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SIGNIFICANCE
The counts and ratios of peripheral neutrophils, lymphocytes 
and platelets are readily available and have proven valuable 
in predicting the prognosis of various malignant tumours. 
Our study specifically highlights the significance of these 
markers in primary cutaneous melanoma, where a high ba-
seline neutrophil-to-lymphocyte ratio, platelet-to-lympho-
cyte ratio and monocyte-to-lymphocyte ratio independently 
correlate with a shorter lifespan. By identifying high-risk pa-
tients through these non-invasive measures, clinicians can 
guide interventions and treatment options, potentially en-
hancing patient prognosis and overall quality of life. 
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The prognostic value of the neutrophil-lymphocyte 
ratio, platelet-lymphocyte ratio and monocyte-lym-
phocyte ratio in patients with melanoma has yielded 
controversial results in the literature. A retrospective 
single-centre cohort study was conducted from 1998 
to 2020, including patients diagnosed with invasive 
melanoma. A total of 2,721 patients were included 
in the study. The median follow-up was 8.23 years 
(IQR 4.41–13.25). The median baseline neutrophil- 
lymphocyte ratio, platelet-lymphocyte ratio and 
monocyte-lymphocyte ratio values increased signifi-
cantly (p < 0.001) with the increasing American Joint 
Committee on Cancer stage. The optimal cut-off values 
for neutrophil-lymphocyte ratio, platelet-lymphocyte 
ratio and monocyte-lymphocyte ratio were determi-
ned as 2.1, 184 and 0.2, respectively. In the multiva-
riate analysis, high levels of neutrophil-lymphocyte 
ratio (≥2.1), platelet-lymphocyte ratio (≥184) and 
monocyte-lymphocyteratio(≥0.2)wereindependent-
lyassociatedwithsignificantlyshortermelanoma-spe-
cific survival (neutrophil-lymphocyte ratio: HR 1.30,
95% CI 1.06–1.60, p = 0.013; platelet-lymphocyte 
ratio:HR1.37,95%CI1.06–1.76,p = 0.014; monocyte- 
lymphocyte ratio: HR 1.29, 95% CI 1.05–1.58,
p = 0.015) and overall survival (neutrophil-lymphocyte 
ratio:HR1.39,95%CI1.19–1.64,p < 0.001; platelet- 
lymphocyteratio:HR1.44,95%CI1.19–1.74,p < 0.001; 
monocyte-lymphocyte ratio: HR 1.42, 95% CI
1.21–1.66, p<0.001). High levels of neutrophil- 
lymphocyte ratio and monocyte-lymphocyte ratio 
were also associated with poor relapse-free survival, 
while platelet-lymphocyte ratio was not. In conclu-
sion, baseline neutrophil-lymphocyte ratio, platelet-
lymphocyte ratio and monocyte-lymphocyte ratio 
wereidentifiedasindependentpredictorsfortheprog-
nosis of melanoma. 
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The incidence of melanoma has been increasing 
globally over recent decades, and it remains the 

leading cause of death by skin cancer (1). In the era 
of available targeted therapies and immunotherapy for 
melanoma, identifying useful biomarkers is increasingly 
important as they can improve prognosis and patient 
outcomes. These biomarkers may include laboratory 
parameters, molecular patterns or genetic profiles, 
typically obtained from tumour tissue or peripheral blood 
samples. Despite extensive research efforts, no ideal prog-
nostic biomarker currently exists in the melanoma field. 

In recent years, mounting evidence indicates that 
cancer-related host immune responses play an essential 
role in tumour development, disease progression and 
metastasis in various cancers, including melanoma (2–4). 
As systemic inflammation alters the composition of 
circulating peripheral blood cells, some haematological 
indices can serve as prognostic biomarkers in cancer 
patients. Changes in the peripheral blood cell counts are 
best represented by their ratios, namely, the neutrophil-
to-lymphocyte ratio (NLR), the platelet-to-lymphocyte 
ratio (PLR), and the monocyte-to-lymphocyte ratio 
(MLR). All these ratios have been shown to be valuable 
biomarkers of prognosis in terms of survival in various 
types of cancer, as high values usually correlate with 
worse outcomes (5–7). Moreover, they are easy, fast to 
perform, affordable and readily available.

Recently, a growing body of research indicates that 
elevated baseline NLR, PLR and MLR values are as-
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sociated with decreased melanoma-specific survival 
(MSS), overall survival (OS) and relapse-free survival  
(RFS) in patients with early-stage and advanced  
melanoma (8–12). However, there are also some contra-
dictory results (13–15). Therefore, these haematologic 
markers’ prognostic significance and optimal cut-off 
values still need to be fully elucidated.

The aim of this study was to assess the impact of the 
pre-treatment NLR, PLR and MLR on survival in patients 
with melanoma and to determine optimal cut-off values 
to facilitate their use in clinical practice.

MATERIALS AND METHODS

Study design and patients 

A retrospective cohort study including patients with invasive me-
lanoma at the Hospital Clinic of Barcelona, Spain, was undertaken 
between January 1998 and January 2020. Data were obtained from 
a prospectively collected melanoma database in our institute. This 
database mainly includes patients of Mediterranean origin living in 
the Catalonia region. The 8th edition of the American Joint Com-
mittee on Cancer (AJCC) melanoma staging system was used for 
classifying melanomas, and our institute’s standardized protocol 
was followed in managing the patients (16).

Only patients with biopsy-proven invasive melanoma were in-
cluded in the study. Patients were excluded if no complete blood 
count was available at the time of histopathological diagnosis of 
melanoma. Patients were also excluded if absolute neutrophil 
counts, platelet counts, monocyte counts or lymphocyte counts 
were above twice the upper limit or below twice the lower limit 
of the institutional normal range. 

The study was approved by the Clinical Research Ethics Com-
mittee of the Hospital Clinic of Barcelona (institutional review 
board number HCB/2015/0298). All procedures performed in 
studies involving human participants were in accordance with 
the 1964 Declaration of Helsinki and its later amendments or 
comparable ethical standards. The Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) guidelines 
were followed for conducting and reporting this observational 
study.

Variables and outcomes

Clinicopathological variables included patient age and sex, AJCC 
stage, tumour site, histopathological subtype, Breslow thickness, 
ulceration, mitotic index and regression.

The following blood ratios were calculated: NLR, PLR and LMR. 
These ratios were calculated from absolute blood values as fol-
lows: NLR = absolute neutrophil count (number of neutrophils/µl) 
divided by absolute lymphocyte count (number of neutrophils/µl), 
PLR = absolute platelet count divided by absolute lymphocyte 
count, and LMR = absolute monocyte count divided by absolute 
lymphocyte count. NLR, PLR and LMR were evaluated as inde-
pendent variables.

The primary outcome measure was melanoma-specific survival 
(MSS), defined as the time from diagnosis to the date of death from 
the melanoma or last follow-up. Secondary outcome measures 
were overall survival (OS), recurrence-free survival (RFS) and 
distant metastasis-free survival (DMFS). OS was defined as the 
time from primary melanoma excision to the date of death. RFS 
was defined as the time from the primary melanoma excision to 
the date of the first locoregional or distant metastasis. DMFS was 
defined as the time from primary melanoma excision to the date 
of the first distant metastasis diagnosis.

Statistical analyses

Categorical variables were presented as frequencies and percen-
tages, and continuous variables were presented as median and 
interquartile range (IQR). Pearson’s χ2 test was used for categorical 
variables and trend test for ordinal variables. The Kruskal–Wallis 
method was used to compare continuous independent variables. 
The median follow-up of the cohort was estimated using the 
reverse Kaplan–Meier estimator.

The maximally selected rank statistics from the Maxstat R 
package (version 2.7.3) was used to determine the optimal cut-off 
values for NLR, PLR and MLR. This outcome-based statistical 
method maximizes the log-rank statistics and provides a cut-off 
value that enables optimal separation between groups regarding 
the primary outcome of our study (MSS).

To prevent immortal time bias in the setting of multiple primary 
melanomas, we used worst-case analysis, in which we included 
only the melanoma with the worst pathological characteristics 
(highest Breslow thickness and its corresponding ulceration 
status) for each patient as it was the most likely to be associated 
with MSS.

Survival probabilities were estimated with the Kaplan–Meier 
method and compared using the log-rank test. Curves were cal-
culated using the “survfit” function in the “survival” package 
(version 3.4.0) and plotted with the “survminer” package (version 
0.4.9) in R. Univariate and multivariate Cox proportional hazard 
models were created with the “coxph” function in the “survival” 
package (version 3.4.0) in R. To adjust for other covariates (age, 
gender, ulceration and Breslow), we performed the Cox propor-
tional hazards regression using the “coxph” function in R. Hazard 
ratios (HR) with a 95% confidence interval (CI) were reported. 
Hazard models were adjusted for main prognostic variables such 
as age at diagnosis, gender, Breslow index and ulceration. We used 
independent models for each ratio (NLR, PLR and MLR) in the 
multivariate analysis to avoid multicollinearity.

All statistical analyses were performed using the R statistical 
programming language, R version 4.2.2 (2022-10-31) (17). Sta-
tistical significance was determined to be p < 0.05, and the p-value 
was 2-sided. 

RESULTS

Patient population
A total of 5,036 melanoma patients were eligible for 
inclusion. After applying exclusion criteria (no labo-
ratory test available at diagnosis [n = 1,903], in-situ 
melanoma [n = 380], outlier values for inflammatory 
markers [n = 30], no follow-up [n = 2]), 2,721 patients 
were included for analysis. The median follow-up time 
was 8.23 years (IQR: 4.41–13. 25).

The baseline characteristics of the study population 
are summarized in Table I. Nearly half of the patients 
(49.5%) were male, and the median age at diagnosis 
was 57.0 years (IQR: 43.3–69.8). The most common 
tumour location was the trunk (44.7%). The most com-
mon histopathological subtype was superficial spreading 
melanoma (64.8%), followed by nodular melanoma 
(16.0%). The median Breslow index was 1.3 mm (IQR: 
0.8–2.8). The positivity rate for further histopathologic 
characteristics was as follows: ulceration 25.6%, mitosis 
55.8% and regression 45.1%. According to AJCC 8th 
edition, 1,530 patients (57.0%) had stage I melanoma at 
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first diagnosis, 615 (23.0 %) stage II, 499 (18.4%) stage 
III, and 42 (1.6%) stage IV.

Variation in baseline neutrophil-to-lymphocyte ratio, 
platelet-to-lymphocyte ratio and monocyte-to-
lymphocyte ratio
The median baseline NLR of the whole cohort was 
2.1 (IQR: 1.6–2.8), the median PLR was 125.3 (IQR: 
98.3–160.7), and the median MLR was 0.2 (IQR: 
0.1–0.2) (Table I). 

Differences in baseline NLR, PLR and MLR among 
patient subgroups stratified by disease stage, age and sex 
are summarized in Fig. 1.

The median baseline NLR (p < 0.001), PLR (p < 0.001) 
and MLR (p < 0.001) values increased significantly with 
the increasing AJCC stage. Patients aged 60 and over 
had significantly higher baseline NLR (p < 0.001) and 
MLR (p < 0.001) than patients under 60, but median PLR 
did not change significantly between older and younger 
patients. Male patients demonstrated significantly hig-
her baseline NLR (p < 0.001) and MLR (p < 0.001) but 
significantly lower baseline PLR (p < 0.001) than female 
patients.

SURVIVAL ANALYSIS

A total of 601 (22.1%) patients relapsed, and 413 patients 
(15.1%) died from melanoma. The NLR cut-off value for 
MSS was determined as 2.1, PLR as 184 and MLR as 
0.2 with maximally selected rank statistics.

The Kaplan–Meier curves showed that the MSS, OS 
and RFS rates of the low NLR group (< 2.1) were signifi-
cantly higher compared with that of the high NLR group 
(≥ 2.1) (p < 0.001). Kaplan–Meier curves to compare sur-
vival between high (< 184) and low PLRs (≥ 184) showed 
statistically significant differences in MSS (p = 0.002), 
OS (p < 0.001) and RFS (p = 0.03). Lastly, each of the 
MSS, OS and RFS rates were significantly decreased 
among the high MLR (≥ 0.2) group versus the low-MLR 
(< 0.2) group (p < 0.001) (Fig. 2). Data related to DMFS 
are shown in Fig. S1. 

Univariate and multivariate Cox regression models
The relationship of MSS, OS and RFS with histopatho-
logical prognostic parameters and inflammatory biomar-
kers was investigated using univariate and multivariate 
Cox regression analysis and the results are given in 
Tables II–IV, respectively.

Univariate analysis revealed the following factors to 
be significantly associated with MSS: male sex (HR 1.66, 
95% CI 1.36–2.02, p ≤ 0.001), age ≥ 60 (HR 1.72, 95% 
CI 1.41–2.09, p ≤ 0.001), increasing Breslow index (HR 
1.07, 95% CI 1.06–1.08, p ≤ 0.001), presence of ulcera-
tion (HR 4.94, 95% CI 4.05–6.01, p ≤ 0.001), higher 
NLR (HR 1.75, 95% CI 1.43–2.14, p ≤ 0.001), higher 
PLR (HR 1.46, 95% CI 1.14–1.87, p = 0.002), and higher 
MLR (HR 1.53, 95% CI 1.26–1.86, p = 0.001). Multiva-
riate regression analysis models found that high NLR, 
high PLR and high MLR were independent predictors 
of decreased MSS (NLR: HR 1.33, 95% CI 1.08–1.63, 
p = 0.008; PLR: HR 1.35, 95% CI 1.05–1.75, p = 0.021; 
MLR: HR 1.28, 95% CI 1.05–1.58, p = 0.017). Gender, 
age, Breslow index and ulceration also remained inde-
pendently associated with MSS in our models (Table II).

Table I. Baseline characteristics of the study population

Variable N = 2,721

Gender, n (%)
 Female 1,374 (50.5)
 Male 1,347 (49.5)
Age, years, median (IQR) 57.0 (43.3–69.8)
AJCC 8th edition TNM classification, n (%)
 IA 998 (37.2)
 IB 532 (19.8)
 IIA 293 (10.9)
 IIB 205 (7.6)
 IIC 117 (4.4)
 IIIA 86 (3.2)
 IIIB 109 (4.1)
 IIIC 274 (10.2)
 IIID 30 (1.1)
 IV 42 (1.6)
 Missing values 35
Location, n (%)
 Trunk 1,203 (44.7)
 Head and neck 366 (13.6)
 Lower limbs 545 (20.3)
 Upper limbs 322 (12.0)
 Acral 209 (7.8)
 Mucosa 44 (1.6)
 Missing values 32
Breslow index (mm), median (IQR) 1.3 (0.8–2.8)
Ulceration, n (%)
 Absent 1,992 (74.4)
 Present 685 (25.6)
 Missing values 44
Mitotic index mm2, n (%)
 = > 1 Mitosis mm2 1,351 (55.8)
 0 Mitosis mm2 1,071 (44.2)
 Missing values 299
Histological subtype, n (%)
 Superficial spread 1,738 (64.8)
 Lentiginous malignant 159 (5.9)
 Nodular 430 (16.0)
 Other 187 (7.0)
  Acral lentiginous 167 (6.2)
 Missing values 40
Regression, n (%)
 < 50% 605 (32.9)
 > 50% 224 (12.2)
 None 1,012 (55.0)
 Missing values 880
Glomerular filtration rate, median (IQR) 87.3 (73.0–99.5)
 Missing values 12
Neutrophil to lymphocyte ratio, median (IQR) 2.1 (1.6–2.8)
Platelet to lymphocyte ratio, median (IQR) 125.3 (98.3–160.7)
Monocyte to lymphocyte ratio, median (IQR) 0.2 (0.1–0.2)
Adjuvant treatment, n (%)
 Interferon 183 (6.7)
 Nivolumab 12 (0.5)
 Clinical trial 17 (0.6)
 None 2,509 (92.2)

AJCC: American Joint Committee on Cancer; IQR: interquartile range.
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In the multivariate Cox regression model for OS, each 
of the high NLR value (≥ 2.1), high PLR value (≥ 184) 
and high MLR value (≥ 0.2) were significantly associated 
with a shorter OS after adjusting for age of diagnosis, 
gender, Breslow thickness and ulceration (NLR: HR 1.39, 
95% CI 1.19–1.64, p < 0.001; PLR: HR 1.44, 95% CI 
1.19–1.74, p < 0.001; MLR: HR 1.42, 95% CI 1.21–1.66, 
p < 0.001) (Table III).

In the multivariate Cox regression model for RFS, a 
high NLR value (≥ 2.1) and a high MLR value (≥ 0.2) 
were significantly and independently associated with an 
increased risk of progression. Meanwhile high PLR was 
not (NLR: HR 1.21, 95% CI 1.02–1.43, p = 0.026; PLR: 

HR 1.10, 95% CI 0.88–1.37, p = 0.386; MLR: HR 1.32, 
95% CI 1.12–1.56, p = 0.001) (Table IV).

Data related to univariate and multivariate Cox regres-
sion models for DFMS are shown in Table SI.

DISCUSSION

This retrospective cohort study, including 2,721 patients 
with invasive melanoma at a national referral centre, 
analysed the effectiveness of different baseline haema-
tologic inflammatory biomarkers to predict MSS, OS 
and RFS in cutaneous melanoma patients. Our findings 
show that NLR, PLR and MLR provide useful prognostic 

Fig. 1. Variation in baseline neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR) and monocyte-lymphocyte ratio (MLR). 
Box plots demonstrating baseline NLR, PLR and MLR in patients according to disease stage, age and gender. Each point on the scatter plot represents 
an individual patient within the subgroup specified.

http://medicaljournalssweden.se/actadv
https://doi.org/10.2340/actadv.v104.27571
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Fig. 2.Melanoma-specific survival (MSS), overall survival (OS) and relapse-free survival (RFS) analysis. Kaplan–Meier survival curves 
demonstrating survival probability with increasing time after diagnosis in patients with above cut-off neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte 
ratio (PLR) and monocyte-lymphocyte ratio (MLR) (blue) and below cut-off NLR, PLR and MLR (red).

TableII.UnivariateandmultivariateCoxmodelsformelanoma-specificsurvival

Dependent: melanoma-
specific survival All HR (univariable)

HR (multivariable model 
– NLR)

HR (multivariable model 
– PLR)

HR (multivariable model 
– MLR)

Gender
 Female 1,374 (50.5) 1 (referent) 1 (referent) 1 (referent) 1(referent)
 Male 1,347 (49.5) 1.66 (1.36–2.02, p < 0.001) 1.50 (1.23–1.84, p < 0.001) 1.58 (1.29–1.94, p < 0.001) 1.46 (1.19–1.80, p < 0.001)
Age
 < 60 years 1,501 (55.2) 1 (referent) 1 (referent) 1 (referent) 1 (referent)
 > 60 years 1,217 (44.8) 1.72 (1.41–2.09, p < 0.001) 1.29 (1.05–1.57, p = 0.014) 1.32 (1.08–1.61, p = 0.006) 1.30 (1.06–1.59, p = 0.011)
Breslow index, mm, 
mean (SD)

2.4 (3.3) 1.07 (1.06–1.08, p < 0.001) 1.05 (1.04–1.06, p < 0.001) 1.05 (1.04–1.06, p < 0.001) 1.05 (1.04–1.06, p < 0.001)

Ulceration
 Absent 1,992 (74.4) 1 (referent) 1 (referent) 1 (referent) 1 (referent)
 Present 685 (25.6) 4.94 (4.05–6.01, p < 0.001) 3.70 (3.00–4.56, p < 0.001) 3.82 (3.10–4.70, p < 0.001) 3.76 (3.05–4.63, p < 0.001)
NLR
 < 2.1 1,297 (47.7) 1 (referent) 1 (referent) –  
 ≥ 2.1 1,424 (52.3) 1.75 (1.43–2.14, p < 0.001) 1.33 (1.08–1.63, p = 0.008)   
PLR
 < 184 2,310 (84.9) 1 (referent)  1 (referent)  
 ≥ 184 411 (15.1) 1.46 (1.14–1.87, p = 0.003)   1.35 (1.05–1.75, p = 0.021)  
MLR
 < 0.2 1,605 (59.0) 1 (referent)   1 (referent)
 ≥ 0.2 1,116 (41.0) 1.53 (1.26–1.86, p < 0.001)   1.28 (1.05–1.58, p = 0.017)

HR: hazard ratio; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; MLR: monocyte to lymphocyte ratio; SD: standard deviation.

http://medicaljournalssweden.se/actadv
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Table III. Univariate and multivariate Cox models for overall survival

Dependent: overall 
survival all HR (univariable)

HR (multivariable model 
– NLR)

HR (multivariable model 
– PLR)

HR (multivariable model 
– MLR)

Gender
 Female 1,374 (50.5) 1 (referent) 1 (referent) 1 (referent) 1 (referent)
 Male 1,347 (49.5) 1.61 (1.38–1.87, p < 0.001) 1.44 (1.23–1.68, p < 0.001) 1.52 (1.30–1.78, p < 0.001) 1.38 (1.17–1.61, p < 0.001)
Age
 < 60 years 1,501 (55.2) 1 (referent) 1 (referent) 1 (referent) 1 (referent)
 > 60 years 1,217 (44.8) 3.08 (2.63–3.60, p < 0.001) 2.47 (2.10–2.91, p < 0.001) 2.55 (2.17–3.00, p < 0.001) 2.48 (2.11–2.92, p < 0.001)
Breslow index (mm), 
mean (SD)

2.4 (3.3) 1.07 (1.06–1.07, p < 0.001) 1.05 (1.04–1.06, p < 0.001) 1.05 (1.04–1.06, p < 0.001) 1.05 (1.04–1.06, p < 0.001)

Ulceration
 Absent 1,992 (74.4) 1 (referent) 1 (referent) 1 (referent) 1 (referent)
 Present 685 (25.6) 3.48 (2.99–4.06, p < 0.001) 2.48 (2.11–2.91, p < 0.001) 2.56 (2.18–3.00, p < 0.001) 2.49 (2.12–2.93, p < 0.001)
NLR
 < 2.1 1,297 (47.7) 1 (referent) 1 (referent)   
 ≥ 2.1 1,424 (52.3) 1.92 (1.64–2.24, p < 0.001) 1.39 (1.19–1.64, p < 0.001)   
PLR
 <184 2,310 (84.9)  1 (referent)  1 (referent)  
 ≥ 184 411 (15.1) 1.61 (1.34–1.94, p < 0.001)  1.44 (1.19–1.74, p < 0.001)  
MLR
 < 0.2 1,605 (59.0)  1 (referent)   1(referent)
 ≥ 0.2 1,116 (41.0) 1.81 (1.56–2.10, p < 0.001)   1.42 (1.21–1.66, p < 0.001)

HR: hazard ratio; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; MLR: monocyte to lymphocyte ratio; SD: standard deviation.

Table IV. Univariate and multivariate Cox models for recurrence-free survival

Dependent: relapse-free 
survival All HR (univariable)

HR (multivariable model 
– NLR)

HR (multivariable model 
– PLR)

HR (multivariable model 
– MLR)

Gender
 Female 1,374 (50.5) 1 (referent) 1 (referent) 1 (referent) 1 (referent)
 Male 1,347 (49.5) 1.48 (1.26–1.74, p < 0.001) 1.36 (1.15–1.61, p < 0.001) 1.39 (1.18–1.64, p < 0.001) 1.31 (1.10–1.55, p = 0.002)
Age
 < 60 years 1,501 (55.2) 1 (referent) 1 (referent) 1 (referent) 1 (referent)
 > 60 years 1,217 (44.8) 1.88 (1.60–2.21, p < 0.001) 1.51 (1.27–1.78, p < 0.001) 1.55 (1.31–1.82, p < 0.001) 1.49 (1.26–1.76, p < 0.001)
Breslow index, mm, mean (SD) 2.4 (3.3) 1.07 (1.06–1.08, p < 0.001) 1.05 (1.04–1.06, p < 0.001) 1.05 (1.04–1.06, p < 0.001) 1.05 (1.04–1.06, p < 0.001)
Ulceration
 Absent 1,992 (74.4) 1 (referent) 1 (referent) 1 (referent) 1 (referent)
 Present 685 (25.6) 4.57 (3.89–5.38, p < 0.001) 3.48 (2.93–4.13, p < 0.001) 3.54 (2.98–4.19, p < 0.001) 3.49 (2.94–4.14, p < 0.001)
NLR
 < 2.1 1,297 (47.7) 1 (referent) 1 (referent) – –
 ≥ 2.1 1,424 (52.3) 1.57 (1.33–1.85, p < 0.001) 1.21 (1.02–1.43, p = 0.026) – –
PLR
 < 184 2,310 (84.9) 1 (referent) – 1 (referent) –
 ≥ 184 411 (15.1) 1.26 (1.02–1.56, p = 0.033) – 1.10 (0.88–1.37, p = 0.386) –
MLR
 < 0.2 1,605 (59.0) 1 (referent) – – 1 (referent)
 ≥ 0.2 1,116 (41.0) 1.59 (1.36–1.87, p < 0.001) – – 1.32 (1.12–1.56, p = 0.001)

HR: hazard ratio; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; MLR: monocyte to lymphocyte ratio; SD: standard deviation.

information regarding survival. Each of the high NLR 
(> 2.1), high PLR (> 184) and high MLR (> 0.2) was 
independently associated with worse MSS and OS in 
patients with cutaneous melanoma. 

Haematological inflammatory parameters like NLR, 
PLR and MLR have gained significant attention as 
readily available and non-invasive prognostic cancer 
biomarkers in recent years, and an increasing number 
of studies have confirmed the association of these bio-
markers with clinical outcomes in patients with various 
malignancies. Cancer-associated inflammation builds up 
a protumorigenic tumour microenvironment and is a cru-
cial determinant of cancer progression and survival (18). 
For reasons not yet fully elucidated, cancer-associated 
inflammatory response leads to alterations in peripheral 
blood cell composition of myeloid and lymphoid linea-
ges, which favours tumour progression, angiogenesis and 
metastasis (19). Neutrophils, platelets and monocytes 

from the myeloid lineage are mainly protumorigenic; 
conversely, NK cells and T-cells from the lymphoid 
lineage are critical for immune surveillance and show 
antitumorigenic effects (20, 21). Thus, their relative 
values in the form of NLR, PLR and MRL capture the ba-
lance between the detrimental effects of protumorigenic 
cells and the beneficial effects of lymphocyte-mediated 
adaptive immunity, making them potentially valuable 
prognostic markers.

Many studies have investigated the impact of NLR on 
survival outcomes in patients with localized and metas-
tatic cutaneous melanoma. In the present study, Breslow 
thickness, ulceration, male sex and age > 60 were all 
predictors of decreased survival in the multivariate ana-
lyses. Independent of these well-known poor prognostic 
clinicopathologic variables, an elevated NLR predicted 
worse overall and melanoma-specific survival. This fin-
ding is in line with most of the previous studies, which 

http://medicaljournalssweden.se/actadv
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demonstrated that a high NLR in the initial diagnosis of 
melanoma was associated with poor MSS and OS (10, 
19, 22–25). Different hazard ratios for OS or MSS were 
reported in the different studies changing from 1.25 to 
6.98; these differences are most likely attributable to the 
variances in the inclusion criteria utilized in each study 
and the resulting diversity within the study populations 
(10, 26–28). Interestingly, high HR (> 4) is usually repor-
ted in studies that included only stage III or IV metastatic 
melanomas, raising the question of whether NLR would 
be a more robust predictive marker of survival for me-
lanoma in late stages than in earlier stages (27, 29, 30). 
This might be explained by a more pronounced inflam-
matory response generated by the late-stage melanomas 
due to a higher tumour burden. Very few studies exami-
ned the role of haematological inflammatory indexes on 
survival in early-stage melanomas, and they found some 
contradictory results (10, 19, 28). In the present study, by 
including all melanoma stages from I–IV, we found that a 
high NLR predicted decreased OS and MSS. Our results 
align with most of the previous studies that examined 
similar cohorts, with the exception of the study of Wade 
et al. (14), in which the authors conversely found that 
a high NLR was associated with better OS and RFS in 
stage I–III melanoma patients (14, 22, 23). However, these 
paradoxical data could not be validated in other studies 
so far and still need to be further investigated. 

One of the most interesting uses of NLR in melanoma 
patients is predicting the risk of melanoma progression 
and response to systemic treatments. These studies 
usually involved stage III and/or IV patients and found 
that higher baseline NLR values correlated with worse 
progression-free survival and/or reduced response to 
immunotherapy or targeted therapy (29, 31–33). Con-
versely, one study investigated the association between 
baseline NLR and the risk of recurrence in stage I to III 
melanoma patients and failed to show any significant 
association (19). In our present study, a high NLR was 
significantly associated with worse RFS (HR: 1.21) in 
a large cohort of patients, including stage I–IV mela-
nomas. This finding suggests that NLR could be useful 
in identifying patients with localized disease who are 
at high risk of disease recurrence and thus may benefit 
from systemic adjuvant therapies and more intensive 
follow-up protocols.

PLR is another widely investigated inflammatory 
marker for its prognostic significance in many cancers, 
including melanoma. Many studies have demonstrated 
that a high PLR was associated with poor OS in mela-
noma patients (34, 35). These studies included different 
patient cohorts with different stages and subtypes of 
melanomas. They also used different cut-off values for 
PLR, changing from 99 to 206 (36). In our study, high 
PLR was a predictor of worse OS and MSS but not PFS in 
patients with melanoma. Similar to our findings, a recent 
meta-analysis investigating the prognostic value of the 

PLR in patients with melanoma found that an elevated 
PLR was associated with poor OS but not PFS (36). Ho-
wever, another meta-analysis failed to show any obvious 
association between PRL and OS or PFS in patients with 
melanoma (37). Small sample sizes in these studies were 
a significant limitation, and further prospective studies 
are needed to clarify contradictory results.

The prognostic role of the LMR (lymphocyte to mo-
nocyte ratio) or MLR has been investigated less in the 
field of melanoma, and the results were contradictory. 
In some of the studies, lower LMR was associated with 
an increased mortality risk in patients with melanoma; 
however, this association could not be shown in others 
(22, 38, 39). In the present study, higher MLR was as-
sociated with poor OS, MSS and RFS. To our knowledge, 
our study was the first to explore the prognostic value 
of MLR on RFS and adds valuable information to the 
current literature. 

Limitations
The limitations of this study are its single-centre and re-
trospective design. Moreover, the potential confounding 
factors and comorbidities affecting the haematological 
inflammatory indexes had to be ignored, as there was no 
specific information in the medical reports. However, the 
limitations inherent in this study are outweighed by its 
numerous strengths. First, to the best of our knowledge, 
our study has the largest sample size among published 
studies examining the prognostic significance of hae-
matologic inflammatory indexes in melanoma. Second, 
we have included all clinical stages of melanoma, and 
there was a balanced proportion between stages. Third, 
we used MSS as the primary endpoint instead of OS 
because an elevated NLR is associated with increased 
all-cause mortality in the general population (40). Lastly, 
the cut-off values for NLR, PLR and MLR in our study 
were determined by using maximally selected rank statis-
tics, which is believed to be a more appropriate method 
than ROC analysis, which was used in the majority of 
previous studies (33).

Conclusion
In our study, baseline NLR, PLR and MLR were iden-
tified as independent predictors for the prognosis of 
melanoma in a large cohort of patients. These biomarkers 
could potentially be useful in routine clinical practice 
to identify patients who may benefit from enhanced 
surveillance. Moreover, incorporating these haematolo-
gical markers into the machine learning algorithms and 
nomograms of melanoma holds the promise of a better 
prognosis and thus, more individualized and comprehen-
sive care for patients. Nevertheless, further multicentre 
prospective studies are necessary to validate our findings 
and standardization is warranted before implementing it 
in routine clinical practice.

http://medicaljournalssweden.se/actadv
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