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Aim: To explore the relationship between inflammatory markers and prolonged postoperative ileus (PPOI),
and to establish a nomogram for predicting PPOI. Patients & methods: The data of 229 patients were
analyzed retrospectively. Univariate and multivariate logistic regression analysis were used to analyze the
risk factors affecting the occurrence of PPOLI. The predictive model of PPOI was established and verified
internally. Results: Postoperative PPOI occurred in 87 (38.0%) of all 229 patients. Our study showed
that age, preoperative neutrophil-lymphocyte ratio and changes in neutrophil-lymphocyte ratio were
independent risk factors for PPOI. Conclusion: The nomograms established based on these independent
risk factors have good predictive efficacy and may be able to guide clinicians to individualize the diagnosis
and treatment.
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Introduction

According to the International Agency for Research on Cancer’s IARC) 2020 report, colorectal cancer is the third
most common cancer worldwide and the second leading cause of cancer-related deaths [1]. Although multidisci-
plinary treatments, such as surgery, chemotherapy and radiotherapy, are available, surgical intervention remains
the primary curative approach for colorectal cancer [2]. Postoperative ileus (POI) is a gastrointestinal dysfunction
that commonly occurs after abdominal surgery, characterized by symptoms such as nausea and vomiting, abdom-
inal distention and delayed defecation 3]. POI is considered a normal physiological response to surgery, typically
disappearing within 3 days, but may persist without remission or recur, a condition called prolonged postoperative
ileus (PPOI) (41. PPOL is one of the most prevalent complications following colorectal cancer surgery, with a previ-
ously reported incidence of 3-30% [5]. The occurrence of PPOI will result in prolonged hospitalization, increased
hospitalization costs and a significant burden on the healthcare system. There is still a lack of internationally rec-
ognized standard definitions for PPOI. In 2013, Vather ez al. proposed a concept based on a systematic evaluation,
PPOI was diagnosed if patients met two or more of the following five criteria on postoperative day 4 (POD 4) or
later: 1) nausea or vomiting; 2) inability to tolerate oral diet in the previous 24 h; 3) failure to regain flatus in the
previous 24 h; 4) abdominal distention; and 5) radiologic confirmation [6]. In this study, Vather ez a/. conducted a
comprehensive systematic review following the guidelines of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA). They collected the literature that considered POI as the primary end point of
abdominal surgery between 1996 and 2011 (including only randomized controlled trials, systematic evaluations
and meta-analyses that studied POI in humans. There were no language restrictions. Conference abstracts were
not included). From an initial pool of 3234 publications, 52 relevant articles were meticulously chosen, and the
respective POI definitions employed in these studies were thoroughly extracted and analyzed. Furthermore, based
on these extracted definitions, Vather ez a/. conducted a global survey to gather insights from renowned experts
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who had contributed to the field through their scholarly work. Through a meticulous integration of data from the
systematic review and the results obtained from the global survey, the authors formulated the precise definition of
PPOI as presented above. Based on these definitions, a series of studies have been conducted by many international
teams in the prediction and treatment of PPOI in the past [5,7,8].

Early recovery of bowel function and prevention of PPOI are vital aspects of clinical practice guidelines for
enhanced recovery after surgery (ERAS) in elective colorectal surgery (9. The concept of ERAS, first proposed by
Kehlet ez al. 1101, aims to reduce surgical stress, enhance postoperative function recovery and reduce the incidence
of postoperative complications through perioperative management, which has been widely adopted in colorectal
cancer surgery [11]. However, effective treatment for PPOl is still lacking. Therefore, identifying patients at high risk
of PPOI at an early stage and adopting individualized interventions is crucial [7]. Consequently, exploring clinical
indicators capable of predicting the occurrence of PPOI is of paramount importance.

Previous studies have demonstrated that several factors, such as age and a history of chronic diseases, can
cause chronic inflammation and lead to the development of colorectal cancer [12]. Various hematological markers,
such as the neutrophil-lymphocyte ratio (NLR), platelet—lymphocyte ratio (PLR), lymphocyte-monocyte ratio
(LMR), systemic immune-inflammation index (SII) and prognostic nutritional index (PNI), have been considered
prognostic indicators for various malignancies [13-16]. Recently, dynamic changes in NLR and SII (ANLR and ASII,
respectively) have also been proposed as better prognostic indicators in patients with colorectal cancer [17,18].
Previous research has indicated that inflammatory response is one of the main reasons for the development of
POI and that a variety of inflammatory cells, such as neutrophils, play an important role in the development of
POI [19,20). However, the relationship between perioperative inflammatory indicators of colorectal cancer surgery,
early postoperative inflammatory indicators and their dynamic changes and PPOI is still uncertain. Inflammatory
indicators, such as NLR, can be derived from routine blood tests, which have the advantage of being less invasive
and readily obtainable. Therefore, our team aimed to link inflammatory indicators with PPOI in colorectal cancer,
determine the correlation between inflammatory indicators and PPOI, and establish a high-performance prediction
model for predicting and preventing the development of PPOI at an early stage.

The purpose of this study was to investigate the risk factors for the development of PPOI in patients undergoing
radical resection for colorectal cancer, to determine the independent relationship between the aforementioned
inflammatory indicators and PPOI, and to establish a nomogram for predicting the development of PPOL.

Patients & methods

Patients

The data of 660 patients who were discharged from the Department of Gastrointestinal Surgery of Chaoyang
Central Hospital with a diagnosis of colorectal cancer from 1 November 2018 to 31 January 2022 were selected.
The inclusion criteria were: 1) complete medical records; 2) histopathologically confirmed primary colorectal
cancer; 3) radical surgery performed; 4) availability of complete peripheral blood counts. The exclusion criteria
were: 1) clinical evidence of preoperative infection; 2) presence of hematologic disorders; 3) neoadjuvant therapy
received; 4) emergency surgery due to intestinal obstruction; 5) concurrent cancer or colorectal cancer recurrence;
6) use of immunosuppressive drugs; 7) miles surgery or intraoperative prophylactic stoma. After inclusion and
exclusion, a total of 229 patients were included in the study. The flowchart is shown in Figure 1.

PPOI diagnostic criteria

The diagnostic criteria in this study were based on the PPOI concept proposed by Vather ez a/. in 2013. PPOI was
diagnosed if patients met two or more of the following five criteria on POD 4 or later: 1) nausea or vomiting; 2)
inability to tolerate oral diet in the previous 24 h; 3) failure to regain flatus in the previous 24 h; 4) abdominal
distention; and 5) radiologic confirmation [6].

Calculation of inflammatory indicators

This study included various previously reported inflammatory indicators [13-18,20-22], such as NLR, PLR, LMR,
SII, PNI, ANLR (postoperative NLR — preoperative NLR) and ASII (postoperative SII — preoperative SII). NLR
was calculated as neutrophil count/lymphocyte count; PLR was calculated as platelet count/lymphocyte count;
LMR was calculated as lymphocyte count/monocyte count; SII was calculated as platelet count X neutrophil
count/lymphocyte count; PNI was calculated as 10 x albumin (g/dl) + 0.005 x total lymphocyte count (per
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Patients who were discharged from the department
of gastrointestinal surgery of Chaoyang

central hospital with a diagnosis of colorectal
cancer from 1 November 2018 to 31 January
2022, were selected. (n = 660)

Included (n = 327) the inclusion criteria were:

(1) complete medical records;

(2) histopathologically confirmed primary colorectal cancer;
(3) radical surgery performed;

(4) availability of complete peripheral blood counts.

Excluded (n = 98)

Clinical evidence of preoperative infection (n = 10)
Neoadjuvant therapy received (n = 1)

Emergency surgery due to intestinal obstruction (n = 6)
Concurrent cancer or colorectal cancer recurrence (n = 6)
Miles surgery or intraoperative prophylactic stoma (n = 75)

229 patients were included in the study

After inclusion and exclusion, a total of

The training group (n = 172) The validation group (n = 57)

{ Nomogram development and evaluation }

Figure 1. Patient-selection flowchart.

mm?); ANLR was calculated as postoperative NLR — preoperative NLR; and ASII was calculated as postoperative
SII — preoperative SII.

Data collection

Patient demographic and clinical data, such as age, gender, BMI, tumor location, tumor American Joint Committee
on Cancer stage, surgical method (cases with intermediate open abdomen were classified as open group), smoking
history, history of previous abdominal surgery, underlying diseases (including hypertension, diabetes and coronary
heart disease), preoperative blood routine and postoperative day 1 blood routine and blood biochemical indexes,
were collected, and the relevant inflammatory indicators were calculated. This study was approved by the Ethics
Committee of Chaoyang Central Hospital (approval number: 2023 (¢]).
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Table 1. Cutoff values of each inflammatory marker and their corresponding sensitivity and specificity.

Variable Truncation value Sensitivity Specificity

Preoperative

Preoperative albumin 43.74 0.31 0.803
Preoperative NLR 4.71 0.172 0.944
Preoperative Sl 476.63 0.662 0.448
Preoperative PLR 182.66 0.333 0.739
Preoperative LMR 5.76 0.254 0.862
Preoperative PNI 43.75 0.31 0.803

Postoperative

Postoperative albumin 35.19 0.507 0.598
Postoperative NLR 10.10 0.575 0.704
Postoperative Sll 2426.55 0.391 0.831
Postoperative PLR 263.97 0.345 0.824
Postoperative LMR 1.31 0.768 0.414
Postoperative PNI 35.20 0.507 0.598

LMR: Lymphocyte-monocyte ratio; NLR: neutrophil-lymphocyte ratio; PLR: Platelet-lymphocyte ratio; PNI: Prognostic nutritional index; SlI: Systemic immune-inflammation index.

Statistical analyses

Data that met normality were expressed as mean = standard deviation and analyzed using a t-test, while data that
did not meet normality were expressed as median and interquartile range and analyzed using the Mann—Whitney
rank sum test. Preoperative and postoperative levels of albumin, NLR, PLR, LMR, SIT and PNI were analyzed using
receiver operating characteristic (ROC) curve analysis. Optimal cutoff values for each parameter were determined
using Youden index, and the data were dichotomized based on these cutoff values and represented as categorical
variables. Categorical data were expressed as frequencies and percentages, and the Chi-square test was used for
analysis. Parameters with statistical significance in the univariate analysis were further subjected to multivariate
binary logistic regression analysis. IBM SPSS Statistics 25 software was used for the analyses. p < 0.05 was
considered statistically significant in all analyses. The dataset was randomly split into training and validation sets in
a 75:25 ratio. A nomogram based on the results of multiple-factor analysis was constructed using R version 4.2.2
software and validated. The predictive performance of the nomogram was evaluated by calculating the area under
the receiver operating characteristic curve (AUC). A calibration curve was constructed to compare the predicted
probabilities from the nomogram with the actual probabilities.

Results

Patient demographic data & optimal cut-off values for each indicator

Based on the inclusion and exclusion criteria, a total of 229 patients were enrolled in the study, comprising 134
males (58.5%) and 95 females (41.5%), with a mean age of 65.52 years. Among them, 136 (59.4%) were rectal
patients, 41 (17.9%) were left hemicolectomy patients and 52 (22.7%) were right hemicolectomy patients. A total
of 178 patients (77.7%) underwent laparoscopic radical resection for rectal cancer, while 51 patients (22.7%)
underwent open surgery. PPOI occurred in 87 patients, with an incidence rate of 38.0%. The demographic data
of the other patients are shown in Supplementary Table 1.

ROC curves were used to analyze the preoperative and postoperative routine blood and biochemical indexes,
and the cutoff value with the highest sensitivity and specificity was selected for each index. The cutoff values for
the preoperative indexes were 43.74 g/l for albumin, 4.71 for NLR, 182.66 for PLR, 5.76 for LMR, 476.63 for
SII and 43.75 for PNI. For the postoperative indexes, the cutoff values were 35.19 g/l for albumin, 10.10 for
NLR, 263.97 for PLR and 1.31 for LMR. Table 1 shows the cutoff values and their corresponding sensitivity and
specificity.

Univariate & multivariate analysis of PPOI

Univariate analysis revealed that age >70 years, open surgery, preoperative NLR >4.71, preoperative LMR
<5.76, postoperative NLR >10.10, postoperative SII >2426.55, postoperative PLR >263.97, postoperative
LMR <1.31 and ANLR were significantly associated with PPOI. Furthermore, multifactorial logistic regression
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Figure 2. Nomogram for predicting the likelihood of prolonged postoperative ileus after radical resection for
colorectal cancer. A straight line was drawn vertically from the axis of each variable toward the ‘points’ scale. The
points for each variable were summed together to generate a total point score, which is projected on the bottom line
to obtain the individual predictive risk of PPOI.

pre-NLR: Preoperative neutrophil-lymphocyte ratio; ANLR: Change of NLR, postoperative NLR — preoperative NLR.

analysis demonstrated that age >70 years (OR: 1.903; 95% CI: 1.017-3.560; p = 0.044), preoperative NLR >4.71
(OR: 6.084; 95% CI: 1.816-20.382; p = 0.003) and ANLR (OR: 1.181; 95% CI: 1.052-1.325; p = 0.005) were
independent risk factors for the development of PPOI after radical surgery in patients with colorectal cancer.

Development & validation of a nomogram predicting the PPOI

The data were randomly divided into a training group (n = 172) and a validation group (n = 57) according to a 75%
and 25% split; the baseline analysis between the two groups is shown in Supplementary Table 2. Except for BMI
(p = 0.015), there were no significant differences in baseline demographic and clinicopathological characteristics
between the two groups (Supplementary Table 2). A nomogram to predict PPOI (Figure 2) and ROC curves
(Figure 3) and calibration curves (Figure 4) were developed in the training group using three independent risk
factors identified by multifactorial logistic regression analysis with an AUC value of 0.738 (95% CI: 0.661-0.815).
Internal validation was performed in the validation group and ROC curves (Figure 5), and calibration curves
(Figure 6) were plotted with an AUC value of 0.697 (95% Cl: 0.560—0.834). This indicates that the PPOI column
line plot has good predictive efficacy; the calibration curve shows good agreement between predictions and actual
observations.

Discussion
Colorectal cancer is one of the most common malignant tumors, and according to the International Agency for
Research on Cancer in 2020, the incidence of colorectal cancer ranks third in all malignant tumors with 10.0%,
and the mortality rate ranks second with 9.4% [1]. Currently, the treatment of colorectal cancer is still mainly
surgical. PPOI is one of the most common postoperative complications of colorectal cancer that seriously affects
the recovery process of patients.

Identifying the risk factors associated with PPOL is crucial for early detection and prevention. Our study identified
age >70 years, preoperative NLR >4.71 and high ANLR as independent predictors of PPOL. In addition, we
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Figure 3. Receiver operating characteristic curve of prolonged postoperative ileus nomogram in the training group.
AUC: Area under the receiver operating characteristic curve; ROC: Receiver operating characteristic curve.

developed a nomogram to predict the occurrence of PPOI, which demonstrated a good predictive efficacy, as
indicated by an AUC value of 0.738 (95% Cl: 0.661-0.815). Furthermore, the calibration curve indicated a
satisfactory agreement between predicted and observed outcomes.

Previous reports have reported a range of 3-30% for the incidence of PPOI [5]. However, in our study we
observed a higher incidence of 38.0%, with PPOI occurring in 87 out of 229 patients who underwent radical
resection for colorectal cancer. This is higher than the reported incidence in the previous literature. For example,
Liang ez al. reported a PPOI incidence of 21.54% (67 out of 311 patients) in those diagnosed with gastric or
colorectal cancer [5]. Vather ez a/. reported an incidence of 26.9% (88 out of 327 patients) in those who underwent
elective surgery for colorectal cancer [23]. The difference in incidence may be due to the imperfect implementation
of the ERAS protocol at our center and the fact that 22.3% of patients still underwent surgery in an open fashion,
which led to a higher rate of PPOI occurrence.

In this study, ROC curves and the Youden index were were used to analyze the metrics included in the study
in order to select the cutoff values with the highest sensitivity and specificity. Supplementary Table 1 shows the
cutoff values of each index and their corresponding sensitivity and specificity. Among these, the preoperative NLR
had a cutoff value of 4.71, with a sensitivity of 0.172 and a specificity of 0.944. In a 2020 report, Mungan
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Figure 4. Calibration plots of nomogram in the training group. The apparent line represents actual nomogram
performance. The bias-corrected line represents the bootstrap-corrected performance of the nomogram. The
diagonal line is an ideal model, indicating 100% predictive power.

et al. established a cutoff value of 3.92 (sensitivity 0.375, specificity 0.802) for NLR [24]. The authors considered
that the varying nonstandardized study populations led to the NLR cutoff value’s high specificity and low sensitivity.
Our research team consider that the low sensitivity was mainly due to the fact that NLR is calculated from the
ratio of neutrophils to lymphocytes, and there are many factors that can lead to an increase in NLR in a clinical
setting. By setting a cutoff value of 4.71, we achieved high specificity in diagnosing PPOI by excluding most of the
clinic’s factors that affect NLR, although sensitivity was compromised. It is important to acknowledge that this was
a review, single-center study with a limited sample size, and the calculated cutoff value’s low sensitivity might be
attributed to data bias. Consequently, its clinical applicability might be somewhat affected. To gain a more robust
and generalizable understanding, a larger scale, multicenter and prospective study will be essential in the future.
In this study, age >70 years was identified as an independent risk factor for developing PPOI after radical
resection for colorectal cancer. This may be attributed to the fact that older individuals have a poorer nutritional
status and gastrointestinal motility function compared with younger individuals, which necessitates a longer
recovery period [25]. In addition, elderly individuals tend to have a higher prevalence of comorbid diseases such
as hypertension, diabetes mellitus and coronary heart disease [26]. Therefore, perioperative care for elderly patients
aged >70 years should be more alert to the risk of PPOI, such as nutritional risks, fluctuations in blood pressure and
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Figure 5. Receiver operating characteristic curve of prolonged postoperative ileus nomogram in the validation

group.
AUC: Area under the receiver operating characteristic curve; ROC: Receiver operating characteristic curve.

blood glucose levels, and the presence of underlying cardiopulmonary diseases, with individualized interventions
aimed at carefully selecting and implementing ERAS protocols.

The tumor microenvironment, especially the inflammatory response, plays a crucial role in tumor development
and may be associated with systemic inflammation [27). Recently, the NLR has been recognized as an indicator
of poor prognosis in various solid tumors, including colorectal, breast and lung cancers [13,28,29]. In this study,
a preoperative NLR >4.71 was identified as an independent risk factor for the development of PPOI following
radical resection for colorectal cancer. Previous studies have reported that tumors secrete various growth factors, such
as TNF-a, granulocyte colony-stimulating factor, IL-1 and IL- 6, which can increase the number of neutrophils at
the tumor site [30]. Neutrophils can promote tumor growth and metastasis by remodeling the extracellular matrix,
releasing reactive oxygen species, nitric oxide and arginase to inhibit T-lymphocyte responses, and increase mutation
rates [31]. An increased number of neutrophils and suppression of T lymphocytes elevate NLR. Hence, patients with
larger tumors and advanced staging often exhibit increased infiltration of inflammatory cells, such as neutrophils, at
the tumor site. This enhanced inflammatory response may be reflected, to some extent, by an elevated preoperative
NLR, manifested as preoperative NLR >4.71. Such patients may present with poorer preoperative bowel status,
characterized by intestinal edema or adhesions, which can lead to more difficult surgeries, more intraoperative
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Figure 6. Calibration plot of nomogram in the validation group. The apparent line represents actual nomogram
performance. The bias-corrected line represents the bootstrap-corrected performance of the nomogram. The
diagonal line is an ideal model, indicating 100% predictive power.

bowel irritation and extended surgical duration. Consequently, these factors contribute to a higher incidence of
postoperative PPOI. For patients with preoperative NLR >4.71, clinicians should be vigilant and adopt a more
cautious perioperative preparation strategy, avoid redundant operations during surgery and reduce the irritation to
the intestine, so as to reduce the incidence of PPOL.

Previous studies have demonstrated that dynamic changes in NLR, defined as ANLR (postoperative
NLR/preoperative NLR), are an independent prognostic factor in patients with stage II or IIT colorectal can-
cer who underwent radical resection [17]. Similarly, Chen ez al. reported that dynamic changes in SII, defined as
ASII (postoperative SII-preoperative SII), are an independent prognostic factor in patients undergoing radical
resection for colorectal cancer [18]. In our study, we investigated the relationship between ANLR and ASII and
the development of PPOI after radical resection for colorectal cancer. Our results indicate that ANLR is an inde-
pendent risk factor for PPOI. ANLR reflects the changes in systemic inflammation in patients before and after
surgery and the effect of surgery on inflammatory status. Sui et al. reported in 2022 that neutrophils are closely
associated with POI, and increased neutrophil infiltration was observed in a model of POI induced by intestinal
manipulation [19]. The mechanism may be related to the activation of intestinal resident macrophages by intestinal
manipulation or surgical trauma, leading to the release of multiple cytokines, including IL-10, which promotes
leukocyte aggregation and inhibits gastrointestinal function by affecting intestinal muscles and nerves [19]. IL-10
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can also influence neutrophil migration to the site of trauma by regulating neutrophil chemokine expression. IL-10
deficiency reduces neutrophil exudation into the intestinal wall and improves paralytic intestinal obstruction [19].
The article also mentioned JAK1 and MAPK2 as being associated with neutrophil infiltration [19]. Based on these
multiple pathways, which may lead to elevated postoperative NLR and subsequently elevated ANLR, a high ANLR
can reflect to some extent that the surgical procedure is more irritating to the intestinal tract, and that the surgery
is more difficult and prolonged, and that such patients may have a higher incidence of PPOL

We developed and internally validated a nomogram based on the identified independent risk factors. The
AUC values for the training and validation groups were 0.738 (95% CI: 0.661-0.815) and 0.697 (95% CI: 0.560—
0.834), respectively, and the calibration curves also showed positive agreement. The calibration curves further
affirmed the nomogram’s accuracy. In comparison, Sugawara ez a/. constructed a nomogram to predict PPOI after
major abdominal surgery based on smoking history, surgical approach and open surgery usage, yielding an AUC
value 0f 0.71 (95% CI: 0.66-0.77) [32]. Similarly, Lin ez a/. developed a nomogram considering age, gender, surgical
access and intraoperative fluid overload, achieving AUCs of 0.779 (95% CI: 0.736-0.822) for the training group
and 0.791 (95% CI: 0.677-0.905) for the external validation group [7], surpassing the AUC values reported in
our study. The higher AUC values in the studies by Lin ez 2. might be attributed to their larger sample size (1254
cases), which mitigates potential biases. Nevertheless, our study incorporated NLR and ANLR as objective clinical
indicators, enhancing the precision and objectivity of PPOI prediction. Our nomogram may serve as an early
warning system for PPOI after radical resection of colorectal cancer. It can aid in the stratification of postoperative
patients for different interventions based on their risk levels, accelerate the postoperative recovery process and
achieve precise diagnosis and treatment.

For patients with colorectal cancer, we recommend conducting blood collection for NLR assessment upon
admission, before any clinical intervention, to gain crucial baseline data. Based on the patient’s age and preoperative
NLR, individualized perioperative interventions should be implemented. These interventions may encompass
active nutritional support, meticulous blood pressure and blood glucose control, and comprehensive management
of other underlying medical conditions. Particularly, patients with elevated preoperative NLR levels may exhibit
poorer bowel status, necessitating a judicious surgical plan guided by additional tests and imaging. Furthermore,
we advocate postoperative day 1 as an essential checkpoint for blood collection and ANLR calculation. By utilizing
our nomogram, we can accurately gauge each patient’s risk of developing PPOI. Early preventive measures should
be promptly initiated, including gum chewing, abdominal warm compresses and early mobilization to mitigate the
occurrence of PPOI and promote a smooth postoperative recovery. By following this comprehensive approach, we
aim to improve patient outcomes and optimize the management of colorectal cancer patients undergoing surgery.

However, this study has several limitations. First, this is a review research with a small sample size. The clinical
data collected may be biased, and some variables may not have been collected. Second, the nomograms were created
based on data from our center alone, which may introduce bias. Third, the use of medications for pain control,
particularly opioids, was not considered, which may have an impact on PPOL. In the future, the nomogram can be
further improved by designing prospective, multicenter and large-sample experiments, incorporating more clinical
factors that may affect the PPOI and developing clinical indicators with both specificity and sensitivity in order to
improve the predictive efficacy.

Conclusion

Age, preoperative NLR and ANLR are independent risk factors for PPOI. The nomogram established based on
independent risk factors has a good predictive performance and may guide clinicians to individualize the diagnosis
and treatment.
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Summary points

e Colorectal cancer is one of the common tumors worldwide, and prolonged postoperative ileus (PPOI) is one of
the common complications after colorectal cancer surgery.

e Various inflammatory biomarkers (neutrophil-lymphocyte ratio, platelet-lymphocyte ratio,
lymphocyte-monocyte ratio, systemic immune-inflammation index, prognostic nutritional index (PNI) and
dynamic changes in neutrophil-lymphocyte ratio and systemic immune-inflammation index) have been
considered prognostic indicators for various malignancies.

e The relationship between various inflammatory markers and PPOI remains uncertain.

e In this study, receiver operating characteristic curves and Youden index were were used to analyze the metrics
included in the study in order to select the cutoff values with the highest sensitivity and specificity.

e Age, preoperative NLR and dynamic changes in NLR have been identified as independent risk factors for PPOI.

e The nomogram constructed using these risk factors have demonstrated improved predictive performance, and
could potentially assist clinicians in making individualized diagnoses and treatment plans.

e This study still has certain limitations, such as a relatively small sample size and its review nature being single
center.

e Further research is warranted in the future, incorporating additional parameters to enhance the predictive
efficacy.
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