor long-term
outcomes in patients with more advanced CRC (stage III and IV) than in patients with stage I and II CRC.

Jia et al in the univariate analysis indicating that PLR, but not NLR, was related to OS and DFS in CRC patients. Also,
high PLR (>154.31) may be of prognostic relevance in CRC patients receiving NAC (neoadjuvant chemotherapy).”’

Similar results were obtained by Xia et al’® AUC = 0.64, with a cut-off value of 140. Patients with stage T1-2 rectal
cancer with high PLR (> 140) had a significantly worse 3-year OS rate than patients with low-low PLR (<140) (p = 0.001).

Recent studies show that the combination of inflammatory parameters and tumor markers has a higher diagnostic
value in malignant tumors.”®”' Peng et al,’* after performing a comparative analysis of the ROC curves, demonstrated
that the diagnostic efficacy of the combination of NLR, PLR, and CEA (AUC = 0.831, 95% CI = 0.807-0.852) for CRC
was not only significantly higher than that of the NLR alone (AUC = 0.755, 95% CI = 0.728-0.780), PLR (AUC = 0.723,
95% CI = 0.696-0.749, P = 0.037) or CEA (AUC = 0.690, 95% CI = 0.662—0.717, P = 0.002), but also higher than any
combination of two of these three biomarkers (p <0.05).

In the summary of the results acquired in the literature available in recent 6. years, the mean AUC value for PLR was
0.648, cut-off = 146.98, while the sensitivity and specificity were 67.83% and 60.65%, respectively. These values varied
depending on the tumor stage, tumor size, metastasis, and OS prognosis.

Conclusion

The most important conclusion from this literature review is the need to develop norms or cut-off points for SIR
biomarkers calculated from CBC (complete blood count) (NLR, LMR, and PLR). In recent years, a growing number of
researchers have been dealing with this topic because these indicators are cheap, easily obtainable, and with a potential
that is not yet fully understood. Further studies therefore, a large prospective multi-center study is recommended, eg
randomized controlled trials (RCT), taking into account larger study populations, more homogeneous in terms of age,
gender, and clinical stage - at different stages of advancement in order to establish values (cut-off) that allow patients to
differentiate with a poor outcome. SIR biomarkers, especially NLR and PLR, also could be useful for evaluating
treatment outcomes and survival. Each of the evaluated ratios possesses prognostic value for certain outcomes con-
sidered, but the reported models need external validation to recommend their utilization in clinical practice. Further
studies to prove their clinical relevance are needed.
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