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Abstract

Background/Objectives: Colorectal cancer (CRC) is one of the most common malignancies
worldwide, with systemic inflammation increasingly recognised as a determinant of disease
progression. This study aimed to establish a taxonomy-based classification of patients with
newly diagnosed primary CRC using systemic inflammatory, haematological, and anthro-
pometric markers, and to evaluate its association with tumour stage. Methods: A total of
229 patients (111 women, 118 men) undergoing surgery for primary CRC were included.
Blood samples were analysed for haemoglobin, leukocytes, neutrophils, lymphocytes,
platelets, C-reactive protein (CRP), and carcinoembryonic antigen (CEA). Anthropometric
data were collected. Taxonomic clustering and ordinal logistic regression were used to
explore associations with TNM and Astler–Coller classifications. Results: Men had higher
neutrophil and leukocyte counts, elevated CEA concentrations (132.8 vs. 81.3 ng/mL), and
higher NLR values (4.74 vs. 4.23) compared with women. Logistic regression confirmed
that platelet count (OR 1.003; p = 0.004), PLR (OR 1.003; p = 0.003), and CEA (OR 1.03;
p < 0.001) were positively associated with advanced TNM stage, while haemoglobin was
inversely correlated (OR 0.88; p = 0.045). Among 84 clustering models, two taxonomies
were the most clinically informative: Taxonomy I (BMI, neutrophils, platelets) and Taxon-
omy II (age, lymphocytes, platelets), both significantly associated with T, N, M, overall
TNM stage, and Astler–Coller grade. Taxonomy I identified three patient groups. Type 3
represented the poorest phenotype, characterised by low BMI and haemoglobin, high
platelets, elevated CEA and PLR, and predominance of TNM IIIC tumours, consistent
with a cachectic–inflammatory profile. Type 1 displayed higher BMI, lower inflamma-
tion, and earlier-stage disease. Type 2 was characterized by elevated neutrophils and
leukocytes. Taxonomy II distinguished four groups, with Type 2 demonstrating the most
favourable profile (high haemoglobin and lymphocytes, low NLR and PLR, early TNM
stage). Conclusions: Systemic inflammatory markers, haemoglobin, platelets, and CEA
strongly predict CRC advancement. The proposed taxonomy provides clinically mean-
ingful stratification of CRC patients and may support personalised risk assessment. This
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accessible approach may facilitate early identification of high-risk individuals, although
validation in prospective studies is required.

Keywords: colorectal cancer; systemic inflammation; taxonomic classification;
neutrophil-to-lymphocyte ratio; platelet-to-lymphocyte ratio; prognosis

1. Introduction
The diagnosis and treatment of cancer remain among the key challenges of contempo-

rary medicine, with colorectal cancer (CRC) holding a particularly important position. CRC
is characterized by high incidence and mortality rates and is a major focus of oncological
research worldwide. The global number of new CRC cases is projected to reach 3.2 million
by 2040, driven by population aging, growth, and changes in human development [1].
Furthermore, increases in CRC mortality among young adults are projected in several
countries, including Italy, the United Kingdom, Poland, and Spain for men, and Germany
for women [2].

Given the biological heterogeneity of CRC and the complexity of its progression, identi-
fying novel diagnostic and prognostic tools remains an urgent priority. Increasing attention
is being paid to inflammatory markers and indicators of systemic immune response as
promising prognostic and predictive factors [3].

Chronic inflammation plays a significant role in the pathogenesis of many tumors,
including CRC. It contributes to cancer cell proliferation, angiogenesis, and metastatic po-
tential. Analysis of inflammatory processes and their associated molecular signatures offers
valuable insight into mechanisms of carcinogenesis, tumor invasiveness, and response
to treatment [4–6].

Among the most accessible and clinically relevant prognostic markers are hematologi-
cal indicators derived from peripheral blood. The neutrophil-to-lymphocyte ratio (NLR)
is considered a particularly strong predictor of overall survival (OS) and disease-free sur-
vival (DFS) in CRC patients [7,8]. A meta-analysis showed that NLR values ≥ 3.0 and
platelet-to-lymphocyte ratio (PLR) ≥ 160 were associated with poor prognosis in stage
III–IV CRC [9]. Moreover, recent research has demonstrated that pre-diagnostic levels of
neutrophils, leukocytes, and NLR also serve as independent predictors of CRC outcomes,
even before clinical diagnosis [10].

Other markers such as PLR, lymphocyte-to-monocyte ratio (LMR), and the systemic
immune–inflammation index (SII) have also shown prognostic value in various stages of
CRC, particularly in the postoperative setting [11,12]. Inflammation-related plasma proteins
such as C-reactive protein (CRP), IL-6 (interleukin-6), TNF-alpha (tumor necrosis factor)
and its receptors, adiponectin play complex roles in colorectal cancer development [13].

Understanding the role of inflammation in CRC development and progression is
essential for refining risk stratification, improving early detection, and identifying potential
targets for immunomodulatory therapies. Consequently, the investigation of inflammatory
markers remains a dynamic and clinically relevant field in modern oncology.

Actually, CRC is the second most common cancer in women and the third in men
in Poland [14–16]. In 2022, the number of new CRC cases exceeded 18,800, with an
incidence rate of 57 per 100,000 in men and 44 per 100,000 in women [17]. Despite detailed
consideration of the epidemiology of this pathology, prognostic interventions in this area
were not discussed.

Some authors have considered CRC to be a “disease of affluence,” as its prevalence and
dynamics are closely related to the level of development and living conditions in different
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regions worldwide [18,19]. Currently, the highest increase in cancer incidence is observed
in countries where economic development has been the most rapid in recent decades.

Although the socioeconomic background of CRC is increasingly recognised, current
prognostic approaches still rely largely on clinical staging and histopathological assessment.
Meanwhile, growing evidence suggests that systemic inflammation plays a central role not
only in tumorigenesis but also in tumour progression and patient prognosis. Therefore,
accessible biomarkers reflecting the systemic immune response—such as leukocyte, neu-
trophil, lymphocyte, and platelet counts—are being actively explored as potential tools to
support clinical decision-making [20]. Despite their simplicity, these markers may offer
valuable insights into disease aggressiveness and progression.

The role of body mass index (BMI) in CRC progression is still under debate. While
obesity is a recognized risk factor for CRC development, its relationship with tumour stage
at diagnosis remains inconclusive. Some studies suggest that higher BMI may not correlate
with more advanced TNM (tumor, nodes, metastases) stages, possibly due to earlier de-
tection in overweight individuals or the so-called “obesity paradox” [20,21]. Conversely,
underweight status and sarcopenia have been associated with more aggressive disease and
poorer outcomes [22,23]. Furthermore, BMI does not reflect body fat distribution, which
may be more relevant for cancer biology. Therefore, assessing the prognostic value of BMI
alongside inflammatory markers may contribute to a more comprehensive understanding
of disease progression in CRC.

By focusing on routinely measured hematological parameters and their correlation
with tumour stage, the aim of the present study was to develop a clinical-biochemical
taxonomy of patients with newly diagnosed primary colorectal cancer (CRC), identifying
distinct taxa based on systemic inflammatory, hematological, and anthropometric markers,
and to assess their relationship with tumour stage and disease progression.

2. Materials and Methods
2.1. Materials

A total of 229 patients with primary CRC who underwent surgical treatment at two
departments of General and Colorectal Surgery in Poland (Sosnowiec, Bytom) were in-
cluded. A comprehensive medical interview and physical examination were performed for
each participant. Clinical data were obtained using a physician-administered questionnaire
and included: clinical symptoms and their duration, body mass index (BMI; including
weight loss within the previous three months), general condition assessed according to
the Karnofsky performance status [23], family history of cancer, comorbidities, and tumor
location. Furthermore, the exclusion criteria were as follows: emergency hospitalization,
lack of histological confirmation of cancer, a concomitant inflammatory disease, previous
non-adjuvant therapy, and no written informed consent.

The study was conducted in accordance with the Declaration of Helsinki and approved
by the Bioethics Committee of the Medical University of Silesia. As this was a retrospective
analysis based on anonymized clinical data, formal bioethical committee approval was not
required. (application no. KNW/0022/KB/74/I/19, 21 March 2019). Statistical analyses
were independently verified by consulting biostatisticians from the Department of Public
Health, Wroclaw Medical University.

2.2. Methods
2.2.1. Patient’s Database Completing

The database also contained information on surgical interventions and histological
findings. The evaluation criteria included parameters such as the TNM classification [24],
the number of lymph nodes removed and their involvement in the cancer process, the
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degree of histological differentiation, stage, and the degree of clinical progression according
to the TNM and Astler-Coller classification [25].

2.2.2. Analysis of Blood Samples

All venous blood samples were collected in the morning after an overnight fast and
processed in a certified hospital laboratory according to standard clinical procedures.

Although routine biochemical and hematological panels were performed for all pa-
tients, the present analysis focused on selected parameters relevant to systemic inflam-
mation and tumour progression. These included: hemoglobin, leukocytes, neutrophils,
lymphocytes, C-reactive protein (CRP), and carcinoembryonic antigen (CEA).

Peripheral blood smears were examined microscopically for morphology, while serum
CRP and CEA concentrations were determined using standard laboratory assays.

2.2.3. Statistical Analysis

All statistical analyses were performed using the R statistical environment
(version 4.0.0) [26]. We also used the “cluster” statistical package” (Version 2.1.0. CRAN) [27].

The use of linear progression and causal relationships was not appropriate in the
context of the analysed clinical phenomena. Therefore, the study was extended to include
taxonomic analysis [28]. The formation of patient subgroups based on the principles of
taxonomy was determined by the similarity of specific clinical and laboratory parameters.

The Marczewski–Steinhaus metric [29] was used to measure pairwise taxonomic
distances between patients, defined as: d(A, B) = |A∆B| max (|A|, |B|).

The use of this metric allowed a structural interpretation of relationships between
patients considered as sets of features. The selection of this metric was motivated by
the mixed nature of the dataset, which included both continuous and pseudo-categorical
variables, making it suitable for assessing structural similarities between patients, especially
for capturing heterogeneous biomedical traits.

Complete-linkage agglomeration was applied because it generates compact, internally
consistent clusters, which is important for the clinical interpretation of patient phenotypes.

Hierarchical clustering was performed using the complete-linkage agglomeration
method, defined as:

D(X, Y) = max
x∈X,y∈Y

d(x, y) [30]

A total of 84 trivariate combinations of variables were evaluated during the ex-
ploratory phase. Cut-off thresholds for dendrogram segmentation were determined using
a scree-plot criterion. Two taxonomies demonstrated the highest internal coherence and
clinical interpretability:

1. BMI + neutrophils + platelets,
2. age + lymphocytes + platelets.

Only these two taxonomic models were retained in the final results of the manuscript
for clarity. As the taxonomic analysis was exploratory in nature, no correction for multiple
comparisons (Bonferroni or FDR) was applied, and the findings should be regarded as
hypothesis-generating.

2.2.4. Limitations of the Study

This study has several limitations that should be acknowledged.
First, the analysis was cross-sectional and did not include survival or treatment-

response data (e.g., overall or disease-free survival). Therefore, the prognostic value of the
identified clusters should be interpreted cautiously until confirmed in prospective cohorts.
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Second, although ordinal logistic regression was used to assess the association between
clinical and hematological parameters and tumour stage, protein-level validation of the
analysed markers was not performed due to the retrospective design of the study.

Third, the taxonomic analysis included multiple trivariate combinations (n = 84), which
increases the probability of type I error. Given the exploratory nature of this approach, no
correction for multiple comparisons (Bonferroni or FDR) was applied; hence, these findings
should be considered hypothesis-generating rather than confirmatory.

Fourth, although sex-related differences were addressed in the statistical models, not
all results were stratified by sex due to limited subgroup sizes.

Finally, this study was based on data from a single academic centre, which may limit
generalizability to other populations.

3. Results
3.1. Study Group

The study group included 111 women (mean age 64.94 years; range 31–90 years).
The mean height was 161.2 cm (range 143–176 cm), and the mean weight was 69.3 kg
(range 32–140 kg). The mean BMI in women was 25.6 kg/m2. The study also included
118 men (mean age 63.98 years; range 36–94 years); the mean height was 174.1 cm
(range 149–189 cm), and the mean weight was 81.6 kg (range 50–160 kg). The mean BMI
was 26.9 in men—Table 1.

Table 1. Characteristics of Patients.

Parameter Women (n = 111) Men (n = 118)

Age (years) Mean: 64.94 Mean: 63.98
Range: 31–90 Range: 36–94

Height (cm) Mean: 161.2 Mean: 174.1
Range: 143–176 Range: 149–189

Weight (kg) Mean: 69.3 Mean: 81.6
Range: 32–140 Range: 50–160

BMI (kg/m2) Mean: 25.6 Mean: 26.9

3.2. Laboratory and Anthropometrics Parameters in Study Group

The analysis of laboratory and anthropometric parameters in the study groups showed
different results depending on the gender. When laboratory parameters of the female
subgroup were analysed, the mean values were as follows: haemoglobin—11.99 g/dl,
leukocytes—8.04, neutrophils—5.82, lymphocytes—1.64, platelets—311.2 and CEA—81.31.
The mean values of PLR and NRL were 221.54 and 4.23, respectively. In turn, the results of
the laboratory findings in the male subgroup were as follows: haemoglobin—12.41 g/dl,
leukocytes—8.6, neutrophils—6.26, lymphocytes—1.63, platelets—316.7, CEA—132.78,
PLR—234.52 and NRL—4.74.

The mean haemoglobin level in women was 11.99 g/dl and 12.41 g/dl in men, which
might have been due to physiological differences between the genders. Low haemoglobin
levels in women may be an indicator of a higher risk of anaemia, particularly in terms of
cancer. The mean white blood cell counts in women and men were 8.04 and 8.6, respectively.
The mean lymphocyte counts in women were 1.64 and 1.63 in men. The similar values
of the parameters indicate the preservation of basic immune reactivity in both genders,
although some differences in other blood parameters were found. The mean neutrophil
counts were 5.82 in women and 6.26 in men. Higher neutrophil counts in men might have
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been associated with a more pronounced inflammatory response or might have reflected
the differences in the immune response to cancer.

The mean platelet counts in women and men did not differ significantly, indicating a
similarity in the blood coagulation response between both genders, which is essential in
terms of the risk of developing thrombotic complications in CC. PLR showed no significant
dimorphism, which is natural given the similar levels of platelets. The mean CEA in women
was 81.31. However, it was significantly higher in men (132.78). High levels of CEA in men
may indicate a higher risk of cancer progression and metastasis, as CEA is often associated
with more aggressive forms of CC. Determination of NRL showed that the mean value in
women was significantly lower than in men, which may have indicated a greater influence
of inflammation on cancer progression since a high neutrophil-to-lymphocyte ratio is often
associated with a poor prognosis in cancer patients.

3.3. Nosological Structure

The nosological structure also demonstrated some sex-related dimorphism. Differen-
tiation of patients according to the TNM classification showed that, among women, the
following subgroups were identified: T1—3 patients, T2—27, T3—65, T4—13; N0—49,
N1—28, N2—31; M0—81 and M1—25 patients. Among men, the corresponding dis-
tribution was: T1—2, T2—25, T3—78, T4—11; N0—43, N1—29, N2—44; M0—88 and
M1—26 patients. The comparison of the nosological structure is presented in Figure 1.

(A) T parameters (B) N parameters (C) M parameters 

Figure 1. (A–C) Nosological structure of the disease according to TNM parameters (A—T, B—N,
C—M) in female and male subgroups.

The interpretation of the above data shows that although the overall trends in the
distribution of disease stages were similar between the genders, some differences were
found. For instance, a higher proportion of women presented with T3 tumours, while a
higher proportion of men presented with T3 and N2 tumours. A slight increase in the
number of men with distant metastases (M1) was also found compared to women. The data
may indicate the need for a more differentiated approach to the diagnosis and treatment of
CRC, depending on the gender, given their specific characteristics in the clinical course of
the disease.

Statistically significant results (p < 0.05) and the results approaching significance
(p < 0.1) obtained by ordinal logistic regression are given in Table 2. This allowed us to
better understand the potential impact of different biomarkers on the course and prognosis
of CRC.
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Table 2. Statistically significant results were obtained using ordinal logistic regression (p < 0.05 and
p < 0.1).

Clinical Parameter Risk Factor OR 95% Probability p

Stage T Haemoglobin [g/dL] 0.88 (0.77;0.99) 0.045

Stage T platelets [g/g] 1.003 (1.001;1.006) 0.004

Stage T PLR 1.003 (1.001;1.005) 0.003

Stage N Age [years] 0.981 (0.960;1.003) 0.088

Stage M lymphocytes [g/L] 1.49 (0.97;2.29) 0.070

Stage M CEA [ng/dL] 1.03 (1.01;1.04) <0.001

Stage M NRL 0.90 (0.79;1.02) 0.099

Malignancy grade (G) height [cm] 1033 (1.002;1.064) 0.035

Malignancy grade (G) weight [kg] 1.019 (1001;1037) 0.034

Clinical TNM stage platelets [g/g] 1.003 (1.001;1.005) 0.005

Clinical TNM stage CEA [ng/dL] 1028 (1.014;1.043) 0.000

Astler-Coller classification (stage) platelets [g/g] 1.002 (1000;1004) 0.018

Astler-Coller classification (stage) CEA [ng/dL] 1029 (1.014;1.044) <0.001

Complications BMI [m/kg2] 1.11 (1.01;1.22) 0.026

The statistical interpretation of the data in Table 2 showed that increased haemoglobin
concentration was negatively correlated with the progression of the clinical stage (T stage).
An increase in the blood level by 1 g/dL correlated with a decreased risk of progression
according to the TNM classification by about 12%, while an increase by 5 g/dl correlated
with a reduced progression risk by about 47%. Therefore, an inverse proportional rela-
tionship was found. In turn, platelet counts and PLR levels were directly correlated with
disease progression (T parameter). The statistical interpretation of other results included
in Table 2 was similar. The statistical results were presented in parallel on the forest plot
shown in Figure 2.

Figure 2. Odds ratios illustrating the impact of statistically significant (p < 0.05) and borderline
significant (p < 0.1) risk factors on clinical tumour stage (TNM), tumour grade (G), Astler–Coller
classification, and clinical complications (improvement vs. deterioration).

The method used here was based on the framework of logistic regression with a
dichotomous response variable and represents its extension to a scale with more than two
categories [31]. In ordinal logistic regression, the dependent (outcome) variable has an
ordered scale, and the estimated regression parameters are interpreted in the same way as
in standard logistic regression, i.e., by means of odds ratios (ORs).
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However, adopting a linear dependence model and the causal relationships obtained
under this assumption was not fully satisfactory in substantive terms for the clinical phe-
nomena under analysis. Therefore, the statistical analysis was extended by an alternative,
methodologically distinct approach to the data in the form of a taxonomic analysis.

3.4. Characteristics of Taxonomy Types

Next, hierarchical clustering was performed using the Marczewski–Steinhaus metric
and the complete-linkage agglomeration method. A total of 84 taxonomic sets of clinical
features were analysed, of which two were considered most informative and clinically
interpretable: Taxonomy I (BMI, neutrophil count, platelet count) and Taxonomy II (age,
lymphocyte count, platelet count). These two combinations yielded the highest number
of statistically significant associations (p < 0.05) and results at the threshold of statistical
significance (p < 0.1) with clinical responses such as T, N, M, overall TNM stage, and
Astler–Coller classification.

3.4.1. Taxonomy I

Based on BMI, neutrophils, and PLT, three main patient types (“Type 1”, “Type 2” and
“Type 3”) were identified. Group comparisons between these types were performed using
one-way ANOVA or the Kruskal–Wallis test, depending on the distribution of variables.
Statistically significant (p < 0.05) and borderline (p < 0.1) differences are presented in Table 3.

Table 3. Clinical and laboratory characteristics of the three taxonomic patient types identified in
Taxonomy I.

Risk Factor Type 1 Type 2 Type 3 p

BMI (m/kg2) (131), 28.6 ± 5.1; 27.8 (43), 25.4 ± 5.3; 25.3 (47), 23.1 ± 4.9; 22.7 <0.0001

Neutrophils (g/L) (132), 4.71 ± 1.60; 4.7 (45), 9.44 ± 3.06; 9.3 (48), 6.52 ± 2.09; 6.3 <0.0001

Platelets (g/L) (134), 267 ± 69; 264 (46), 292 ± 103; 300 (49), 462 ± 137; 448 <0.0001

Weight (kg) (131), 80 ± 16; 77 (43), 71 ± 16; 73 (47), 66 ± 16; 63 <0.0001

Haematocrit (g/dL) (134), 12.8 ± 1.9; 13.1 (46), 11.7 ± 2.4; 11.5 (49), 11.1 ± 1.8; 11 <0.0001

Leukocytes (g/L) (133), 7.22 ± 2.24; 6.9 (46), 10.8 ± 3.52; 11.4 (49), 9.05 ± 2.49; 9 <0.0001

CEA (ng/dL) (85), 15.1 ± 36.2; 3.1 (34), 143 ± 770; 3.5 (25), 368 ± 1517; 7 0.0998

NRL (132), 3.31 ± 1.85; 2.8 (45), 8.13 ± 5.16; 6.9 (48), 4.35 ± 2.23; 3.8 <0.0001

PLR (132), 192 ± 105; 169 (45), 242 ± 141; 199 (48), 315 ± 170; 253 <0.0001

T (stage) (132), 2.8 ± 0.6; 3 (45), 2.6 ± 0.8; 3 (48), 3.0 ± 0.5; 3 0.0037

N (stage) (131), 0.9 ± 0.9; 1 (45), 0.7 ± 0.8; 1 (48), 1.1 ± 0.9; 1 0.0990

M (stage) (129), 0.2 ± 0.4; 0 (45), 0.1 ± 0.3; 0 (45), 0.3 ± 0.5; 0 0.0193

Clinical TNM stage (128), 4.1 ± 2.3; IIIB (44), 3.6 ± 2.1; IIIA (45), 5.0 ± 2.0; IIIC 0.0064

Astler-Coller classification (stage) (128), 3.3 ± 1.5; C2 (45), 2.9 ± 1.4; C1 (45), 3.8 ± 1.2; C2 0.0076

The clinical and laboratory profiles corresponding to the three clusters in Taxonomy I
are illustrated in Figure 3.
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Taxonomic distance 
Type1 Type2 Type3 

Figure 3. Taxonomic dendrogram and forest plot illustrating the three patient types identified in
Taxonomy I based on BMI, neutrophil count, and platelet count (PLT).

In summary, the statistical analysis shows that the three patient types identified in
Taxonomy I are characterised by distinct relative levels of features and clinical responses
(Table 4). In the most extreme cases, patients with low levels of clinical response in
terms of T, N, M, overall TNM stage, and Astler–Coller classification were relatively
characterised by:

• a moderate BMI,
• a high neutrophil count,
• a moderate PLT level,
• a moderate body weight,
• a moderate haemoglobin level,
• a high WBC count,
• a moderate CEA concentration,
• a high NLR, and
• a moderate PLR.

Table 4. Summary of clinical parameter levels by Taxonomy I type.

Risk Factor/Clinical Response Type 1 Type 2 Type 3

BMI High Mean Low

Neutrophils Low Low Mean

Platelets Low Mean High

Weight High Mean Low

Haemoglobin High Mean Low

Leukocytes Low High Mean

CEA Low Mean High

NRL Low High Mean
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Table 4. Cont.

Risk Factor/Clinical Response Type 1 Type 2 Type 3

PLR Low Mean High

T stage Mean Low High

N stage Mean Low High

M stage Mean Low High

Clinical TNM stage Mean Low High

Astler-Coller classification (stage) Mean Low High

In contrast, patients with the poorest prognosis were those relatively characterised by:

• a low BMI,
• a moderate neutrophil count,
• a high PLT count,
• a low body weight,
• a low haemoglobin level,
• a moderate WBC count,
• a high CEA concentration,
• a moderate NLR, and
• a high PLR.

Based on statistical comparisons, Type 3 patients had the poorest prognosis and were
characterised by, low BMI, mean neutrophil counts, high platelet counts, low weight, low
haemoglobin levels, mean leukocyte counts, high CEA concentrations and mean NLR and
PLR levels—Table 4.

3.4.2. Taxonomy II

Using the same computational procedures, Taxonomy II was constructed based on
patient age, lymphocyte count and platelet count (PLT). In this feature space, no equally
clear “harmonic” ordering of data and inter-variable dependencies was observed as in
Taxonomy I; however, the clustering still yielded four patient types (“Type 1”, “Type 2”,
“Type 3” and “Type 4”). The clinical characteristics of these four types are presented in
Table 5 and illustrated in Figure 4.

Table 5. Clinical characteristics of taxonomy II with the types 1–4.

Risk Factor/Clinical Parameter Type 1 Type 2 Type 3 Type 4 p

Age (65), 70 ± 8; 70 (96), 68 ± 8; 68 (56), 57 ± 8; 57 (12), 40 ± 5; 41 <0.0001

Lymphocytes (g/L) (65), 0.97 ± 0.27; 1.00 (94), 2.21 ± 0.63; 2.15 (54), 1.42 ± 0.44; 1.42 (12)—1.69 ± 0.42; 1.60 <0.0001

Platelets (g/L) (65), 262 ± 102; 234 (96), 290 ± 81; 285 (56), 422 ± 144; 373 (12), 280 ± 81; 283 <0.0001

Height (cm) (62), 165 ± 11; 166 (93), 167 ± 9; 167 (54), 170 ± 10; 169 (12), 173 ± 8; 173 0.0122

Haemoglobin (g/dL) (65), 11.6 ± 2.3; 12.0 (96), 12.9 ± 1.9; 13.1 (56), 11.7 ± 1.9; 11.6 (12), 12.2 ± 2.3; 12.7 0.0004

Leukocytes (g/L) (65), 7.44 ± 3.44; 6.67 (95), 8.97 ± 2.45; 8.90 (56), 8.38 ± 3.04; 8.25 (12), 8.09 ± 2.55; 7.55 0.0146

NRL (65), 6.43 ± 4.73; 5.25 (94), 2.97 ± 1.52; 2.64 (54), 4.92 ± 2.85; 4.52 (12), 4.09 ± 2.78; 3.11 <0.0001

PLR (65), 296 ± 155; 248 (94), 140 ± 45; 135 (54), 315 ± 136; 268 (12), 169 ± 45; 174 <0.0001

T stage (64), 2.8 ± 0.6; 3 (96), 2.8 ± 0.7; 3 (53), 3.1 ± 0.5; 3 (12)—2.5 ± 0.7; 3 0.0059

N stage (64), 0.8 ± 0.8; 1 (95), 0.8 ± 0.9; 1 (53), 1.2 ± 0.8; 1 (12)—1.4 ± 0.8; 2 0.0097

M stage (64), 0.1 ± 0.3; 0 (93), 0.3 ± 0.5; 0 (50)—0.2 ± 0.4; 0 (12)—0.3 ± 0.5; 0 0.0877

Clinical TNM stage (64), 3.8 ± 2.1; IIIB (91), 4.0 ± 2.4; IIIA (50)—5.0 ± 1.7; IIIB (12)—5.0 ± 2.0; IIIB 0.0218

Astler-Coller classification (stage) (64), 3.0 ± 1.4; C2 (92), 3.1 ± 1.6; C2 (50), 3.8 ± 1.0; C2 (12)—3.7 ± 1.3; C2 0.0194
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Taxonomic distance 

Figure 4. Taxonomic dendrogram of patients and their profiles based on age, lymphocyte count and
platelet count (PLT) in Taxonomy II.

When a similar analysis was conducted in patients included in Taxonomy II, no similar
homogeneity of data was found. Nevertheless, the group was divided into four types
(“Type 1”, “Type 2”, “Type 3” and “Type 4”). The clinical characteristics of Taxonomy II,
including the four identified types, are shown in Table 5.

The analysis of the data using the same analytical scheme as in the case of Taxonomy
I showed that the most representative type in Taxonomy II was Type 2 (n = 96). These
patients exhibited the highest levels of lymphocytes, haemoglobin, and leukocytes, along
with the lowest levels of NLR and PLR. They also had a relatively lower clinical stage
according to the TNM and Astler-Coller classification.

Importantly, Type 2 patients differed significantly in terms of clinical parameters
from Type 1 subjects of the same age, although both groups represented a similar health
status as measured by the oncological classification. The age of the patients was inversely
proportional to their height. The statistical analysis showed that younger patients had a
worse prognosis. The study also showed some other indirect causal relationships, which
were relatively insignificant compared to the above findings.

The results of taxonomies for other combinations of risk factors that provided at least
one statistical difference (p < 0.05) or borderline statistical significance (p < 0.1) in terms of
clinical responses (TNM classification) are given in Table 6.
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Table 6. Three variables of a taxonomic set of clinical features that predicted statistically different
(p < 0.05) clinical responses.

Statistical Significance (p < 0.05) for Parameter 1 Parameter 2 Parameter 3

2 or 3 clinical responses
BMI Lymphocytes Platelets

BMI Lymphocytes PLR

1 clinical response

Age BMI Lymphocytes

Age BMI NRL

Age Leukocytes Lymphocytes

Age Lymphocytes NRL

BMI Haemoglobin Neutrophils

BMI Haemoglobin Platelets

BMI Leukocytes NRL

BMI Neutrophils NRL

Haemoglobin Leukocytes Neutrophils

Haemoglobin Leukocytes Lymphocytes

Haemoglobin Leukocytes Platelets

Haemoglobin Neutrophils Platelets

Haemoglobin Lymphocytes Platelets

Haemoglobin Lymphocytes NRL

Neutrophils Lymphocytes NRL

Neutrophils Lymphocytes PLR

The analysis of the data for the additional taxonomic sets showed that only two of
them reflected causal relationships that were considered reliable due to the number of
positive clinical responses. Therefore, 84 combinations of clinical features were analysed.
Only 20 (2 + 18) taxonomic combinations reflected a causal relationship with the clinical
responses, such as stages (T, N, M). Based on the taxonomic analysis, the most important
prognostic factors for patients in terms of oncological classification were BMI, lymphocyte,
platelet and haemoglobin levels. The taxonomic relationships identified here supplement
the knowledge about causal patterns obtained from ordinal logistic regression, in which
these factors were expressed through odds ratios, providing a structural and nonlinear
perspective on the prognostic value of these factors.

4. Discussion
This study analysed systemic inflammatory, haematological, and anthropometric

parameters in patients with newly diagnosed colorectal cancer (CRC), with particular
emphasis on sex-related differences and tumour stage. Male patients demonstrated consis-
tently higher neutrophil and leukocyte counts, elevated CEA concentrations, and higher
NLR values, which may reflect both a more pronounced inflammatory response and po-
tentially more aggressive tumour biology. These observations are in line with previous
studies suggesting sex-specific biological and clinical patterns in CRC progression, where
obesity and elevated BMI show a stronger correlation with CRC incidence in men compared
with women [32–36].

Multivariable logistic regression confirmed that PLR and CEA levels were positively
correlated with more advanced TNM stages, while higher haemoglobin concentration was
inversely associated with tumour progression. These findings reinforce the prognostic value
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of accessible and cost-effective systemic inflammatory markers. Such markers, particularly
PLR and NLR, have been consistently linked to adverse outcomes in CRC [37,38] and other
malignancies, including lung [39,40], gastric [41,42], and ovarian cancers [43,44], as well as
in patients undergoing immunotherapy [45].

The novel contribution of this study lies in the introduction of a taxonomy-based
classification system that integrates inflammatory, haematological, and anthropometric
data. Using a multivariate clustering approach, three distinct clinical-biochemical taxa
(Taxonomy I) were identified, each with a unique systemic and metabolic profile. Pa-
tients classified as Type 3 exhibited the most unfavourable characteristics: low BMI and
haemoglobin levels, high platelet counts, elevated CEA and PLR values, and advanced
tumour stage (TNM IIIC). This group likely represents a cachectic-inflammatory phenotype
associated with poor prognosis. In contrast, Type 1 patients had higher BMI, lower inflam-
matory markers, and less advanced disease, while Type 2 was characterised by elevated
neutrophil and leukocyte counts, indicating a systemic inflammatory response.

A secondary classification (Taxonomy II) further stratified the cohort into four groups.
Type 2 patients in this model displayed the most favourable profiles, with high lymphocyte
and haemoglobin levels, low NLR and PLR values, and less advanced clinical staging.
These taxonomic patterns suggest that inflammatory and metabolic markers can be used
not only as prognostic indicators but also as a basis for stratifying patients into biologically
and clinically meaningful subgroups.

Our results are consistent with the growing body of evidence linking systemic inflam-
mation and nutritional status to cancer prognosis. For instance, Petrelli et al. [34] reported
that while obesity is generally associated with decreased overall and cancer-specific sur-
vival, it may paradoxically confer a survival advantage in certain malignancies such as
lung, kidney, and melanoma. Similarly, Harmantepe et al. [46] proposed combining clini-
cal, inflammatory, and histopathological indicators in obstructive CRC to refine survival
prediction. Our taxonomy reflects this complexity by integrating body composition with
immunological and haematological parameters.

The prognostic significance of PLR and NLR has been well documented across tumour
types. Zhou et al. [47] demonstrated that high PLR was associated with worse outcomes in
immunotherapy-treated lung cancer, while Wang et al. [48] reported a similar association
with clinical outcomes in surgically treated lung cancer patients. Unlike previous studies
focusing on isolated markers, our taxonomy combines these parameters into multidimen-
sional and clinically interpretable subtypes. Importantly, systemic inflammatory markers
such as NLR and PLR have also been linked to surgical outcomes, including anastomotic
leakage in both general and elderly CRC populations [49–54].

The generalisability of this taxonomic framework to other malignancies appears
promising and warrants further investigation. Although the present analysis focuses
on CRC, stratification of patients based on routinely collected inflammatory, haema-
tological, and anthropometric data could also enhance prognostic precision in other
oncological settings.

Nevertheless, several limitations should be acknowledged. The double-centre, cross-
sectional design without survival data precludes direct conclusions regarding long-term
outcomes. Further multicentre prospective studies are required to validate these tax-
onomies, integrate molecular tumour characteristics, and assess their predictive value for
treatment response and survival.

5. Conclusions
Colorectal cancer patients can be systematically classified into clinical-biochemical

taxonomies that reflect distinct inflammatory and nutritional states, which correspond to
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differences in tumour advancement. Given their accessibility and low cost, the proposed
taxonomy-based approach has potential for implementation in routine clinical practice and
may support risk-adapted management strategies in CRC and, potentially, other malignan-
cies. Such a taxonomy may facilitate early identification of high-risk patients, particularly
those with a cachectic-inflammatory phenotype, who could benefit from intensified surveil-
lance or adjunctive nutritional and anti-inflammatory interventions. Future prospective
multicentre studies are needed to validate these findings, determine their predictive value
for survival and treatment response, and explore integration with molecular and genomic
tumour characteristics to further refine patient stratification.
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48. Harmantepe, A.T.; Şentürk, A. Survival predictors in obstructive colorectal cancer: A combined clinical, inflammatory, and
histopathological approach. In Vivo 2025, 39, 2419–2428. [CrossRef] [PubMed]

49. Zhou, K.; Cao, J.; Lin, H.; Liang, L.; Shen, Z.; Wang, L.; Peng, Z.; Mei, J. Prognostic role of the platelet to lymphocyte ratio (PLR) in
the clinical outcomes of patients with advanced lung cancer receiving immunotherapy: A systematic review and meta-analysis.
Front. Oncol. 2022, 12, 962173. [CrossRef] [PubMed] [PubMed Central]

50. Wang, J.; Li, H.; Xu, R.; Lu, T.; Zhao, J.; Zhang, P.; Qu, L.; Zhang, S.; Guo, J.; Zhang, L. The MLR, NLR, PLR and D-dimer are
associated with clinical outcome in lung cancer patients treated with surgery. BMC Pulm. Med. 2022, 22, 104. [CrossRef] [PubMed]
[PubMed Central]

51. Sun, J.; Yang, R.; Wu, H.; Li, L.; Gu, Y. Prognostic value of preoperative combined with postoperative systemic immune-
inflammation index for disease-free survival after radical rectal cancer surgery: A retrospective cohort study. Transl. Cancer Res.
2024, 13, 371–380. [CrossRef] [PubMed]

52. Ioannidis, A.; Tzikos, G.; Smprini, A.; Menni, A.-E.; Shrewsbury, A.; Stavrou, G.; Paramythiotis, D.; Michalopoulos, A.;
Kotzampassi, K. Negative and positive predictors of anastomotic leakage in colorectal cancer patients—The case of neutrophil-to-
lymphocyte ratio. Diagnostics 2024, 14, 1806. [CrossRef] [PubMed]

53. Xu, N.; Zhang, J.-X.; Zhang, J.-J.; Huang, Z.; Mao, L.-C.; Zhang, Z.-Y.; Jin, W.-D. The prognostic value of the neutrophil-to-
lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) in colorectal cancer and colorectal anastomotic leakage patients:
A retrospective study. BMC Surg. 2025, 25, 57. [CrossRef]

54. Wang, C.-Y.; Li, X.-L.; Ma, X.-L.; Yang, X.-F.; Liu, Y.-Y.; Yu, Y.-J. Preoperative neutrophil-to-lymphocyte ratio predicts symptomatic
anastomotic leakage in elderly colon cancer patients: Multicenter propensity score-matched analysis. World J. Gastrointest. Surg.
2024, 16, 438–450. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s12094-024-03801-0
https://www.ncbi.nlm.nih.gov/pubmed/39821481
https://pmc.ncbi.nlm.nih.gov/articles/PMC12178976
https://pmc.ncbi.nlm.nih.gov/articles/PMC12178976
https://doi.org/10.3389/fendo.2024.1322253
https://www.ncbi.nlm.nih.gov/pubmed/38904048
https://pmc.ncbi.nlm.nih.gov/articles/PMC11187001
https://doi.org/10.3390/medicina59081399
https://www.ncbi.nlm.nih.gov/pubmed/37629689
https://pmc.ncbi.nlm.nih.gov/articles/PMC10456780
https://doi.org/10.3389/fmed.2022.843074
https://www.ncbi.nlm.nih.gov/pubmed/35795635
https://pmc.ncbi.nlm.nih.gov/articles/PMC9252519
https://doi.org/10.5306/wjco.v15.i10.1264
https://www.ncbi.nlm.nih.gov/pubmed/39473865
https://pmc.ncbi.nlm.nih.gov/articles/PMC11514515
https://doi.org/10.4314/ahs.v19i2.39
https://www.ncbi.nlm.nih.gov/pubmed/31656499
https://pmc.ncbi.nlm.nih.gov/articles/PMC6794528
https://pmc.ncbi.nlm.nih.gov/articles/PMC6794528
https://doi.org/10.3390/jcm7070160
https://www.ncbi.nlm.nih.gov/pubmed/29941786
https://pmc.ncbi.nlm.nih.gov/articles/PMC6069225
https://doi.org/10.3389/fimmu.2024.1408700
https://www.ncbi.nlm.nih.gov/pubmed/39050856
https://pmc.ncbi.nlm.nih.gov/articles/PMC11266030
https://doi.org/10.1371/journal.pone.0236445
https://www.ncbi.nlm.nih.gov/pubmed/32716955
https://pmc.ncbi.nlm.nih.gov/articles/PMC7384660
https://doi.org/10.1007/s10147-022-02272-z
https://www.ncbi.nlm.nih.gov/pubmed/36417028
https://pmc.ncbi.nlm.nih.gov/articles/PMC9889507
https://pmc.ncbi.nlm.nih.gov/articles/PMC9889507
https://doi.org/10.3390/cancers10080251
https://www.ncbi.nlm.nih.gov/pubmed/30061485
https://pmc.ncbi.nlm.nih.gov/articles/PMC6116184
https://pmc.ncbi.nlm.nih.gov/articles/PMC6116184
https://doi.org/10.3390/cancers17010037
https://www.ncbi.nlm.nih.gov/pubmed/39796668
https://pmc.ncbi.nlm.nih.gov/articles/PMC11719015
https://doi.org/10.21873/invivo.14041
https://www.ncbi.nlm.nih.gov/pubmed/40578999
https://doi.org/10.3389/fonc.2022.962173
https://www.ncbi.nlm.nih.gov/pubmed/36059629
https://pmc.ncbi.nlm.nih.gov/articles/PMC9437586
https://doi.org/10.1186/s12890-022-01901-7
https://www.ncbi.nlm.nih.gov/pubmed/35337299
https://pmc.ncbi.nlm.nih.gov/articles/PMC8957174
https://doi.org/10.21037/tcr-23-1289
https://www.ncbi.nlm.nih.gov/pubmed/38410202
https://doi.org/10.3390/diagnostics14161806
https://www.ncbi.nlm.nih.gov/pubmed/39202294
https://doi.org/10.1186/s12893-024-02708-5
https://doi.org/10.4240/wjgs.v16.i2.438
https://www.ncbi.nlm.nih.gov/pubmed/38463372

	Introduction 
	Materials and Methods 
	Materials 
	Methods 
	Patient’s Database Completing 
	Analysis of Blood Samples 
	Statistical Analysis 
	Limitations of the Study 


	Results 
	Study Group 
	Laboratory and Anthropometrics Parameters in Study Group 
	Nosological Structure 
	Characteristics of Taxonomy Types 
	Taxonomy I 
	Taxonomy II 


	Discussion 
	Conclusions 
	References

