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ABSTRACT
Introduction. Stage IV colorectal cancer presents significant challenges in prognosis and treatment response. 

Reliable biomarkers are critical for predicting outcomes and guiding treatment choices. This study evaluated 

the efficacy of the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) as such biomarkers.

Material and methods. Conducted at a hematology department in Mashhad, Iran, this study involved 105 pa-

tients diagnosed with stage IV colorectal cancer. Participants underwent complete blood count analysis before 

chemotherapy to determine the NLR and PLR. Clinical information was collected, including tumor size, location, 

and KRAS/NRAS/CEA levels. Post-treatment categorization followed the RECIST guidelines.

Results. Median values for the NLR and PLR were 4.8 and 169.0, respectively. A higher NLR and PLR were signifi-

cantly associated with progressive disease post-treatment. ROC analysis demonstrated the prognostic accuracy 

of the NLR (AUC 0.95) and PLR (AUC 0.90) at specific cutoffs. These markers also showed predictive accuracy for 

treatment response. Correlation analysis indicated a strong positive correlation between initial and post-treatment 

CEA levels and both the NLR and PLR.

Conclusions. The NLR and PLR are significant predictors of clinical outcomes in stage IV colorectal cancer, with 

potential utility in routine clinical practice for prognosis and treatment response prediction. Their high sensitivity 

and specificity suggest a role in guiding clinical decision-making. Further research is needed to refine their ap-

plication in CRC management.
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Introduction 

Colorectal cancer presents a major challenge in 
public health, evidenced by rising cases and deaths [1]. 
Patients with stage IV colorectal cancer often have 
a difficult prognosis because of the increased risk of 
local recurrence and the spread of the disease [2]. 

Consequently, there is a critical need for dependable 
biomarkers that can accurately predict outcomes and as-
sist in making informed treatment choices [3].

The role of systemic inflammation in the advance-
ment of cancer, especially colorectal cancer, has 
been recognized [4]. Markers based on inflamma-
tion, including the Glasgow prognostic score (GPS), 
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neutrophil-to-lymphocyte ratio (NLR), and C-reactive 
protein (CRP), are associated with poorer colorectal 
cancer outcomes [5, 6]. Additionally, these indicators 
are useful in forecasting responses to chemotherapy 
and tracking tumor growth in patients with inoperable 
metastatic colorectal cancer [6]. These ratios are easily ob-
tainable from routine blood tests, making them practical 
for clinical use. However, their predictive value in the con-
text of stage IV colorectal cancer (CRC) and in relation 
to treatment response remains insufficiently explored.

The primary objective of this study was to evaluate 
the efficacy of the NLR and PLR as prognostic bio-
markers for clinical outcomes in patients with stage IV 
colorectal cancer.

Material and methods

Study setting

This study was conducted between the years 2022  
and 2023 at a hematology department of a tertiary medi-
cal center in Mashhad, Iran. 

Study participants and data collection

This study involved patients diagnosed with stage IV 
colorectal cancer. Before initiating a chemotherapy regi-
men, these patients underwent complete blood count 
(CBC) analysis to determine the NLR and the PLR. We 
also gathered pertinent clinical information from their 
medical records, including the size and location of the tu-
mor, levels of KRAS, NRAS, and carcinoembryonic 
antigen (CEA) markers, along with demographic de-
tails. Following the completion of treatment, the patients 
were classified into one of four categories — complete 
response, partial response, stable disease, or progressive 
disease — following the Response Evaluation Criteria 
in Solid Tumors (RECIST) [7] guidelines.

Inclusion and exclusion criteria

The inclusion criteria were patients diagnosed with 
stage IV colorectal cancer, aged over 18 years, with no 
prior chemotherapy for stage IV disease. The exclusion 
criteria included active urinary infection, leukocytosis, 
leukopenia, diabetes, chronic kidney disorder, nephrotic 
syndrome not caused by diabetes, steroid use for any 
reason, chronic cardiac, liver, and kidney diseases, 
and autoimmune diseases.

Statistics 

The quantitative data were presented as medians 
(P25, P75). The associations between various quantita-
tive variables with the NLR and PLR were assessed using 

the Spearman test (due to the non-normal distribution 
of the quantitative variables). The Kruskal-Wallis test 
was employed for comparing the medians of the NLR 
and PLR in qualitative variables with more than two 
categories. Receiver operating characteristic (ROC) 
analysis was used to determine cutoff points for both 
variables. A p-value of < 0.05 was considered statisti-
cally significant. Data analysis was performed using the  
‘gtsummary’ package in R and SPSS version 26.

Ethical considerations

Patient information was anonymized and coded 
during collection, analysis, and reporting to ensure confi-
dentiality. The study protocol was approved by the Ethics 
Committee of the Mashhad University of Medical 
Sciences (IR.MUMS.MEDICAL.REC.1402.362).

Results

Clinical characteristics

In this study, we evaluated 105 patients diagnosed 
with stage IV colorectal cancer at a median age of 
60 years (51–67 years). The group demonstrated median 
values of the NLR 4.8 (3.10–7.5) and PLR 169.0 (131.00–
–199.0). The distribution of tumor locations in patients 
showed a higher prevalence in the sigmoid colon (30 pa-
tients, 29%), followed closely by the ascending colon 
(25 patients, 24%) and the rectum (24 patients, 23%). 
The least prevalent location was the transverse colon, 
accounting for 3 patients (2.9%) (Tab. 1). 

KRAS mutations were present in nearly half of the pa-
tients, with 55 patients (52%) having wild-type KRAS 
and 50 patients (48%) showing KRAS mutations. For 
NRAS, a similar pattern was observed. The wild-type NRAS  
were found in 59 patients (56%), whereas 46 patients 
(44%) had NRAS mutations (Tab. 1).

The post-treatment outcomes varied in the cohort. 
The largest group included patients with progressive 
disease, accounting for 37 patients (35%). Partial re-
sponse to treatment was observed in 26 patients (25%), 
while stable disease was noted in 21 patients (20%). 
Additionally, 21 patients (20%) achieved a complete 
response to the treatment (Tab. 1).

Comparative analysis of the NLR and PLR 
in relation to clinical variables and treatment 
response

When comparing the mean NLR and PLR across 
different tumor locations (sigmoid, ascending, rec-
tum, descending, cecum, rectosigmoid, transvers), 
and the KRAS and NRAS mutation status, no statisti-
cally significant differences were observed (p > 0.05). 
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Table 1. Patient characteristics

Variable N = 1051

Age [years] 60.0  
(51.00–67.0)

Tumor location

 Sigmoid colon

 Ascending colon

 Rectum 

 Descending colon

 Cecum 

 Rectosigmoid junction

 Transverse colon

30 (29%)

25 (24%)

24 (23%)

10 (9.5%)

7 (6.7%)

6 (5.7%)

3 (2.9%)

Pre-treatment CEA Level [ng/mL] 44.0 (7.00–180.0)

Post-treatment CEA Level [ng/mL] 8.0 (2.10–71.0)

KRAS mutation status

 Wild type

 Mutant

55 (52%)

50 (48%)

NRAS mutation status

 Wild type

 Mutant

59 (56%)

46 (44%)

Clinical outcome

 Progressive

 Partial response

 Complete response

 Stable

37 (35%)

26 (25%)

21 (20%)

21 (20%)

Outcome categorial

 Non-responsive 

 Responsive 

58 (55%)

47 (45%)

1Median [interquartile range (IQR)] or frequency (%); CEA — carcinoem-
bryonic antigen

0
2
4
6
8

10
12

N
LR

Independent-samples Kruskal-Wallis test

Pr
og

re
ss

iv
e 

St
ab

le
 

Pa
rt

ia
l 

re
sp

on
se

Co
m

pl
et

e 
re

sp
on

se
 

Outcome

A

0
100
200
300
400
500
600

PL
R

Independent-samples Kruskal-Wallis test

Pr
og

re
ss

iv
e 

St
ab

le
 

Pa
rt

ia
l 

re
sp

on
se

Co
m

pl
et

e 
re

sp
on

se
 

Outcome

B

*

Figure 1. Distribution of the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) vs. treatment outcomes 
[Response Evaluation Criteria in Solid Tumors (RECIST)]; A. Comparison of the NLR across various RECIST criteria; B. Comparison 
of the PLR across various RECIST criteria

However, a significant difference in the NLR and PLR 
was noted in relation to treatment outcomes. Patients 
with progressive disease exhibited a notably higher NLR 
[8.1 (7.20–9.0)] compared to those with partial response 
[4.1 (3.20–5.1)], stable disease [4.4 (3.00–6.1)], or complete 
response [3.1 (1.80–4.1)] (p < 0.01). Also, patients with 
progressive disease had the highest PLR [200.5 (185.00– 
–324.0)], significantly different from those in other response 
categories including partial response [135.0 (121.00– 
–150.8)], stable disease [159.0 (121.00–179.0)], or complete 
response [132.0 (121.00–150.0)] (p < 0.01) (Fig. 1).

In addition to the comparative analysis of the NLR 
and PLR, we also performed correlation analysis to 
understand the relationships between these biomark-
ers and various clinical variables, including initial 
and post-treatment CEA levels and patient age.

The correlation analysis indicated a strong positive 
correlation between initial CEA levels and the NLR 
(r² = 0.71, p < 0.01). Similar findings were observed 
between initial CEA levels and the PLR (r² = 0.618, 
p < 0.01). Post-treatment CEA levels also showed 
a strong positive correlation with the NLR (r² = 0.72, 
p < 0.01) and PLR (r² = 0.63, p < 0.01). 

The correlation between patient age and the NLR 
was relatively weak and not statistically significant 
(r² = 0.14, p = 0.13). Similarly, the correlation between 
age and the PLR was weak and not statistically signifi-
cant (r² = 0.11, p = 0.23). 

ROC analysis

The NLR demonstrated significant predictive ac-
curacy for prognosis with an area under curve (AUC) 
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Figure 2. Diagnostic accuracy of neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and carcinoembryonic 
antigen (CEA) in predicting prognosis and treatment response in colorectal cancer; A. Focuses on the prognostic value of NLR, 
PLR, and CEA, displaying for prognosis; B. Focuses on the prognostic value of NLR, PLR, and CEA, displaying for treatment 
response; ROC — receiver operating characteristic
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Table 2. Diagnostic accuracy of biomarkers in prognosis and treatment response

Biomarker Outcome Cutoff Value AUC Sensitivity [%] Specificity [%] p-value

NLR Prognosis 6.05 0.95 94 86 < 0.01

PLR Prognosis 164 0.90 100 75 < 0.01

CEA Prognosis 90.5 0.85 85 70 < 0.01

NLR Treatment Response 5.45 0.84 91 75 < 0.01

PLR Treatment Response 155 0.80 80 84 < 0.01

CEA Treatment Response 84.5 0.82 91 60 < 0.01

CEA — carcinoembryonic antigen; NLR — neutrophil-to-lymphocyte ratio; PLR — platelet-to-lymphocyte ratio

of 0.95 at a cutoff of 6.05. Platelet-to-lymphocyte ratio 
also showed high diagnostic utility with an AUC of 
0.90 at a cutoff of 164. CEA, at a cutoff of 90.5, exhibited 
moderate prognostic predictive ability with an AUC of 
0.85 (Tab. 2, Fig. 2).

In predicting treatment response, the NLR with 
a cutoff of 5.45 had an AUC of 0.84, indicating substan-
tial accuracy. The PLR had an AUC of 0.80 at a cutoff 
of 155, demonstrating good predictive value. The initial 
level of CEA at a cutoff of 84.5 showed an AUC of 
0.82 (Tab. 2, Fig. 2).

Discussion 

Our study evaluated 105 patients with metastatic 
colon cancer, focusing on the prognostic and treatment 
response prediction capabilities of the NLR and PLR. 
The median age was 60.0 years, with a median NLR of 
4.8 and a PLR of 169.0. Our findings show that both 
NLR and PLR are significant predictors of clinical 

outcomes in metastatic colon cancer. Notably, an NLR 
cutoff of 6.05 demonstrated high sensitivity (94%) 
and specificity (86%), while a PLR cutoff of 164 showed 
sensitivity of 100% and specificity of 75%.

Our findings corroborate those of Chan et al. [8] 
and Li et al. [9], who also recognized the NLR as a reli-
able predictor of overall survival (OS) and disease-free 
survival (DFS) in CRC patients. Jiang et al. [10] 
found that a higher NLR (> 3.0) was associated with 
worse OS in CRC patients, which aligns with our find-
ings. Similarly, Kim et al. [11] suggested that higher 
NLR and PLR values are independent predictors of 
long-term outcomes in advanced CRC stages. These 
studies underscore the utility of the NLR and PLR as 
prognostic markers in CRC, even though variations in 
optimal cutoff values across the studies are noteworthy. 
Ying and Choi [12, 13] found NLR to be a better prog-
nostic predictor than derived neutrophil-to-lymphocyte 
ratio (dNLR), PLR, and lymphocyte-to-monocyte ratio 
(LMR) in CRC although the reasons for the NLR’s 
superiority over other inflammatory markers remain 



5

Abolghasem Allahyari et al., NLR and PLR as prognostic marker in stage IV colorectal cancer

unclear. This further supports the NLR’s role in reflect-
ing pre-operative inflammatory and immune status in 
CRC patients.

In comparison with similar studies, the prognostic 
value of the PLR in CRC has been extensively studied, 
yielding varied but informative results. Pedrazzani et al. 
conducted a study on 603 CRC patients, demonstrating 
that an elevated platelet count (> 350 × 109/L) could be 
a reliable predictor of poor OS. Similarly, Ishizuka found 
that platelet counts > 300 × 109/L were associated with 
a poor prognosis in CRC patients in all stages [14, 15].

These findings align with the broader understanding 
that a high PLR, indicative of increased platelet counts 
and decreased lymphocyte counts, correlates with 
poorer prognosis in CRC patients. This is further cor-
roborated by studies suggesting a relationship between 
thrombocytosis (high PLR) and systemic inflammation 
due to cancer, with thrombosis potentially indicating 
systemic inflammatory activity and tumor presence [16].

Zou et al. [17] found an AUC for the PLR of 0.69 at 
a cutoff of 246.36, associating a high PLR with larger 
tumor diameter, higher tumor classification (T classifica-
tion), and worse 5-year OS rates compared to patients 
with a lower PLR (≤ 246.36). Acikgoz [16] explored 
the prognostic value of the PLR and its relationship 
with tumor location in 229 CRC patients, determin-
ing an AUC of 0.69 for a PLR cutoff of 196.5, with 
significant correlations between a high PLR and BRAF 
mutations, treatment response, tumor location, and tu-
mor progression.

Jia et al.’s [18] univariate analysis showed that, unlike 
the NLR, the PLR was associated with OS and DFS in 
CRC patients, suggesting greater prognostic significance 
of high PLR values (> 154.31) especially in patients 
receiving neoadjuvant chemotherapy (NAC).

Recent studies indicate that combining inflammatory 
parameters and tumor markers provides a high diagnos-
tic value in invasive tumors. Peng et al., after a compara-
tive analysis of ROC curves, showed that the diagnostic 
efficiency of combining the NLR and PLR (AUC = 0.83) 
was significantly higher than that of either the NLR or 
PLR alone, or CEA alone, and even higher than any 
combination of two of these three biomarkers [19, 20].

Our emphasis on metastatic colon cancer adds 
to the existing literature by specifically addressing 
the prognostic relevance of the NLR and PLR in this 
subgroup. The consistent findings across studies high-
light the potential of these markers in guiding clinical 
decision-making and stratifying patient risk.

The high sensitivity and specificity of NLR and PLR 
in our study suggest their potential role in routine clinical 
practice for prognosis and treatment response prediction 
in metastatic colon cancer. The association of higher 
NLR and PLR values with worse prognoses could reflect 
underlying systemic inflammatory responses.

Interestingly, our study, along with others, indicates 
that the predictive power of these markers may vary 
depending on cancer stage and patient demographics, 
suggesting a tailored approach to their application. 
This aspect underscores the necessity for clinicians to 
consider stage-specific cutoffs and patient characteristics 
when interpreting NLR and PLR values.

While our study contributes valuable insights, it 
is essential to acknowledge its limitations. The rela-
tively small sample size may limit the generalizability 
of the findings. Additionally, as with all observational 
studies, the potential for confounding factors cannot be 
entirely ruled out.

Conclusions

In conclusion, our study underscores the prognos-
tic significance of the NLR and PLR in patients with 
metastatic colon cancer. These easily obtainable mark-
ers could serve as valuable tools in predicting patient 
outcomes and tailoring treatment strategies. However, 
further research is warranted to refine their application 
and understand their role within the broader context of 
CRC management.
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