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Abstract

Background: Systemic inflammatory indices are increasingly used to predict prognosis
in colorectal cancer (CRC), yet direct comparisons between colon cancer (CC) and rectal
cancer (RC) remain limited. Methods: We conducted a retrospective matched-cohort study
including 296 patients (148 with CC and 148 with RC) surgically treated between January
2018 and December 2024. Patients were matched by tumor stage, sex, and age (£3 years).
Preoperative blood samples were used to calculate several inflammatory markers, including
Neutrophil-to-Lymphocyte Ratio (NLR), Platelet-to-Lymphocyte Ratio (PLR), Monocyte-to-
Lymphocyte Ratio (MLR), Systemic Inflammation Response Index (SIRI), Systemic Immune-
Inflammation Index (SII), and Aggregate Index of Systemic Inflammation (AISI). Subgroup
analyses were performed based on the Charlson Comorbidity Index (>3 vs. <3), surgical
context (elective vs. emergency), and tumor stage (T1-T2 vs. T3-T4). Results: Colon
cancer patients exhibited significantly higher levels of systemic inflammation compared
to those with rectal cancer, with notable differences in NLR (3.99 vs. 2.84, p < 0.001), PLR
(219.8 vs. 163.3, p < 0.001), SIRI (3.7 vs. 1.91, p = 0.004), SII (1533.8 vs. 847.8, p < 0.001),
and AISI (1714.7 vs. 593.6, p = 0.009). These differences remained statistically significant
in key subgroups. In elective surgeries, CC patients had elevated PLR (p < 0.001), SIRI
(p =0.003), SII (p < 0.001), and AISI (p = 0.013). Among patients with advanced tumors
(T3-T4), CC was associated with higher SII (p < 0.001), AISI (p = 0.008), PLR (p < 0.001),
and SIRI (p = 0.004). For those with a Charlson index > 3, CC patients showed significantly
higher PLR (p < 0.001), NLR (p < 0.001) and SIRI (p = 0.001). Conclusions: colon cancer
presents with a markedly stronger systemic inflammatory response than rectal cancer,
particularly in patients with advanced disease, elective surgical treatment, and higher
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comorbidity burden. These findings suggest that indices such as SIRI, SII, and PLR may
serve as valuable stratification tools beyond tumor location in CRC.

Keywords: colon cancer; rectal cancer; systemic inflammation; inflammatory biomarkers;
neutrophil-to-lymphocyte ratio; platelet-to-lymphocyte ratio; systemic immune-inflammation
index; elective surgery; emergency surgery

1. Introduction

Colorectal cancer (CRC) has emerged as a significant public health concern nowa-
days, currently ranking as the third most commonly diagnosed cancer worldwide and the
second leading cause of cancer-related mortality globally [1]. According to GLOBOCAN
2022 data, more than 1.9 million new CRC cases and approximately 935,000 CRC-related
deaths were reported worldwide, with rectal cancer being responsible for a considerable
share—over 310,000 deaths representing one-third of all CRC cases [2]. While countries
with well-developed healthcare systems (USA, Germany, and France) have made significant
reductions in CRC mortality through organized screening programs and early detection
initiatives, many regions in Eastern and Central Europe continue to face serious chal-
lenges in diagnosing early cases [1,3,4]. These persistent disparities stem from structural
healthcare limitations, inadequate screening, and a very low public awareness, altogether
leading to a high proportion of cases being addressed at advanced stages. Even if colon
cancer (CC) and rectal cancer (RC) are often regarded as one pathology within the medical
community, treatment approaches have increasingly diverged, reflecting differing disease
courses and outcomes [5].

These regional patterns are reflected within the Romanian healthcare system as well.
Studies conducted in this country reveal that CC localizations, particularly the ones located
in the right and left colon, account for more than 73% of all CRC cases. Among these, a
slight predominance of right-sided CC was observed in female patients [6]. Colonic tumors
are frequently associated with older age groups (>70 years) and carry an increased risk of
recurrence, especially in proximal colon cancers [7,8].

In a study performed in Timisoara, Romania, RC represents a third of CRC cancer
cases. The incidence of this pathology was notably higher in patients aged 50-69 years.
Unlike CC, RC were more commonly associated with the male gender, and did not show
statistically significant age-related differences in tumor aggressiveness [8].

In spite of significant advancements in surgical techniques, staging systems, and
adjuvant therapies, the prognosis of CC remains strongly dependent on tumor stage.
Five-year overall survival rates vary considerably, reaching almost 90% for stage I and
declining to almost 65% for stage III [5,9]. Prognosis for RC has notably improved with
the adoption of neoadjuvant chemoradiotherapy (nCRT), total mesorectal excision (TME),
and multidisciplinary treatment approaches. However, outcomes remain variable, with
five-year overall survival rates of 85% in stage I and 55% in stage III. Regarding the stage
IV patients, both CC and RC face markedly poor survival, often below 15%, largely due to
limited responsiveness to conventional treatment regimens [9,10].

Among the most accessible and reproducible prognostic tools in CRC are inflammation-
based biomarkers derived from standard blood counts, including the Neutrophil-
to-Lymphocyte Ratio (NLR), Platelet-to-Lymphocyte Ratio (PLR), Systemic Immune-
Inflammation Index (SII), Systemic Inflammation Response Index (SIRI), and Aggregate
Index of Systemic Inflammation (AISI). Elevated pre-treatment levels of these markers
have consistently been associated with poor tumor regression, reduced disease-free sur-
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vival (DFS), and lower overall survival (OS), with reported hazard ratios ranging from
1.5 to 3.2 in multivariate models. For instance, NLR represents the balance between pro-
tumorigenic inflammation and adaptive immunity [11-13]. Studies have shown that an
NLR > 2.3 has been linked to significantly inferior 5-year OS, while SII values above
700 have predicted poor pathological response and increased recurrence risk [14]. The
thrombosis-inflammation interactions are reflected by PLR. Values over 150-200 indicate
platelet activation leading to tumor cell adhesion and metastatic potential through TGF-f3
and PDGEF release [11,15]. More complex markers, such as SII, provide a more detailed
inflammation assessment. Studies have shown that values over 700 indicate a proinflam-
matory, pro-thrombotic state with impaired immune surveillance, correlated with poor
neoadjuvant response and a significant decrease in survival [16,17]. SIRI also belongs to this
group, as it highlights inflammation driven by monocytes. Values exceeding 2 have been
linked to activation of tumor-associated macrophages, which contribute to angiogenesis
and immunosuppression by secreting IL-10, TGF-3, and VEGF [18]. AISI is the most inclu-
sive index, combining all key inflammatory factors. Levels above 500-1000 reflect severe
systemic inflammation, which fosters an environment favorable for tumor growth [19,20].
High pre-treatment values of this marker are consistently linked to poorer tumor response,
shorter disease-free survival, and decreased overall survival, with hazard ratios ranging
from 1.5 to 3.2 in multivariate analyses [16,17,20].

However, despite growing evidence supporting their prognostic value, the overwhelm-
ing majority of studies continue to treat CRC as a unified entity, overlooking the distinct
biological and clinical profiles of CC and RC. Few publications stratify results by tumor
site, and even fewer directly compare inflammatory marker behavior between CC and
RC. For example, a large prospective study by Ose et al. [21] showed that preoperative
CRP and adhesion molecule levels had divergent prognostic implications in colon versus
rectal tumors—yet no inflammatory index like NLR or SIRI was analyzed separately by
site [13,21]. While isolated studies have explored systemic inflammation in RC or CC
alone [15,17,22,23], the literature lacks head-to-head evaluations of inflammation-based
markers between these two tumor types. Given their differing embryologic origins, im-
mune microenvironments, and treatment paradigms, understanding whether systemic
inflammatory responses diverge between CC and RC could have meaningful implications
for personalized risk stratification and therapeutic targeting.

The primary objective of this study was to determine whether CC and RC elicit distinct
systemic inflammatory responses before surgery by directly comparing standard inflam-
matory indices between the two. By selecting matched patient groups with similar age,
gender, and tumor stage, we aimed to isolate the effect of tumor location itself—colon
vs. rectum—on the immune-inflammatory profile. This approach helps clarify whether
CC and RC should be evaluated as distinct entities when using inflammation-based
prognostic markers.

2. Materials and Methods

In order to conduct this study, data were analyzed from the medical records of patients
diagnosed with CC and RC, who underwent surgical treatment and were monitored at
the medical oncology outpatient clinic of the “Pius Brinzeu” County Emergency Clinical
Hospital in Timisoara, Romania. Data collection for this retrospective study included
patients diagnosed and surgically treated for CC or RC between 1 January 2018 and
1 December 2024, at the “Pius Brinzeu” Clinical Emergency Hospital in Timisoara, Romania.
Initially, 236 patients with CC and 174 patients with RC were identified. In order to select
appropriate cases, inclusion and exclusion criteria were established. Only patients who had
a confirmed postoperative histopathological diagnosis of colon adenocarcinoma or rectal
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adenocarcinoma were taken into consideration. Two patient cohorts, with the same size
(148 patients in each cohort) and matching key characteristics, were selected. Specifically,
patients in both groups were matched for disease stage (I-1V), age (£3 years), and gender,
given the known fact that age, gender, and cancer stage have a significant influence on
inflammatory status [8,9,20].

Figure 1 presents the flow of the applied methods. The histopathological examination
was the gold standard diagnosis in our study. Medical charts of patients comprised the
source of raw data.

ELIGIBLE POPULATION

Who? Patients with colon or rectal cancer that underwent surgery

Inclusion criteria
-gold-standard diagnosis

When? January 1. 2018 and December 1. 2024

Exclusion criteria
- blood counts after chemo- or

-primary tumors- colon or rectal
-patients matched for disease stage
(I-1V), age (*3 years), and gender

¥
o

N7

Demographics
age, gender living setting (rural/urban)

Blood counts-Admission

lymphocyte (Lym), monocyte (Mon),
neutrophil (Neu), and platelet (Pla)

INFLAMMATION RATIOS

-

-Neutrophil-to-Lymphocyte Ratio (NLR) = Neu / Lym
-Monocyte-to-Lymphocyte Ratio (MLR) = Mon / Lym

-Platelet-to-Lymphocyte Ratio (PLR) =Pla / Lym

-Aggregate Index of Systemic Inflammation (AISI) =

(NeuxMonxPla)/Lym

-Systemic Immune-Inflammation Index (SII) = (Neu x Pla)/Lym

-Systemic Inflammation Response Index (SIRI) =

(MonxNeu)/Lym

DISEASE DATA
- Charlson index
- Surgery-elective or emergency
- Tumor location
- Relapse
- tumor invasion (T)
- Lymph node invasion (N)
- Metastases (M)
-Lymphovascular invasion, cancer
stage

EVALUATED COHORT

DATABASE

radiotherapy
-patients with SARS-COV2 infection
(before admission or during their
hospital stay)

SUBGROUP
LWEAREI N

RECTAL VS COLON
CANCER

- Key characteristics colon vs

rectal cancer

- Charlson <3

- Charlson >3

- Emergency surgery
- Elective surgery

- Early (T1-T2) tumors
- Advanced (T3-T4) tumors

Figure 1. The setting, raw, and derived data in our study (drawn with Microsoft Visio, v. 16.0, 2019,
Microsoft Corporation, Redmond, WA, USA).

Given that the study timeframe coincided with the COVID-19 pandemic, individuals
with confirmed SARS-CoV-2 infection either before admission or during hospitalization
were excluded, due to the virus’s known impact on systemic inflammation [24-26].

Due to the presence of both CC and RC patients, the timing of the blood sample collec-
tion was essential. The known impact of chemo-radiotherapy on systemic inflammatory
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markers [27] was taken into consideration. Thus, only patients with available pre-treatment
blood tests—either prior to emergency surgery or, in elective cases, before starting neoadju-
vant therapy—were included. In the colon cancer group, only preoperative blood samples
were considered, and patients who had received any form of adjuvant chemotherapy were
excluded from the analysis.

To assess comorbidities, the Charlson Comorbidity Index was employed. Data on
recurrence were also recorded. Histopathological parameters of the resected specimens,
including tumor invasion (T), lymph node involvement (N), presence of metastases (M),
and lymphatic invasion, were analyzed along with the tumor stage.

The study was conducted in accordance with the Declaration of Helsinki and ap-
proved by the Ethics Committee of “Pius Brinzeu” Clinical Emergency Hospital, Timisoara,
Romania (Approval No. 538/8 April 2025).

Statistical Analyses

All statistical analyses were carried out using IBM SPSS Statistics version 25.0 for
Windows (IBM Corp., Armonk, NY, USA). The Shapiro-Wilk test was employed to assess
the normality of numerical data distribution. Continuous data were described using means
and standard deviations or medians and interquartile ranges, depending on distribution.
Categorical variables were summarized as absolute frequencies and percentages. To com-
pare two independent groups, the Student’s t-test was used for normally distributed data,
while the Mann-Whitney U test was applied for non-normally distributed variables. Group
differences in categorical data were examined using either the Chi-square test or Fisher’s
exact test, depending on cell frequencies. A two-tailed p-value < 0.05 was considered
statistically significant for all analyses.

3. Results

In order to conduct this study, data from 296 patients aged between 31 and 82 years
were collected. Only patients who were followed up at the outpatient oncology depart-
ment of the “Pius Brinzeu” County Emergency Clinical Hospital in Timisoara were taken
into consideration.

3.1. Key Information

Patients with CC were less likely to come from rural areas and had a lower proportion
with a Charlson index > 3, as well as nearly four times fewer relapse cases. However, they
presented more frequently with lymphatic invasion and a higher proportion of tumors
staged as T4.

The characteristics of the 2 groups are presented in Table 1.

Table 1. Key characteristics of the investigated cohorts.

Colon Cancer, Rectal Cancer,

Characteristic All, n =296 =148 = 148
Age (M = SD), years 62.43 £+ 8.79 63.07 £ 8.38 61.80 +9.20 0.445
Gender, men 190 (64.2%) 94 (63.5%) 96 (64.9%) 0.904
Rural 123 (41.6%) 48 (32.4%) 75 (50.7%) 0.002
CHARLSON > 3 162 (54.9%) 70 (47.3%) 92 (62.6%) 0.010
Emergency 78 (26.4%) 34 (23%) 44 (29.7%) 0.235

Relapse 29 (9.8%) 6 (4.1%) 23 (15.5%) 0.001
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Table 1. Cont.
. .. Colon Cancer, Rectal Cancer,
Characteristic All, n =296 =148 =148
Stage
I 28 (9.5%) 14 (9.5%) 14 (9.5%)
II 84 (28.4%) 42 (28.4%) 42 (28.4%) 1
III 152 (51.4%) 76 (51.4%) 76 (51.4%)
v 32 (10.8%) 16 (10.8%) 16 (10.8%)
Lymphatic invasion 123 (42.1%) 82 (55.4%) 41 (27.7%) <0.001
pT
1 6 (2%) 4 (2.7%) 2 (1.4%)
2 32 (10.8%) 12 (8.1%) 20 (13.5%) 0.002
3 181 (61.1%) 80 (54.1%) 101 (68.2%)
4 77 (26%) 52 (35.1%) 25 (16.9%)
pN
0 116 (39.2%) 56 (37.8%) 60 (40.5%) 0.489
1 114 (38.5%) 58 (39.2%) 56 (37.8%) )
2 66 (22.3%) 34 (23%) 32 (21.7)
pM 32 (10.8%) 16 (10.8%) 16 (10.8%) 1

M = mean, SD = standard deviation.

We proceeded to analyze the variation of inflammatory markers between the two
groups of patients. After the statistical analysis, the results revealed statistically significant
differences in the majority of them, as seen in Table 2. The only notable exceptions that did
not present significant differences were the monocyte count and the MLR.

Table 2. Variation of inflammatory markers CC vs. RC.

Colon Cancer, Rectal Cancer,

Marker

All, n =296 n = 148 1 =148 r
Lymphocytes 1850 + 768 1697 + 681 2048 + 830 <0.001
Monocytes 651 + 215 655 + 124 647 + 252 0.950
Platelets 313,100 + 126912 331,581 + 137,239 289,242 + 108,195  0.007
Neutrophils 5670 + 2717 6094 + 3161 5285 + 2185 0.034
NLR 339 +2.19 399+ 22 284+ 153 <0.001
MLR 04+ 023 043 + 0.18 0.35 + 0.19 0.245
PLR 195.15 + 115.22 219.84 + 129.27 16328 + 8447  <0.001
AISI 112637 +907.76 171468 = 110826 59355+ 4589  0.009
SIRI 276 + 2.18 37+376 191 + 14 0.004
SII 1173.85 + 12848 1533.83 + 12849  847.83 + 62931  <0.001

3.2. Impact of Comorbidities

Given the observed differences in the proportion of patients with a Charlson index > 3,
we further investigated the presence of significant distinctions between CC and RC patients
from multiple perspectives.

Initially, we focused on patients who had a Charlson index < 3. Among the
296 patients, 133 (44.93%) had a Charlson index below 3, of which 78 (52.7%) were CC
patients, and 55 (37.4.%) were RC patients. No significant differences were observed be-
tween the 2 groups regarding the proportion of male patients (p = 0.215), urban residence
(p =0.176), T stage (p = 0.288), N stage (p = 0.262), cancer stage (p = 0.976), or age (p = 0.327).
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In this subset of patients without any associated comorbidities (Charlson index < 3),
no significant differences were observed in the variation of inflammatory markers between
the two groups. The results are presented in Table 3.

Table 3. Variation of inflammatory markers in cases with Charlson < 3. CC vs. RC.

Marker CC,n=78 RC,n =55 p
Lymphocytes 1665 + 711 2055 + 892 0.022
Monocytes 756 + 170 647 + 185 0.590
Neutrophils 5944 + 3596 5554 + 2349 0.555
Platelets 332,997 + 151,989 338,589 + 116,530 0.828
NLR 4.08 £+ 3.06 32+212 0.127
PLR 230.99 + 141.66 196.68 + 108.94 0.159
MLR 0.53 +0.45 0.38 +0.25 0.310
AISI 1370.98 + 785.54 769.17 4 685.54 0.068
SII 1405.54 + 1084.45 1084.54 + 845.45 0.128
SIRI 3.87 £1.93 221+197 0.068

The situation differed in patients presenting with at least one comorbidity associated
with cancer. Considering patients with a Charlson index > 3, 163 individuals (55.07%) fell
into this category, of whom 71 (43.55%) were diagnosed with CC and 92 (56.45%) with RC.

No significant differences were identified between the two pathologies regarding
the proportion of male patients (p = 0.286), N stage (p = 0.134), overall stage (p = 0.857),
or age (p = 0.153). However, significant differences were identified between the propor-
tions of patients from urban areas, with 50 (71.4%) in one group versus 43 (46.7%) in the
other (p = 0.001).

At the time of evaluating the variation of inflammatory markers, statistical analysis re-
vealed significant differences between the two groups for most markers, with the exception
of monocyte count and the MLR. The results are presented in Table 4.

Table 4. Variation of inflammatory markers in cases with a Charlson score > 3. CC vs. RC.

Marker CCn=71 RC,n=92 p
Lymphocytes 1730 £ 652 2045 + 806 0.012
Monocytes 547 £ 323 646 + 285 0.058
Neutrophils 6232 £ 2731 5004 £+ 1771 0.007
Platelets 330,041 £ 120,263 262,151 £ 94,242 <0.001
NLR 391+217 2.58 £0.92 <0.001
PLR 208.37 + 115.06 145.14 £+ 61.27 <0.001
MLR 0.34 +£0.23 0.33 £0.15 0.797
AISI 1100.89 + 773.14 487.38 + 348.89 0.001
SII 1468.16 + 1099.75 703.87 £ 410.67 <0.001
SIRI 2.89 £226 1.7+ 0.88 0.001

3.3. Emergency vs. Elective Surgery

Regarding the type of surgery performed, out of the 296 patients, 78 (26.4%) underwent
emergency surgery, while the remaining 218 (73.6%) underwent elective procedures. No
significant differences were observed in the proportion of patients undergoing emergency
surgery between those with CC and RC (p = 0.117). Specifically, 34 patients (43.58%) had
CC and 44 patients (56.41%) had RC.

Initially, patients who underwent emergency surgery for the treatment of CC or RC
were analyzed. Patients with CC and RC requiring emergency surgery did not exhibit
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significant differences in terms of the proportion of male patients (p = 0.819), age (p = 0.669),
N stage (p = 0.207), or overall disease stage (p = 0.104).

These patients showed significant differences between proportions regarding the
following variables:

e  Urban residence (22 (53.7%) vs. 12 (32.4%), p = 0.048)
o  Tstage (p =0.022):

O T2(2(5.9%) vs. 0)

O T3 (16 (47.1%) vs. 33 (75%))

O T4 (16 (47.1%) vs. 11 (25%))

Although only two aspects showed significant differences between patients with
CC and RC who underwent emergency surgery, the variation in inflammatory markers
between the two pathologies did not differ significantly within this patient subgroup. The
variation and differences between the two groups are presented in Table 5.

Table 5. Inflammation ratios in emergency surgery. CC vs. RC.

Marker CC,n=34 RC,n=44 p
Lymphocytes 1650+ 684 1628 + 780 0.907
Monocytes 476 + 314 620 + 298 0.065
Neutrophils 6.41 +3.94 5.80 + 3.41 0.303
Platelets 320,625 + 150,987 304,000 + 103,749 0.610
NLR 4.50 +2.95 3.94 +2.38 0.490
PLR 211.13 4+ 126.59 215.48 + 100.73 0.881
AISI 1166 + 815 917.50 + 777.59 0.315
SII 1652.06 4+ 1013 1226 + 937.82 0.246
SIRI 3.16 £2.75 2.79 +£2.30 0.624

The only parameter that showed a statistically significant difference in mean values
between CC and RC was the monocyte-to-lymphocyte ratio (MLR), with values of 0.3 & 0.21
versus 0.45 £ 0.3, respectively (p = 0.037).

Among patients who underwent elective surgery, 114 (52.3%) had CC, and the re-
maining 104 (47.7%) had RC. No significant differences were observed in the proportion of
patients undergoing elective surgery between the CC and RC groups (p = 0.117). Patients
with CC and RC who required surgical intervention did not show significant differences
regarding the proportion of male patients (p = 0.431), age (p = 0.077), N stage (p = 0.276), or
overall disease stage (p = 0.696).

These patients showed significant differences in the proportions regarding:

e  Urban residence (78 (68.4%) vs. 54 (51.9%), p = 0.009)
e T stagep =0.004:

O T1(4(3.5%)vs. 2(1.9%))

O T2 (10 (8.8%) vs. 20 (19.2%))

O T3 (64 (56.1%) vs. 68 (65.4%))

O T4 (36 (31.6%) vs. 11 (13.5%))

In contrast to patients undergoing emergency surgery, where no significant differences
were identified in the variation of inflammatory markers, patients operated on electively
showed statistically significant changes in the majority of evaluated parameters between
CC and RC. The results are presented in Table 6.
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Table 6. Inflammation ratios in elective surgery. CC vs. RC.

Marker CCM+SD)n=114 RC(M £ SD) n =104 p
Lymphocytes 1710 + 682 2221 £ 791 <0.001
Monocytes 705 £ 140 658 £ 231 0.726
Neutrophils 5.87 £2091 51£15 0.041
Platelets 334,769 + 133,548 283,187 £ 110,046 0.004
NLR 3.85 £ 2.53 2.44 £0.78 <0.001
PLR 222.17 +130.44 141.86 £ 66.47 <0.001
MLR 047 +£0.19 0.31 £0.08 0.077
AISI 1606.29 £ 527.99 577.26 + 322.55 0.013
SII 1350.09 £ 509.21 711.99 £+ 401.11 <0.001
SIRI 3.84 +2.32 1.59 £ 0.68 0.003

3.4. Evaluating Early (T1-T2) vs. Advanced (T3-T4) Tumors

Given that significant differences in T stage variation were observed between CC and
RC patients within each group, we decided to compare two samples: those presenting with
T1-T2 stage and those with T3-T4 stage.

Among the patients, 38 (12.83%) presented with T1-T2 stage, of whom 16 (42.1%)
had CC and 22 (57.9%) had RC. No significant differences were identified between the
two proportions (p = 0.385).

In this limited group, no significant differences were observed between the two pathologies
regarding the proportion of male patients (p = 0.187), urban residence (p = 0.309), N stage
(p = 0.143), overall disease stage (p = 0.148), presence of Charlson index > 3 (p = 0.188), or
age (p = 0.218).

No significant differences were identified regarding the inflammatory ratios investi-
gated; however, differences in blood cell counts were observed. The results are presented
in Table 7.

Table 7. Inflammation ratios in T1-T2 early tumors. CC vs. RC.

Marker CCn=16 RC,n=22 p
Lymphocytes 1810 + 964 2467 + 885 0.044
Monocytes 577 £ 276 754 £ 197 0.041
Neutrophils 4352 + 1634 5765 + 276 0.022
Platelets 245,125 + 71,687 336,600 + 148,520 0.022
NLR 2.63 + 1.47 243 +1.47 0.627
PLR 189.92 + 154.41 139.94 + 41.95 0.143
MLR 0.45 4+ 0.19 0.36 + 0.05 0.296
AISI 551.19 + 474.46 617.98 4 349.45 0.702
SII 711.71 £ 520.49 815.59 + 444.47 0.536
SIRI 1.94 £1.23 1.77 £0.33 0.720

Among the patients, 258 (87.16%) presented with T3-T4 stage, of whom 132 (51.16%)
had CC and 126 (48.84%) had RC. No significant differences were identified between the
two proportions (p = 0.455).

No significant differences were observed between the two pathologies regarding
the proportion of male patients (p = 0.796), N stage (p = 0.406), overall disease stage
(p = 0.795), or age (p = 0.378). However, significant differences were identified in the
proportions of patients from urban areas (88 (66.7%) vs. 61 (48.4%), p = 0.004), although
no significant difference was found in the presence of a Charlson index > 3 (64 (48.5%) vs.
78 (62.4%), p = 0.188).



Diagnostics 2025, 15, 2387

10 of 17

In these patients, significant differences were observed in the majority of the inves-
tigated inflammatory parameters, with the exception of monocyte count and MLR. The
results are presented in Table 8.

Table 8. Inflammation ratios in T3-T4 advanced tumors. CC vs. RC.

Marker CC,n=132 RC,n=126 p
Lymphocytes 1683 + 640 1956 + 792 0.006
Monocytes 664 + 131 623 + 257 0.733
Neutrophils 6391 + 3268 5176+ 2276 0.006
Platelets 342,560 + 139,823 278,718 + 94,931 <0.001
NLR 422 +£271 2.94 +1.67 <0.001
PLR 222.24 + 126.25 168.46 + 90.62 <0.001
MLR 0.43 +0.12 0.36 +0.21 0.349
AISI 1713.33 4+ 741 587.87 + 498.66 0.008
sl 1474.2 + 763.49 855.33 £+ 6666.9 <0.001
SIRI 4+214 1.94 £+ 1.55 0.004

Of the 296 patients, 19 died (8 for CC and 11 for RC, with no significant differences
between, p = 0.643); however, the exact time interval between the surgical intervention and
death is unknown. The proportion of these patients according to the type of pathology is
presented in Figure 2.

CCvs RC
94.59% 92.57%

100.00%
80.00%
60.00%
40.00%
20.00%

0.00%

CC RC

M Decesed M Alive

Figure 2. Deceased patients CC vs. RC.

4. Discussion

Recently, the management and treatment of CC and RC have made serious advance-
ments, specifically with the aid of multimodal therapeutic approaches and the identification
of new prognostic markers. Treatment strategies include surgeries, chemotherapy, and
nCRT, all of them improving significantly the clinical outcomes [5,8,10]. However, patients’
prognosis remains highly variable, dependent on the stage and individual biological char-
acteristics [9,10,28]. Therefore, the evaluation of accessible clinical and biological markers
becomes essential for more precise risk stratification and personalized treatment, aiming
to optimize therapeutic results. This context underscores the ongoing need for research
and monitoring of these markers in clinical practice to adapt therapeutic strategies to the
specific needs of each patient.

In our study, the proportion of patients from rural areas was significantly higher in
RC (50.7% vs. 32.4% in colon cancer; p = 0.002), which may affect access to screening and
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early treatment. This finding aligns with other studies that reported increased incidence
of advanced colorectal cancers in rural populations, likely due to limited preventive and
diagnostic healthcare services [1,29,30]. Additionally, a Charlson score > 3, indicating
greater comorbidity burden, was more frequent in RC (62.6% vs. 47.3%, p = 0.010). The
greater Charlson score in RC patients likely reflects a later presentation in older individuals,
often from rural areas with limited access to early medical care. These patients tend to
accumulate more chronic illnesses over time, which contributes to the higher comorbidity
burden observed at diagnosis [31,32].

Interestingly, CC patients had about four times fewer recurrences (4.1% vs. 15.5%,
p = 0.001) compared to RC patients, likely due to the distinct biological and therapeutic
characteristics of rectal tumors, where technical challenges of total mesorectal excision and
more aggressive local behavior increase local recurrence risk [21,33].

When analyzing the inflammatory parameters, our analysis revealed significant differ-
ences in nearly all parameters assessed, with the exception of monocyte count and MLR.
These results highlight the possibility that monocytes play a more intricate role in colorectal
carcinogenesis than what can be inferred from peripheral blood values alone. Within the
tumor microenvironment, monocytes can differentiate into distinct subsets with varying
immunological functions, potentially exerting different effects in CC compared to RC.
However, these intratumoral dynamics are not easily reflected in systemic markers such as
absolute monocyte counts or MLR [34]. Lymphocyte levels were significantly lower in CC
(1697 + 681) compared to RC (2048 + 830; p < 0.001), suggesting a state of lymphopenia
that may reflect impaired immune surveillance and facilitate tumor progression. This
aligns with the work of Coussens, who emphasized the critical role of adaptive immunity
in tumor control mechanisms [35].

Inflammatory ratios such as NLR (p < 0.001), PLR (p < 0.001), and SII (p < 0.001)
were significantly elevated in CC, indicating a more pronounced systemic inflammatory
response. These markers have consistently been linked with poor outcomes in CRC, as
demonstrated in large-scale studies [11,14]. Among them, NLR has emerged as a robust
predictor of tumor progression and survival, and the differences observed between CC
and RC may reflect underlying disparities in tumor—-microenvironment interactions [11].
Composite indices such as SII (p <0.001) and SIRI (p = 0.004) were also markedly higher
in CC, further supporting a heightened inflammatory state. These findings underscore a
distinct systemic inflammatory profile in CC, which may reflect underlying differences in
tumor immunogenicity, stromal composition, and microbiota-driven immune modulation
compared to RC [36,37].

4.1. Impact of Comorbidities

Our data reveal a clear stratification of systemic inflammatory burden according to
comorbidity status, as assessed by the Charlson Comorbidity Index in both CC and RC.
Among patients with low comorbidity (CCI < 3), the differences in inflammatory markers
between CC and RC were relatively modest and did not reach statistical significance, except
for lymphocyte counts, which remained significantly lower in CC (p = 0.022). However,
when speaking about the patients with important comorbidities, the differences became
significant for most of the investigated parameters (neutrophil count, NLR, PLR, AISI, SIRI,
SII) with higher values in CC patients. This suggests that, in the absence of additional
comorbidity-related inflammatory stimuli, colonic and rectal tumors may exhibit more
comparable systemic immune profiles. Notably, these findings align with recent observa-
tions that comorbidities can amplify baseline inflammatory markers, thereby confounding
their tumor-specific prognostic value in CRC populations [31,38,39].
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Moreover, a more pronounced inflammatory activation observed in CC may be
due to the distinct molecular immunologic and microbial characteristics. Particularly,
right-sided colon cancers are frequently classified under CMS1 (microsatellite instability—
high, immune-active), a subtype marked by dense immune infiltration and elevated sys-
temic inflammation [40,41]. This intrinsic immune activation is often further amplified by
comorbidity-driven inflammation.

4.2. Elective vs. Emergency Surgery

Patients undergoing elective surgery exhibited markedly greater differences between
CC and RC across multiple systemic inflammatory markers—including NLR (p < 0.001),
PLR, SII, and AISI—than those treated in emergency settings, where these differences were
attenuated (e.g., NLR p = 0.49).

It is a well-known fact that emergency interventions involve acute clinical situations,
often complicated by conditions such as perforations, severe infections, ischemia, or peri-
tonitis, that reveal a pronounced and nonspecific inflammatory response. This widespread
inflammation leads to a fast and significant increase in hematological inflammatory pa-
rameters (NLR, PLR, SII, SIRI, AISI), regardless of the tumor’s etiology or location [17,20].
Thus, acute systemic inflammation “masks” the inherent differences between CC and RC,
reducing the predictive and discriminatory value of these biomarkers in the context of
emergency surgeries.

On the other hand, patients who underwent elective surgeries are generally in a
more stable clinical condition, allowing for a more accurate assessment of tumor-specific
inflammation and evaluation of the differences between CC and RC. Moreover, elective
surgeries enable better planning, management of comorbidities, and administration of
adjuvant treatments, which may explain the more pronounced differences observed in
inflammatory markers, especially in CC [20,33].

Therefore, evaluating inflammatory markers in the elective setting can serve as a
valid tool for prognostic stratification and personalized management. In contrast, during
emergency interventions, these markers tend to be less specific due to the acute systemic
inflammatory response, reducing their predictive and discriminatory value. This distinc-
tion highlights the importance of context when interpreting inflammatory biomarkers in
colorectal cancer patients.

4.3. Early (T1-T2) vs. Advanced (T3-T4) Tumors

When evaluating CC and RC depending on the characteristics of tumor invasion,
the investigated markers diverged more significantly between CC and RC in advanced
tumors (T3-T4). In the early tumors, no significant differences were observed between
the two groups in the investigated ratios (NLR, PLR, AISI, SIRI, SII). However, things
presented a completely different perspective when we evaluated the results for the T3-T4
group. In this subset, key biomarkers (NLR, PLR, SII) presented extremely significant
differences with a p <0.001, while AISI and SIRI presented strong differences as well
in patients with CC cancer. This differential response may reflect the complex tumor
microenvironment of CC, which becomes progressively more immunologically reactive
as the disease advances. Elevated systemic inflammation is driven by chronic release of
proinflammatory cytokines (e.g., IL-6, TNF-«), recruitment of neutrophils and macrophages,
and expansion of Th1/Th17 responses—features linked to tumor progression and immune
dysregulation in colon cancer [42,43].

Moreover, increased platelet activity in advanced CC, indicated by elevated PLR,
contributes to tumor angiogenesis and metastatic potential [11,15]. The predominance
of CMS1 molecular subtype in right-sided CC, characterized by immune activation and
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high microsatellite instability (MSI), further explains the stronger systemic inflammatory
profile compared to RC [40,41]. In contrast, early-stage tumors (T1-T2) displayed minimal
inflammatory differences between CC and RC, consistent with a more immunologically
quiescent microenvironment and a favorable prognosis [44].

As seen throughout all our studies, there were significant differences between CC
and RC regarding the inflammatory status. Even if there is a low number of studies that
approach this subject [45-47], there are few explanations, such as distinct molecular, im-
munological, and microbial characteristics that support the differences between CC and RC.
Colon tumors, particularly those in the right colon, often correspond to the CMS1 molecular
subtype characterized by MSI and a strong T-cell immune infiltration. This immune activity
is mediated by a proinflammatory and immunoactive tumor microenvironment [40,41].
Such intense immune engagement leads to a state of chronic inflammation, both locally
and systemically, which is reflected in increased levels of inflammatory markers such as
NLR, PLR, and SII.

Moreover, these distinct systemic inflammatory marker profiles may be partly ex-
plained by the microbiota of the right colon that contributes significantly to this inflamma-
tory response. Numerous studies have found that Fusobacterium nucleatum is frequently
enriched in colon cancer tissues, especially in the right colon, where it promotes production
of proinflammatory cytokines like IL-6 and TNF-«. These cytokines recruit neutrophils
and activate platelets, amplifying systemic inflammation [47,48]. F. nucleatum enhances
colorectal tumorigenesis through mechanisms, including the activation of NF-«B and
TLR-mediated inflammatory pathways, contributing to a chronically inflamed tumor mi-
croenvironment that favors tumor progression and aggressiveness [49]. High intratumoral
loads of F. nucleatum have also been associated with worse clinical outcomes and increased
metastasis in colorectal cancer patients [50].

In contrast, rectal tumors, located in the distal segment of the colorectal tract, often
exhibit a more heterogeneous molecular phenotype, predominantly comprising CMS2-4
subtypes. These subtypes are associated with a tumor microenvironment that is more
immunosuppressive or less inflammatory [41,51]. Additionally, the rectal microbiota tends
to be more stable and less involved in systemic inflammatory processes, which aligns with
the lower levels of hematological inflammatory markers observed in rectal cancer patients
in both our data and the specialized literature.

In addition to microbial differences, several anatomical, embryological, and immuno-
logical factors likely contribute to the heightened systemic inflammatory state observed
in CC. Anatomically, the colon has a longer length, greater surface area, and slower tran-
sit time compared to the rectum, resulting in prolonged exposure to microbial products
and potential carcinogens, which can chronically stimulate mucosal immune responses
and inflammation [41,52].

These embryologic and molecular distinctions are accompanied by differing expression
of immunologic markers and inflammatory pathways, leading to variable recruitment of
innate immune cells and cytokine production across tumor sites [53]. Collectively, these
factors contribute to a more active and systemic inflammatory profile in CC compared to
RC, supporting our findings and reinforcing the need for location-specific interpretation of
inflammatory biomarkers in CRC patients.

Study Limitations

Although our study provides valuable insights into differences in systemic inflam-
matory status between CC and rectal cancer RC, certain methodological limitations must
be acknowledged. The retrospective design limited our ability to control for relevant con-
founding variables such as smoking, the presence of obesity, diabetes, genetic syndromes,
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and concomitant medication, all of which can influence inflammatory marker levels and,
consequently, clinical outcomes. Moreover, the accuracy of tumor staging—particularly
the T and M components—may have been affected by variability in imaging techniques
and interpretation, even when standardized protocols were followed, introducing potential
classification bias. In addition, our study relied on static measurements of inflammatory
markers without longitudinal follow-up, which may limit our understanding of the dy-
namics of therapeutic response and disease progression. A further limitation of this study
is the relatively small sample size in certain subgroups—particularly T1-T2 stages, and low
Charlson index—which may reduce the statistical power to detect meaningful differences.
Additionally, multiple inflammatory markers were compared across several clinical vari-
ables without formal correction for multiple testing. As such, these subgroup analyses were
considered exploratory, and their results should be interpreted with appropriate caution.

Nevertheless, it is important to emphasize that our study is among the few that directly
compare systemic inflammatory profiles between colon and rectal cancer in a substantial
patient cohort. This comparison highlights fundamental biological and clinical differences
between these two entities, providing a solid basis for personalized interpretation of in-
flammatory biomarkers and optimization of tailored clinical management. Therefore, our
findings contribute significantly to the current literature and support the need for prospec-
tive studies aimed at elucidating underlying mechanisms and validating the prognostic
utility of these biomarkers as disease-specific tools.

5. Conclusions

Our study demonstrates clear and significant differences in systemic inflammatory
profiles between colon cancer and rectal cancer, with a markedly enhanced inflammatory
response in colon cancer, especially in advanced T stages, and in patients undergoing
elective surgery. Although survival outcomes show no statistical difference between CC
and RC, these findings highlight the necessity for nuanced, tumor site-specific interpretation
of inflammatory biomarkers to optimize personalized management strategies in colorectal
cancer. By elucidating the biological heterogeneity between colon and rectal tumors, our
work advances understanding in the field and provides a framework for future research
aimed at refining prognostic tools and tailoring therapeutic approaches.
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