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Objective. This study aims to evaluate the impact and predictive value of the preoperative NPRI on short-term complications and
long-term prognosis in patients undergoing laparoscopic radical surgery for colorectal cCancer (CRC). Methods. A total of 302
eligible CRC patients were included, assessing five inflammation—and nutrition-related markers and various clinical features for
their predictive impact on postoperative outcomes. Emphasis was on the novel indicator NPRI to elucidate its prognostic and
predictive value for perioperative risks. Results. Multivariate logistic regression analysis identified a history of abdominal surgery,
prolonged surgical duration, CEA levels ≥5 ng/mL, and NPRI≥ 3.94× 10−2 as independent risk factors for postoperative com-
plications in CRC patients. The Clavien–-Dindo complication grading system highlighted the close association between preopera-
tive NPRI and both common and severe complications. Multivariate analysis also identified a history of abdominal surgery, tumor
diameter ≥5 cm, poorly differentiated or undifferentiated tumors, and NPRI≥ 2.87× 10−2 as independent risk factors for short-
ened overall survival (OS). Additionally, a history of abdominal surgery, tumor maximum diameter ≥5 cm, tumor differentiation
as poor/undifferentiated, NPRI≥ 2.87× 10−2, and TNM Stage III were determined as independent risk factors for shortened
disease-free survival (DFS). Survival curve results showed significantly higher 5-year OS and DFS in the low NPRI group compared
to the high NPRI group. The incorporation of NPRI into nomograms for OS and DFS, validated through calibration and decision
curve analyses, attested to the excellent accuracy and practicality of these models. Conclusion. Preoperative NPRI independently
predicts short-term complications and long-term prognosis in patients undergoing laparoscopic colorectal cancer surgery, enhanc-
ing predictive accuracy when incorporated into nomograms for patient survival.

1. Introduction

In a global context, colorectal cancer (CRC) stands as the third
most prevalent malignancy, trailing only lung cancer, and
serves as a common cause of cancer-related mortality [1]. Sur-
gical resection is currently the primary treatment for Stages I

and II CRC, proven to be the sole curative approach. Since the
1990s, laparoscopic surgery has emerged as an effective alter-
native to open surgery, showcasing advancements in achieving
excellent oncological radicality while enhancing the protection
of the pelvic nerve plexus [2, 3]. Notably, laparoscopic surgery
is associated with shorter hospital stays, reduced rates of wound
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infections, alleviated pain, and faster recovery compared to
open surgery [4]. Despite significant improvements in surgi-
cal techniques, perioperative management, and multidisci-
plinary treatment, there is limited progress in the prognosis,
survival, and prevention of recurrence and metastasis for
some patients. Furthermore, complications such as anasto-
motic leakage, intestinal obstruction, and bleeding after lapa-
roscopic CRC radical surgery continue to pose a significant
risk, significantly impacting both short-term quality of life
and long-term oncological outcomes [5]. Therefore, the
development of optimal biomarkers for predicting postoper-
ative complications and adverse outcomes following laparo-
scopic CRC radical surgery holds paramount importance in
clinical practice.

The established connection between inflammation and
cancer involves the host’s immune response to tumors and
the release of inflammatory chemokines and cytokines by
tumor-associated leukocytes and cancer cells, influencing
various aspects of tumor biology [6]. Recent reports confirm
that inflammation markers can serve as predictors of post-
operative complications and prognosis in cancer patients.
These markers include neutrophils, lymphocytes, platelets,
monocytes, and combinations thereof, such as the platelet-
to-lymphocyte ratio (PLR) and the neutrophil-to-lymphocyte
ratio (NLR) [7, 8]. Lymphocytes play a crucial role in inhibit-
ing cancer cell proliferation, and their significant reduction
weakens immune responses, particularly in advanced cancer
[9]. Platelets, induced by tumor cells, release growth factors,
promoting angiogenesis and tumor growth [10]. Neutrophils,
part of the innate immune system, promote cancer develop-
ment by releasing the extracellular matrix and inflammatory
factors in the tumor microenvironment [11]. Malnutrition,
common in cancer patients, significantly impacts prognosis
[12]. Preoperative malnutrition in CRC patients increases the
risk of postoperative complications and affects prognosis [13].
Serum albumin and prealbumin are common indicators for
assessing nutritional status, exhibiting antioxidant and anti-
inflammatory effects. Albumin is the most abundant plasma
protein found in humans. Lower levels of albumin indicate
malnutrition or are associated with the inflammatory pro-
cesses that inhibit albumin production or increase albumin
consumption [14]. On the other hand, prealbumin, a nongly-
cosylated plasma protein synthesized in the liver, plays a role
in transporting thyroid hormones and vitamin A [15]. It
demonstrates good sensitivity and specificity to changes in
protein synthesis and breakdown metabolism, proving to be
more sensitive than serum albumin. Consequently, it can
more effectively assess patients’ protein consumption and
nutritional status [16].

The combination of inflammation markers and nutri-
tional assessment aids in predicting postoperative complica-
tions and prognosis in cancer patients. Recent research
identifies the neutrophil-to-albumin ratio (NAR) as an inde-
pendent influencing factor for the mortality of patients with
pancreatic [17] and rectal cancer [18], demonstrating high
sensitivity. The predictive value of indicators such as the
C-reactive protein-to-albumin ratio, the fibrinogen-to-albu-
min ratio, and others in the treatment of malignant tumors

has also been successively reported [19, 20]. Currently, the
preoperative NPRI has only been reported to be associated
with the prognosis of curative resection of intrahepatic cholan-
giocarcinoma [21], but its impact on postoperative complica-
tions and long-term prognosis in patients undergoing
laparoscopic radical resection for colorectal cancer has not
been reported. This study aims to investigate the relationship
between preoperative NPRI and short-term complications and
long-term prognosis in patients undergoing laparoscopic radi-
cal CRC surgery. Additionally, the study seeks to construct line
graph prediction models for 1-, 3-, and 5-year OS and DFS in
CRC following laparoscopic radical surgery, providing a theo-
retical basis for improving perioperative treatment.

2. Materials and Methods

2.1. Study Population. A total of 302 cases meeting the inclu-
sion criteria were retrieved from the Hospital Information
System (HIS) of Taizhou People’s Hospital, who had under-
gone surgical treatment in the Department of Gastrointesti-
nal Surgery between June 2015 and June 2017.

2.1.1. Inclusion Criteria

(1) Preoperative diagnosis of CRC confirmed by postop-
erative pathology;

(2) TNM stage of CRC as stages I–III;
(3) Blood samples obtained within 1 week prior to sur-

gery to reflect preoperative baseline levels;
(4) Elective laparoscopic surgery performed with com-

plete resection of the tumor, excluding emergency
cases to avoid confounding factors related to surgical
approach influencing the interpretation of results;

(5) Complete clinical and pathological data available to
ensure data quality;

(6) Postoperative follow-up data available for evaluation
of long-term prognosis;

(7) Approval obtained from the Clinical Research Ethics
Committee of Taizhou People’s Hospital.

2.1.2. Exclusion Criteria

(1) Incomplete clinical data, such as coagulation func-
tion and hepatorenal function, to ensure inclusion of
patients with complete baseline data;

(2) Distant metastasis or concomitant other malignan-
cies to reduce the influence of other diseases;

(3) Concomitant autoimmune diseases, as they may affect
inflammatory and nutritional status;

(4) Preoperative neoadjuvant chemoradiotherapy, as it
may alter the patient’s inflammatory and nutritional
status affecting baseline levels of inflammatory markers;

(5) Secondary colorectal cancer to ensure the study pop-
ulation consists of primary colorectal cancer patients;

(6) Perioperative mortality, as these patients lack data on
postoperative complications and long-term survival;
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(7) Severe systemic infectious symptoms, as infections
can lead to changes in inflammatory and nutritional
status that can affect levels of inflammatory markers;

(8) Loss to follow-up after surgery to ensure complete
follow-up data.

2.2. Study Methods

2.2.1. Data Collection. Patient medical records were col-
lected, including basic information, medical history, preop-
erative laboratory results, postoperative pathology, TNM
stage of AJCC eighth edition [22], surgical details, complica-
tions, and follow-up outcomes. BMI, NPRI, NLR, NAR, and
platelet-to-albumin ratio (PAR) values were calculated.

2.2.2. Sample Collection Method. Within 1 week prior to sur-
gery, 3–5mL of venous bloodwas drawn from the cubital vein of
CRC patients and sent to the laboratory department of Taizhou
People’s Hospital for relevant testing. Neutrophils, lymphocytes,
platelets, prealbumin, albumin, hemoglobin, and carcinoem-
bryonic antigen (CEA) were measured as part of routine preop-
erative testing. Complete blood cell counts were analyzed using
the Mindray BC-5000 fully automated hematology analyzer.
Albumin and prealbumin levels were measured by the Beckman
Coulter UniCel DxC 800 Synchron fully automated biochemis-
try analyzer, while CEA was detected using the Roche Cobas
6000 fully automated electrochemiluminescence immunoassay
analyzer. The respective companies provided corresponding
quality control and calibration materials.

2.2.3. Grouping Method. Clinical factors were categorized,
and patients were grouped based on optimal cutoff values
for NPRI, NLR, PLR, NAR, and PAR. Complications were
classified using the Clavien–Dindo system.

2.2.4. Postoperative Follow-Up. A total of 336 eligible patients
from Taizhou People’s Hospital were enrolled in this study.
The follow-up period ranged from 10 to 65 months (mean:
55.23Æ 9.07 months, median: 60 months) until June 2023.
Thirty-four patients were lost to follow-up, resulting in data
successfully collected from 302 patients (attrition rate: 10.12%).
Follow-up assessments were conducted at scheduled intervals
over 5 years, with examinations at 1, 3, 6, 9, and 12months after
the first postoperative year, followed by evaluations every
6 months thereafter. The follow-up concluded upon patient
death, encompassing examinations of patients’ quality of life,
survival status, and recurrence.

2.3. Statistical Methods. Statistical analyses were performed
using SPSS 17.0 and R software (version 4.2.1). Categorical
data were analyzed using chi-square or Fisher’s exact tests, and
parametric data were assessed with t-tests. Non-normally dis-
tributed continuous data were presented using median values.
ROC curves determined optimal cutoff values for continuous
variables predicting complications and survival outcomes. Logis-
tic regression analysis and univariate and multivariate Cox
regression models were employed to identify independent risk
factors for complications, OS, and DFS. Kaplan–Meier survival
curves and log-rank tests compared survival between groups.

Nomograms were constructed using R software, and calibration
curves assessed model accuracy. Decision curve analysis evalu-
ated the clinical value of nomograms. A statistically significant
difference was defined as a P-value less than 0.05 (P <0:05).

3. Results

3.1. General Patient Characteristics. This study included a
total of 302 patients diagnosed with CRC. Their ages ranged
from 27 to 88 years, with a median age of 66 (59, 71.25) years.
Of these patients, 170 (56.3%) were male and 132 (43.7%)
were female. Preoperatively, 76 patients (25.2%) had comor-
bid hypertension, 40 patients (13.2%) had diabetes, and
60 patients (19.9%) had a history of abdominal surgery. The
body mass index (BMI) ranged from 15.63 to 32.91 kg/m2,
with an average BMI of 22.51Æ 2.89 kg/m2. Preoperative
hemoglobin levels ranged from 53 to 162 g/L, with a median
level of 113 (100, 127) g/L. A total of 154 patients (51.0%) had
a CEA level ≥5 ng/mL. Surgical duration ranged from 97 to
221min, with a median duration of 155 (149, 170) min. Sev-
enty patients (23.2%) underwent preventive ostomy creation,
74 (24.5%) experienced intraoperative bleeding≥100mL, and
11 (3.6%) required blood transfusion. Furthermore, 141 patients
(46.7%) had a tumormaximumdiameter≥5 cm, and 208patients
(68.9%) exhibited high/medium tumor differentiation, while
94 patients (31.1%) had poor/undifferentiated tumors. The
TNM stage revealed 170 patients (56.3%) at Stages I–II and
132 patients (43.7%) at Stage III.

3.2. Preoperative NPRI and Its Impact on Short-Term
Complications in Patients Undergoing Laparoscopic
Radical Surgery for CRC

3.2.1. Determination of the Optimal NPRI Cutoff for
Postoperative Complications in CRC Patients. In this study,
preoperative NPRI, NLR, PLR, NAR, and PAR values were
calculated for the 302 patients with CRC, and their ability to
predict postoperative complications was assessed. ROC
curves were constructed to evaluate the predictive perfor-
mance of NPRI and other indices (see Figure 1(a)–1(d)).
The results of the ROC curves are presented, indicating
that NPRI (AUC= 0.774), NLR (AUC= 0.606), NAR
(AUC= 0.524), and PAR (AUC= 0.649) were all effective
in predicting postoperative complications in patients under-
going laparoscopic CRC surgery. Notably, the newly estab-
lished NPRI demonstrated the highest area under the curve
(AUC), signifying superior predictive accuracy.

Based on the ROC curve results, the maximal Youden’s
index was calculated for NPRI, NLR, NAR, and PAR. The
maximal Youden’s index values for NPRI, NLR, NAR, and
PAR were 0.446, 0.221, 0.297, and 0.333, respectively. The
corresponding optimal cutoff values were 3.94× 10−2, 2.54,
17.96× 10−2, and 5.17.

3.2.2. Relationship between Preoperative NPRI and Clinical
Characteristics of CRC Patients. Patients were categorized
into high and lowNPRI groups. Statistically significant differ-
ences (P <0:005) were observed in age, preoperative hemo-
globin levels, surgical duration, tumor maximum diameter,
and TNM stage between the groups, while no significant
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FIGURE 1: Continued.
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disparities were found in other variables. Detailed results can
be found in Table S1.

3.2.3. Analysis of Risk Factors for Postoperative Complications
in CRC Patients. In this study, a cohort of 302 patients under-
going colorectal surgery was stratified into two groups based
on the presence or absence of recent postoperative complica-
tions: the noncomplication group and the complication
group. Comprehensive statistical analyses were performed
to compare general clinical data between these groups.

The results of univariate analysis demonstrated statistically
significant differences (all P <0:005) in various factors, includ-
ing a history of abdominal surgery, intraoperative bleeding, sur-
gical duration, CEA levels, tumor location, TNM stage, NPRI,
NLR, NAR, and PAR. Factors exhibiting significance (P <0:05)
in the univariate analysis were subsequently incorporated into
the multivariate analysis. The outcomes of the multivariate anal-
ysis identified a history of abdominal surgery, surgical duration,
CEA levels, tumor location, and NPRI as independent risk fac-
tors influencing the occurrence of short-term postoperative
complications in patients undergoing laparoscopic CRC surgery
(all P <0:005). Detailed findings are provided in Tables 1 and 2.

3.2.4. Preoperative NPRI Value and Prediction of
Complications in Patients with CRC. In accordance with
the Clavien–Dindo classification system, postoperative com-
plications in patients were refined and categorized. Among
the 302 patients included in this study, 49 individuals expe-
rienced various degrees of postoperative complications,
encompassing 13 distinct types. There were 27 cases of Grade
I complications, 11 cases of Grade II complications, 6 cases of

Grade IIIa complications, 9 cases of Grade IIIb complica-
tions, and 6 cases of Grade IV complications, totaling 59
cases (see Table S2). It is important to note that the count
of patients with complications does not align with the num-
ber of complication cases, as some patients experienced mul-
tiple complications.

Within the low NPRI group comprising 236 patients, 20
individuals developed postoperative complications, repre-
senting 8.5% of the cohort. In the high NPRI group of 66
patients, 29 patients experienced postoperative complica-
tions, accounting for 43.9% of this group. Complications of
Grade I and Grade II were collectively categorized as com-
mon complications, with 18 cases in the low NPRI group and
20 cases in the high NPRI group. Complications of Grade
IIIa, Grade IIIb, and Grade IV were classified as severe com-
plications, comprising 7 cases in the low NPRI group and 14
cases in the high NPRI group. Notably, the P-values for these
comparisons were all less than 0.001, indicating statistical
significance (see Table 3).

3.3. Preoperative NPRI Impact on Long-Term Prognosis
in Patients Undergoing Laparoscopic Radical Surgery
for CRC

3.3.1. Determination of Optimal NPRI Threshold for Long-
Term Prognosis in CRC Patients. To assess the impact of
preoperative NPRI on long-term prognosis in CRC patients,
we calculated NPRI, NLR, PLR, NAR, and PAR for 302
patients and plotted ROC curves, using patient survival sta-
tus as the state variable (Figure 1(e)−1(h)). The ROC curve
results demonstrated the ability of NPRI (AUC= 0.802),
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FIGURE 1: (a–d) ROCcurves predicting the occurrence of complications for preoperativeNPRI,NLR, PLR,NAR, and PAR; (e–h) ROCcurves assessing
patient survival time for preoperative NPRI, NLR, PLR, NAR, and PAR; survival curves for OS (i) and DFS (j) based on different NPRI levels.
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TABLE 1: Univariate analysis of risk factors for short-term postoperative complications in CRC.

Variables Complication group (n= 49) Noncomplication group (n= 253) t/z/χ2 P

Gender — — 0.199 0.656
Male 29 141 — —

Female 20 112 — —

Age (years) 66 (61, 73) 65 (58.5, 71) −1.146 0.252
BMI (kg/m2) 22.49Æ 3.09 22.52Æ 2.86 0.061 0.952
Preoperative hemoglobin (g/L) 110.90Æ 22.36 112.01Æ 21.92 0.323 0.747
Hypertension — — 0.058 0.81

Yes 13 63 — —

No 36 190 — —

Diabetes — — 2.612 0.106
Yes 10 30 — —

No 39 223 — —

History of abdominal surgery — — 4.241 0.039∗

Yes 15 45 — —

No 34 208 — —

Intraoperative bleeding (mL) — — 4.73 0.030∗

≥100 18 56 — —

<100 31 197 — —

Intraoperative transfusion — — 1.025 0.311
Yes 3 8 — —

No 46 245 — —

Surgical duration (min) 179 (158.5, 193.5) 153 (147, 164) −7.128 <0.001∗

CEA (ng/mL) — — 4.795 0.029∗

≥5 32 122 — —

<5 17 131 — —

Preventive ostomy — — 2.948 0.086
Yes 16 54 — —

No 33 199 — —

Tumor maximum diameter (cm) — — 0.954 0.329
≥5 26 115 — —

<5 23 138 — —

Tumor location — — 13.151 <0.001∗

Colon 27 201 — —

Rectum 22 52 — —

Tumor differentiation grade — — 3.755 0.053
G1–2 28 180 — —

G3–4 21 73 — —

TNM stage — — 4.29 0.038∗

I–II 21 149 — —

III 28 104 — —

NPRI — — 47.725 <0.001∗

≥3.94× 10−2 29 37 — —

<3.94× 10−2 20 216 — —

NLR — — 6.759 0.009∗

≥2.54 36 135 — —

<2.54 13 118 — —

PLR — — 4.178 0.052
≥74.80 46 208 — —

<74.80 3 45 — —

NAR — — 30.211 <0.001∗

≥17.96× 10−2 19 23 — —

<17.96× 10−2 30 230 — —

PAR — — 19.14 <0.001∗

≥5.17 30 73 — —

<5.17 19 180 — —

∗Indicates the statistical significance of all P values< 0.05.
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NLR (AUC= 0.651), PLR (AUC= 0.496), NAR (AUC=
0.771), and PAR (AUC= 0.594) to predict long-term out-
comes following laparoscopic radical surgery for CRC. Nota-
bly, the newly established NPRI exhibited the highest AUC,
indicating superior predictive accuracy.

Based on the ROC curve results, we determined the
maximum Youden’s index for NPRI, NLR, NAR, and PAR,
with values of 0.504, 0.283, 0.395, and 0.182, respectively.
The corresponding optimal cutoff values were identified as
2.87× 10−2, 3.77, 13.88× 10−2, and 4.07.

3.3.2. Relationship between Preoperative NPRI and Clinical
Characteristics of CRC Patients. Statistical analysis revealed
significant differences (P<0:005) in age, preoperative hemo-
globin levels, surgical duration, and TNM stage between high
and low NPRI groups, while no significant disparities were
found in other variables (see Table S3).

3.3.3. Univariate and Multivariate Cox Regression Analysis of
OS in Postoperative CRC Patients. Factors influencing the OS
of patients undergoing laparoscopic radical surgery for CRC
were analyzed, as indicated in Table 4. Univariate analysis
revealed that patient age, history of prior abdominal surgery,
surgical duration, tumor maximum diameter, tumor differ-
entiation, TNM stage, NPRI, NLR, NAR, and PAR were
closely associated with OS (all P <0:005). Further multivari-
ate analysis demonstrated that the absence of prior abdomi-
nal surgery history, tumor maximum diameter <5 cm, high/
medium tumor differentiation, and NPRI <2.87× 10−2 were
associated with better OS (all P<0:05).

3.3.4. Univariate and Multivariate Cox Regression Analysis of
DFS in Postoperative CRC Patients. Factors affecting DFS in
patients undergoing laparoscopic radical surgery for CRC

were analyzed, as presented in Table 5. Univariate analysis
showed that patient age, hypertension comorbidity, prior
abdominal surgery history, surgical duration, tumor maxi-
mum diameter, tumor differentiation, TNM stage, NPRI,
NLR, and NAR were closely related to DFS (all P<0:005).
Subsequent multivariate analysis indicated that the absence
of prior abdominal surgery history, tumor maximum diam-
eter <5 cm, high/medium tumor differentiation, TNM
Stages I–II, and NPRI< 2.87× 10−2 were associated with
better DFS (all P<0:05).

3.3.5. Relationship between NPRI Levels and OS and DFS in
Patients. Patients were categorized into high and low NPRI
groups based on the optimal NPRI threshold. Among the high
NPRI group, 66 patients experienced postoperative mortality,
while the low NPRI group had 19 patients with postoperative
mortality, resulting in survival rates of 47.20% and 89.27%,
respectively. The OS rate was 71.85%. The Kaplan–Meier curve
for OS (Figure 1(i)) showed a significantly higher 5-year OS for
CRCpatients in the lowNPRI group compared to the highNPRI
group, with a statistically significant difference (χ2= 63.520,
P<0:001). In the high NPRI group, 55 patients experienced
no recurrence, while the low NPRI group had 124 patients
with no recurrence or metastasis, resulting in DFS rates of
44.00% and 70.06%, respectively. The overall DFS rate was
59.27%. The Kaplan–Meier curve for DFS (Figure 1(j)) demon-
strated a significantly higher 5-year DFS for CRC patients in the
low NPRI group compared to the high NPRI group, with a
statistically significant difference (χ2=23.512, P<0:001).

3.4. Construction and Validation of Prognostic Nomograms
for Patients Undergoing Laparoscopic Radical Resection of
CRC. Based on the results of the Cox proportional hazards
model, we constructed a nomogram for OS using data from

TABLE 2: Multivariate analysis of risk factors for short-term postoperative complications in CRC.

Variables OR 95% CI P

History of abdominal surgery 3.196 1.261–8.099 0.014∗

Intraoperative bleeding 1.141 0.445–2.924 0.784
Surgical duration 1.056 1.032–1.080 <0.001∗

CEA 3.393 1.433–8.033 0.005∗

Tumor location 2.806 1.210–6.507 0.016∗

TNM stage 1.583 0.718–3.490 0.255
NPRI 4.944 1.717–14.238 0.003∗

NLR 0.972 0.400–2.363 0.950
NAR 1.183 0.371–3.774 0.776
PAR 1.793 0.794–4.049 0.160
∗Indicates the statistical significance of all P values< 0.05.

TABLE 3: Comparison of complications in patients with different preoperative NPRI levels.

Complication categories
NPRI

χ2 P
Low (<3.94× 10−2) (n= 236) High (≥3.94× 10−2) (n= 66)

Complications 20 (8.5%) 29 (43.9%) 47.725 <0.001∗

Common complications 18 20 24.110 <0.001∗

Severe complications 7 14 26.538 <0.001∗

∗Complication categories
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302 patients who underwent laparoscopic radical resection
for CRC to predict the 1-, 3-, and 5-year survival rates of
CRC patients after surgery (as shown in Figure 2(a)). This
nomogram included four indicators: history of abdominal
surgery, tumor maximum diameter, NPRI, and tumor differ-
entiation. Patients with a history of abdominal surgery,

tumor maximum diameter ≥5 cm, NPRI≥ 2.87× 10−2, and
low/undifferentiated tumor differentiation had an increased
risk of poor prognosis.

In DFS survival analysis, five indicators, namely, history of
abdominal surgery, tumor maximum diameter, tumor differen-
tiation, TNM stage, and NPRI, were independently associated

TABLE 4: Univariate and multivariate analysis of OS in CRC patients after surgery.

Variables
Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Gender 0.990 0.645–1.520 0.963 — — —

Age 1.025 1.002–1.048 0.036∗ 1.006 0.982–1.031 0.614
BMI 1.023 0.950–1.102 0.546 — — —

Preoperative hemoglobin 0.998 0.988–1.008 0.732 — — —

Hypertension 1.312 0.818–2.105 0.260 — — —

Diabetes 0.993 0.527–1.871 0.982 — — —

History of abdominal surgery 1.632 1.004–2.652 0.048∗ 0.519 0.309–0.874 0.014∗

Intraoperative bleeding 1.287 0.798–2.077 0.301 — — —

Intraoperative transfusion 0.895 0.283–2.832 0.850 — — —

Surgical duration 1.012 1.001–1.024 0.038∗ 0.998 0.987–1.009 0.696
CEA 1.045 0.663–1.600 0.838 — — —

Preventive ostomy 0.690 0.395–1.206 0.193 — — —

Tumor maximum diameter 0.484 0.315–0.745 0.001∗ 2.426 1.535–3.835 <0.001∗

Tumor differentiation grade 2.355 1.533–3.618 <0.001∗ 0.392 0.249–0.618 <0.001∗

TNM stage 1.598 1.044–2.446 0.031∗ 0.742 0.473–1.164 0.193
NPRI 6.039 3.621–10.072 <0.001∗ 0.212 0.111–0.407 <0.001∗

NLR 2.654 1.731–4.067 <0.001∗ 0.933 0.568–1.534 0.785
NAR 4.041 2.610–6.256 <0.001∗ 0.701 0.400–1.226 0.213
PAR 2.090 1.255–3.483 0.005 0.921 0.512–1.657 0.784
∗Indicates the statistical significance of all P values< 0.05.

TABLE 5: Univariate and multivariate analysis of DFS in CRC patients after surgery.

Variables
Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Gender 0.827 0.581–1.178 0.294 — — —

Age 1.021 1.002–1.041 0.028∗ 1.006 0.986–1.026 0.580
BMI 1.006 0.945–1.070 0.852 — — —

Preoperative hemoglobin 0.993 0.985–1.001 0.109 — — —

Hypertension 1.552 1.061–2.270 0.023∗ 0.939 0.623–1.415 0.763
Diabetes 0.925 0.539–1.588 0.778 — — —

History of abdominal surgery 1.717 1.152–2.559 0.008∗ 0.459 0.299–0.705 <0.001∗

Intraoperative bleeding 1.330 0.896–1.975 0.157 — — —

Intraoperative transfusion 1.034 0.423–2.531 0.941 — — —

Surgical duration 1.010 1.000–1.020 0.042 1.004 0.994–1.014 0.445
CEA 0.898 0.630–1.279 0.550 — — —

Preventive ostomy 0.821 0.529–1.274 0.379 — — —

Tumor maximum diameter 0.278 0.189–0.408 <0.001∗ 4.782 3.162–7.232 <0.001∗

Tumor differentiation grade 2.546 1.784–3.634 <0.001∗ 0.305 0.207–0.449 <0.001∗

TNM stage 2.331 1.622–3.349 <0.001∗ 0.397 0.270–0.586 <0.001∗

NPRI 2.305 1.611–3.298 <0.001∗ 0.552 0.338–0.900 0.017∗

NLR 1.712 1.198–2.448 0.003∗ 1.060 0.688–1.631 0.792
NAR 2.374 1.665–3.384 <0.001∗ 0.781 0.478–1.275 0.323
PAR 1.404 0.955–2.065 0.084 — — —

∗Indicates the statistical significance of all P values< 0.05.
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with the prognosis of CRC patients. Consequently, we utilized
these prognostic factors to construct the DFS nomogram for
predicting the DFS of CRC patients at 1-, 3-, and 5-years post-
operatively. The nomogram depicted in Figure 2(b) elucidates
that a history of abdominal surgery, tumor maximum diameter
≥5 cm, NPRI ≥2.87×10−2, low/undifferentiated tumor differ-
entiation, and advanced Stage III TNM classification confer an
elevated risk of unfavorable prognosis. The C-index for the OS
andDFS nomogramswas 0.841 (95%CI: 0.727–0.955) and 0.845
(95%CI: 0.707–0.983), respectively. Calibration curves for 5-year
OS and DFS demonstrated a high degree of consistency between
predicted survival probabilities and observed outcomes (as
shown in Figures 2(c) and 2(d)). Furthermore, decision curve
analysis (DCA) for 5-year OS and DFS of the nomogrammodel
(as depicted in Figures 2(e) and 2(f)) further confirmed the
clinical utility of the nomogram. These results indicate that the
nomogram possesses a high degree of accuracy in predicting
the prognosis of CRC patients.

4. Discussion

Previous studies have mainly investigated the prognostic
value of conventional clinical markers in CRC, while their
predictive value for short-term complications has been
largely overlooked. In our study, we performed ROC curve
analysis to compare the predictive ability of NPRI, NLR,
PLR, and NAR for postoperative complications in CRC
patients who underwent laparoscopic radical resection. We
found that NPRI had the best performance among the four
markers. Logistic regression analysis revealed that previous
abdominal surgery, longer operation time, elevated CEA
levels, tumor location in the rectum, and higher NPRI values
were independent risk factors for postoperative complica-
tions in CRC patients. This further confirms the clinical
utility of NPRI in assessing the postoperative risk of patients.
We also observed that the incidence of severe complications
(Grade III or above) in the high NPRI group was 21.2%,
significantly higher than 3.0% in the low NPRI group. This
suggests that NPRI can not only predict the occurrence of
postoperative complications in CRC patients but also pro-
vide a detailed evaluation and stratification for these patients.

Recent studies have reported that NAR is an independent
risk factor for postoperative complications in CRC patients,
with an optimal cutoff value of 16.50× 10−2 [23]. However,
this study did not specify the type of surgery used. In con-
trast, our study confirmed that NAR could predict the occur-
rence of postoperative complications, with an optimal cutoff
value of 17.96× 10−2. However, NAR was not an indepen-
dent risk factor for postoperative complications in CRC
patients. Moreover, existing research suggests that patients
with a history of previous abdominal surgery can still achieve
a high success rate with laparoscopic radical resection for
CRC, and their previous abdominal surgery history does
not affect their recent outcomes [24]. Our research results
are different from this, and we speculate that the possible
reason is that patients with previous abdominal surgery have
different degrees of adhesion in the abdominal cavity, which
increases the difficulty of laparoscopic radical resection for

CRC, prolongs the operation time and bleeding, and thus
increases the probability of postoperative complications such
as bleeding and intestinal obstruction, affecting the prognosis
of patients [25].

In this prognostic study, we evaluated the performance of
five novel biomarkers, namely, NPRI, NLR, NAR, PLR, and
PAR, in predicting the long-term outcomes of CRC patients
who underwent laparoscopic surgery. We demonstrated that
NPRI had the highest accuracy among the five biomarkers.
By using the ROC curve analysis, we determined the optimal
cutoff value of NPRI to be 2.87× 10−2. Based on this value,
we stratified the patients into high and low NPRI groups and
found significant associations between NPRI and age, opera-
tion time, and TNM stage. The results of univariate and
multivariate Cox regression analyses indicated that NPRI
≥ 2.87× 10−2 was an independent risk factor for shorter
OS and DFS in CRC patients. Furthermore, we developed
a nomogram model to visualize the impact of multiple fac-
tors on the prognosis of patients who received laparoscopic
radical resection for CRC. The nomogram showed good pre-
dictive ability for OS and DFS, and the internal validation
cohort confirmed the high predictive accuracy of our prog-
nostic nomogram, suggesting its clinical utility in estimating
the long-term outcomes of CR C patients who underwent
laparoscopic surgery.

NLR, NAR, PLR, and PAR are effective biomarkers for
predicting the prognosis of various types of cancers. Proctor
et al. [26] reported that NLR was an important surrogate
marker for OS and cancer-specific survival (CSS) in CRC
patients. Kim et al. [27] proposed that high PLR (≥160)
and high NLR (≥3.0) were independent predictors of poor
OS and DFS in Stages III and IV CRC patients, but not in
Stages I and II patients. Xie et al. [23] found that NAR had a
good predictive role for the postoperative prognosis of CRC
patients. Li et al. [28] considered that PAR was a reliable indica-
tor for predicting the short-term survival outcome of critically ill
CRC patients. Our study results showed that NPRI, NLR, NAR,
and PAR could well predict the short-term and long-term prog-
nosis of patients undergoing laparoscopic radical resection for
CRC, but NLR, NAR, and PAR were not independent risk fac-
tors for postoperative prognosis in CRC patients. The possible
reason for this result may be that the patient population partici-
pating in each study was different (patients who underwent
radical resection, metastatic CRC patients, CRC with peritoneal
metastasis, etc.). Our study found that tumor diameter ≥5 cm
and the tumor differentiation degree of poor/undifferentiated
patients had poorer OS and DFS; TNM Stages I–II patients
had longer DFS, which was consistent with some literature
reports [29, 30].

Inflammation and nutritional status are important fac-
tors affecting tumor development and clinical outcomes.
Although various biomarkers have been widely used to
reflect the nutritional and inflammatory status of cancer
patients, they have established different predictive or prog-
nostic roles in different cancer types and treatment settings.
NPRI, as a newly discovered predictor in our study, can
comprehensively and sensitively reflect the perioperative
immune ability and nutritional status of CRC patients.
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FIGURE 2: Continued.
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Previous studies have shown that NPRI can predict the prog-
nosis of radical resection for intrahepatic cholangiocarci-
noma [21]. After analyzing 302 patients who underwent
laparoscopic radical resection for CRC, we confirmed that
NPRI was an important predictive indicator, which was not
only related to short-term complications after laparoscopic
radical resection for CRC but also closely related to the long-
term prognosis of CRC patients.

NPRI is the preoperative ratio of neutrophils to prealbumin,
which reflects the balance between inflammation and nutrition.
Neutrophils are the main effector cells of inflammation, and
their activation can lead to tissue damage and organ dysfunction
[31–33]. Prealbumin is a sensitive indicator of nutritional status,
and its low level is associated with poor wound healing and
increased infection risk [34]. Prealbumin has also been proven
to be an effective prognostic predictor for cancer patients, with
higher sensitivity than albumin in predicting the nutritional sta-
tus of patients [35]. A high NPRI value indicates an increased
level of neutrophils and a decreased level of prealbumin, which
may imply a more intense inflammatory response and a worse
nutritional status, and thus a higher risk of postoperative com-
plications and poor long-term outcomes. Therefore, NPRI may
be a useful marker to monitor the inflammatory and nutritional
status of CRC patients and to guide the prevention and treat-
ment of postoperative complications and improvement of long-
term prognosis.

The gut microbiome is considered an important factor in
the development and progression of CRC. It influences the
host’s immune system, including the quantity and function
of neutrophils. Deshmukh et al. [36] found that germ-free
mice had significantly lower neutrophil counts than conven-
tional mice, and the introduction of gut microbiota into
germ-free mice restored their neutrophil counts. Another
study by Karmarkar and Rock [37] demonstrated that altera-
tions in the gut microbiota lead to increased neutrophil acti-
vation and recruitment, thereby exacerbating inflammatory

responses. Several studies suggest that changes in the gut
microbiome may influence the absorption and utilization
of nutrients and induce systemic inflammatory reactions,
thereby indirectly altering albumin levels [38, 39]. However,
which specific microbial communities or species are associ-
ated with prealbumin levels still requires further experimen-
tal research to elucidate. It can be inferred that the NPRI not
only reflects the patient’s inflammatory and nutritional sta-
tus but may also indirectly reflect changes in the gut micro-
biome, potentially impacting the prognosis of CRC patients.

Our study has several limitations. First, as it was retrospec-
tive, bias may be inherent. Second, being a single-center study
with a limited number of patients, generalizability may be
restricted. Third, the optimal cutoff values of NLR, NAR, and
PAR in our study differed from those in other studies, possibly
due to variations in the study population, treatment strategies,
and perioperative management. Consequently, our results war-
rant validation through future multicenter, large-sample, pro-
spective studies. Furthermore, our study did not include CRP
and IL-6, two crucial inflammatory markers, for comparative
analysis. Therefore, additional research is required to explore
additional hematological markers or alternative.

In conclusion, our study suggests that preoperative NPRI
can serve as a predictive marker for short-term complications
and long-term outcomes in patients undergoing laparoscopic
radical resection for CRC. Due to its low cost, easy availability,
and high predictive value, NPRI may be a reliable marker to
help doctors accurately assess the postoperative complication
risk and prognosis and take necessary treatment measures for
high-risk patients to reduce the occurrence of complications
and prolong the survival time of patients.

Data Availability

The data that support the findings of this study are available
on request from the corresponding author. Survival data and
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FIGURE 2: Nomograms predicting the probabilities of OS (a) and DFS (b) following laparoscopic radical surgery for CRC; calibration curves
for 5-year OS (c) and DFS (d) predicted by the nomogram model after laparoscopic radical surgery for CRC; decision curve analysis for
5-year OS (e) and DFS (f ) predicted by the nomogram model after laparoscopic radical surgery for CRC.
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clinical pathology data are available to the public, but per-
sonal information will not be disclosed due to privacy or
other restrictions.

Ethical Approval

The authors are accountable for all aspects of the work in ensur-
ing that questions related to the accuracy or integrity of any part
of the work are appropriately investigated and resolved. All pro-
cedures performed in this study involving human participants
were in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by the Ethics Committee of
the Affiliated Taizhou People’s Hospital of Nanjing Medical
University (Acceptance No. KY2022-073-01).

Consent

Informed consent was taken from all the patients.

Conflicts of Interest

The authors declare no potential conflicts of interest with
respect to the research, authorship, and/or publication of
this article.

Authors’ Contributions

All authors whose names appear on the submission have
contributed sufficiently to the scientific work and, therefore,
share collective responsibility and accountability for the
results. Honggang Wang was responsible for project devel-
opment, data collection, data analysis, and manuscript edit-
ing. Hongmei Dou was responsible for conception and
design. Wenliang Jiang was responsible for data collection,
data analysis, and manuscript writing. Yong Xia was respon-
sible for data collection, data analysis, and manuscript writ-
ing. Yujun Liu was responsible for data collection and data
analysis. Shaoqi Cheng was responsible for data collection
and data analysis. Wenya Wang was responsible for data
collection and data analysis. Zhenghui Guan was responsible
for data collection and data analysis. Wenliang Jiang, Yong
Xia, and Yujun Liu contributed equally to this work.

Acknowledgments

This work was supported by funding from the Jiangsu Pro-
vincial Commission of Health and Family Planning (No.
M2020084) and the Science and Technology Support Plan
of Taizhou (Social Development, No. TS202213).

Supplementary Materials

Table S1: comparison of clinical characteristics between High
NPRI and low NPRI Groups in CRC patients. Table S2: statis-
tical analysis of short-term postoperative complications in CRC
patients according to Clavien-Dindo classification. Table S3:
analysis of clinical and pathological characteristics in CRC
patients after surgery based on NPRI levels. (Supplementary
Materials)

References

[1] N. N. Keum and E. Giovannucci, “Global burden of colorectal
cancer: emerging trends, risk factors and prevention strategies,”
Nature Reviews Gastroenterology & Hepatology, vol. 16, pp. 713–
732, 2019.

[2] P. F. Bagshaw, R. A. Allardyce, C. M. Frampton et al., “Long-term
outcomes of the australasian randomized clinical trial comparing
laparoscopic and conventional open surgical treatments for colon
cancer: the Australasian Laparoscopic Colon Cancer Study trial,”
Annals of Surgery, vol. 256, no. 6, pp. 915–919, 2012.

[3] M. Jacobs, J. C. Verdeja, and H. S. Goldstein, “Minimally
invasive colon resection (laparoscopic colectomy),” Surgical
Laparoscopy & Endoscopy, vol. 1, no. 3, pp. 144–150, 1991.

[4] L. Devoto, V. Celentano, R. Cohen, J. Khan, and M. Chand,
“Colorectal cancer surgery in the very elderly patient: a
systematic review of laparoscopic versus open colorectal
resection,” International Journal of Colorectal Disease,
vol. 32, pp. 1237–1242, 2017.

[5] F. Corcione and U. Bracale, “Management of intraoperative and
postoperative complications during laparoscopic colorectal
procedures,” Minerva Surgery, vol. 76, no. 4, pp. 291–293, 2021.

[6] N. Singh, D. Baby, J. P. Rajguru, P. B. Patil, S. S. Thakkannavar,
and V. B. Pujari, “Inflammation and cancer,” Annals of African
Medicine, vol. 18, no. 3, pp. 121–126, 2019.

[7] N. S. Demirci and G. U. Erdem, “Prognostic role of
neutrophil-to-lymphocyte ratio (NLR) in patients with
operable ampullary carcinoma,” Bosnian Journal of Basic
Medical Sciences, vol. 18, no. 3, pp. 268–274, 2018.

[8] T. Fang, Y.Wang, X. Yin et al., “Diagnostic sensitivity of NLR and
PLR in early diagnosis of gastric cancer,” Journal of Immunology
Research, vol. 2020, Article ID 9146042, 9 pages, 2020.

[9] B. Farhood, M. Najafi, and K. Mortezaee, “CD8+ cytotoxic T
lymphocytes in cancer immunotherapy: a review,” Journal of
Cellular Physiology, vol. 234, no. 6, pp. 8509–8521, 2019.

[10] M. Schlesinger, “Role of platelets and platelet receptors in
cancer metastasis,” Journal of Hematology&Oncology, vol. 11,
Article ID 125, 2018.

[11] M. A. Giese, L. E. Hind, and A. Huttenlocher, “Neutrophil
plasticity in the tumor microenvironment,” Blood, vol. 133,
no. 20, pp. 2159–2167, 2019.

[12] J. V. Barreira, “The role of nutrition in cancer patients,”
Nutrition and Cancer, vol. 73, no. 11-12, pp. 2849-2850, 2021.

[13] Z. Moghadamyeghaneh, G. Hwang, M. H. Hanna et al., “Even
modest hypoalbuminemia affects outcomes of colorectal
surgery patients,” The American Journal of Surgery, vol. 210,
no. 2, pp. 276–284, 2015.

[14] M. Chojkier, “Inhibition of albumin synthesis in chronic
diseases: molecular mechanisms,” Journal of Clinical Gastroen-
terology, vol. 39, no. 4, pp. S143–S146, 2005.

[15] A. Myron Johnson, G. Merlini, J. Sheldon, and K. Ichihara,
“Clinical indications for plasma protein assays: transthyretin
(prealbumin) in inflammation and malnutrition,” Clinical
Chemistry and Laboratory Medicine, vol. 45, no. 3, pp. 419–
426, 2007.

[16] M. Vieira and M. J. Saraiva, “Transthyretin: a multifaceted
protein,” BioMolecular Concepts, vol. 5, no. 1, pp. 45–54, 2014.

[17] S. J. Tingle, G. R. Severs, M. Goodfellow, J. A. Moir, and
S. A. White, “NARCA: a novel prognostic scoring system
using neutrophil-albumin ratio and Ca19-9 to predict overall
survival in palliative pancreatic cancer,” Journal of Surgical
Oncology, vol. 118, no. 4, pp. 680–686, 2018.

[18] B. Tawfik, A. A. Mokdad, P. M. Patel, H. C. Li, and S. Huerta,
“The neutrophil to albumin ratio as a predictor of pathological

Mediators of Inflammation 13

https://downloads.hindawi.com/journals/mi/2024/4465592.f1.docx
https://downloads.hindawi.com/journals/mi/2024/4465592.f1.docx


complete response in rectal cancer patients following neoadjuvant
chemoradiation,” Anti-Cancer Drugs, vol. 27, no. 9, pp. 879–883,
2016.

[19] C.-K. Liao, Y.-L. Yu, Y.-C. Lin et al., “Prognostic value of the
C-reactive protein to albumin ratio in colorectal cancer: an
updated systematic review and meta-analysis,” World Journal
of Surgical Oncology, vol. 19, Article ID 139, 2021.

[20] H. Liu, G. Qiu, F. Hu, and H. Wu, “Fibrinogen/albumin ratio
index is an independent predictor of recurrence-free survival
in patients with intrahepatic cholangiocarcinoma following
surgical resection,” World Journal of Surgical Oncology,
vol. 19, Article ID 218, 2021.

[21] X.-T. Huang, C.-S. Huang, J.-H. Li, J.-P. Cai, W. Chen, and
X.-Y. Yin, “Prognostic significance of neutrophil/prealbumin
ratio for intrahepatic cholangiocarcinoma undergoing curative
resection,” HPB, vol. 20, no. 12, pp. 1215–1222, 2018.

[22] M. B. Amin, F. L. Greene, S. B. Edge et al., “The eighth edition
AJCC cancer staging manual: continuing to build a bridge
from a population-based to a more “personalized” approach to
cancer staging,” CA: A Cancer Journal for Clinicians, vol. 67,
no. 2, pp. 93–99, 2017.

[23] H. Xie, L. Wei, M. Liu et al., “Neutrophil-albumin ratio as a
biomarker for postoperative complications and long-term
prognosis in patients with colorectal cancer undergoing
surgical treatment,” Frontiers in Nutrition, vol. 9, Article ID
976216, 2022.

[24] J. Tao, X. Wang, Z. Liu et al., “Impact of previous abdominal
surgery on the outcomes of laparoscopic resection for colorectal
cancer,” Zhonghua Wei Chang Wai Ke Za Zhi, vol. 21, no. 3,
pp. 292–298, 2018.

[25] E. Kamer, T. Acar, F. Cengiz, E. Durak, and M. Haciyanli,
“Laparoscopic colorectal surgery in patients with previous
abdominal surgery: a single-center experience and literature
review,” Surgical Laparoscopy, Endoscopy & Percutaneous
Techniques, vol. 27, no. 6, pp. 434–439, 2017.

[26] M. J. Proctor, D. S. Morrison, D. Talwar et al., “A comparison
of inflammation-based prognostic scores in patients with
cancer. A glasgow inflammation outcome study,” European
Journal of Cancer, vol. 47, no. 17, pp. 2633–2641, 2011.

[27] J. H. Kim, J. Y. Lee, H. K. Kim et al., “Prognostic significance
of the neutrophil-to-lymphocyte ratio and platelet-to-lympho-
cyte ratio in patients with stage III and IV colorectal cancer,”
World Journal of Gastroenterology, vol. 23, no. 3, pp. 505–515,
2017.

[28] A. Li, Z. Wang, Q. Lv, and Y. Ling, “Prognostic utility of
platelet-to-albumin ratio among critically Ill patients with
colorectal cancer: a propensity score matching study,” Journal
of Oncology, vol. 2022, Article ID 6107997, 12 pages, 2022.

[29] C. Maeda, E. Hidaka, Y. Mori et al., “Tumor diameter is an
easy and useful predictor of recurrence in stage II colorectal
cancer,” Digestive Surgery, vol. 32, no. 5, pp. 338–343, 2015.

[30] C. Liu, T. Wang, J. Yang et al., “Distant metastasis pattern and
prognostic prediction model of colorectal cancer patients
based on big data mining,” Frontiers in Oncology, vol. 12,
Article ID 878805, 2022.

[31] A. Shang, C. Gu, C. Zhou et al., “Exosomal KRAS mutation
promotes the formation of tumor-associated neutrophil
extracellular traps and causes deterioration of colorectal cancer
by inducing IL-8 expression,” Cell Communication and Signaling,
vol. 18, Article ID 52, 2020.

[32] M. A. Sorolla, I. Hidalgo, A. Sorolla et al., “Microenviron-
mental reactive oxygen species in colorectal cancer: involved

processes and therapeutic opportunities,” Cancers, vol. 13,
no. 20, Article ID 5037, 2021.

[33] S. Jaillon, A. Ponzetta, D. Di Mitri, A. Santoni, R. Bonecchi,
and A. Mantovani, “Neutrophil diversity and plasticity in
tumour progression and therapy,” Nature Reviews Cancer,
vol. 20, pp. 485–503, 2020.

[34] H.-C. Chiang, M.-Y. Lin, F.-C. Lin et al., “Transferrin and
prealbumin identify esophageal cancer patients with malnutrition
and poor prognosis in patients with normal albuminemia: a
cohort study,” Nutrition and Cancer, vol. 74, no. 10, pp. 3546–
3555, 2022.

[35] D. Izumi, S. Ida, M. Hayami et al., “Increased rate of serum
prealbumin level after preoperative enteral nutrition as an
indicator of morbidity in gastrectomy for gastric cancer with
outlet obstruction,” World Journal of Surgery, vol. 46, no. 3,
pp. 624–630, 2022.

[36] H. S. Deshmukh, Y. Liu, O. R. Menkiti et al., “The microbiota
regulates neutrophil homeostasis and host resistance to
Escherichia coli K1 sepsis in neonatal mice,” Nature Medicine,
vol. 20, pp. 524–530, 2014.

[37] D. Karmarkar and K. L. Rock, “Microbiota signalling through
MyD88 is necessary for a systemic neutrophilic inflammatory
response,” Immunology, vol. 140, no. 4, pp. 483–492, 2013.

[38] J. Xu, F. Lian, L. Zhao et al., “Structural modulation of gut
microbiota during alleviation of type 2 diabetes with a Chinese
herbal formula,” The ISME Journal, vol. 9, no. 3, pp. 552–562,
2015.

[39] A. L. Kau, P. P. Ahern, N. W. Griffin, A. L. Goodman, and
J. I. Gordon, “Human nutrition, the gut microbiome and the
immune system,” Nature, vol. 474, pp. 327–336, 2011.

14 Mediators of Inflammation




