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Abstract
Introduction  Colorectal cancer (CRC) is a common malignant tumor of the digestive tract. Although many 
prognostic indicators are currently available, it remains unclear which indicators are the most beneficial for patients 
with CRC. Therefore, there is a critical need to identify a simple, convenient and accurate prognostic indicator.

Purpose  To investigate the clinical significance of the systemic immune-inflammation index (SII) and prognostic 
nutritional index (PNI) as prognostic indicators for the survival of patients with CRC.

Methods  The clinical data of CRC patients admitted to the general surgery ward of Taizhou People’s Hospital 
affiliated to Nanjing Medical University from January 2015 to January 2018 were retrospectively analyzed. Two 
prognostic indicators (SII and PNI) were compared to evaluate their prognostic value in CRC patients.

Results  Based on these variables, we constructed a LASSO prediction model. The AUC (Area Under the Curve) value 
and 95% CI of the training group were 0.917 (0.858–0.976) compared to 0.932 (0.846–1.000) in the validation group. 
We found that CEA > 5 ng/mL, tumor stage, pathological type, postoperative complications, and PNI were associated 
with the five-year survival rate of CRC patients. Receiver Operating Characteristic Curves (ROC) were drawn to assess 
the prediction accuracy of the model. The AUC and 95% CI of the training group were 0.913 (0.854–0.972), while the 
AUC and 95% CI of the validation group were 0.954 (0.899–1.000).

Conclusions  PNI is an independent risk factor for postoperative complications associated with CRC and a powerful 
tool for predicting survival outcomes in CRC patients.
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Introduction
Colorectal cancer (CRC) is one of the most common 
gastrointestinal malignancies in the world, with 800,000 
deaths reported globally every year [1, 2]. In 2020, 
approximately 19.3 million new cancer cases and nearly 
10  million cancer deaths worldwide were reported [3]. 
The main risk factor for CRC is age, although other 
inherent risk factors such as inflammatory bowel disease 
and Crohn’s disease have also been identified as impor-
tant risk factors [4–6]. The global increase in CRC can be 
attributed to an increasingly aging population, adverse 
modern dietary habits, and an association with increased 
risk factors such as smoking, physical inactivity, obesity, 
diabetes mellitus and accompanying inflammatory state 
[7–11].

The prognostic nutritional index (PNI) refers to the 
use of serum albumin and peripheral blood level lym-
phocyte counts, and was originally used to predict pre-
operative nutritional status by assessing postoperative 
complications in patients undergoing surgery [12–14]. 
Recent studies have shown that the PNI has high accu-
racy in predicting various cancers [15]. Immune system 
function plays a crucial role in tumor efficacy, and serum 
albumin and lymphocyte levels are important indicators 
of immune system function [16, 17]. Thus, the PNI is a 
comprehensive reflection of the nutritional and immune 
status of patients and is closely associated with the body’s 
ability to clear tumor cells and reduce local recurrence 
[18].

The systemic immune-inflammation index (SII) is 
a valuable prognostic indicator that reflects the local 
immune response and systemic inflammation of the 
whole body [19]. The SII was first proposed by Hu et al. 
in [20] and has since been extensively studied [20]. The 
SII is often used as a predictor of mortality in cancer 
patients because higher SII values are associated with 
an increased risk of death [21]. In patients with tumors, 
both pro-tumor and anti-tumor factors are induced in 
the body, including increased neutrophil and platelet 
levels, decreased lymphocyte levels, and increased SII 
values [22–24]. In recent years, the application of the SII 
has expanded, such that it can also be used to predict the 
severity of various diseases and the effects of different 
treatments [25].

Carcinoembryonic antigen (CEA) and carbohydrate 
antigen 19 − 9 (CA19-9) are well-established tumor mark-
ers that are present at elevated levels in the serum of 
patients with various gastrointestinal tumors or in cases 
where tumor metastasis has already occurred [26, 27]. 
Although CEA and CA19-9 can be used to monitor CRC 
patients, abnormal changes may also occur in colorectal 
polyps, indicating that these markers lack specificity and 
sensitivity [28, 29]. Tumor Protein p53 (TP53) is the most 
commonly mutated gene in humans with CRC [30]. TP53 

is a key tumor suppressor, and loss of TP53 function is 
often a prerequisite for cancer development [31]. How-
ever, the diagnosis and treatment of tumor patients har-
boring TP53 mutations is expensive and places a financial 
burden on the patients and their families. Therefore, 
there is a critical need to find a simple, inexpensive and 
reliable prognostic index.

Patients with malignant tumors often have cachexia, 
severe malnutrition and chronic inflammatory stimu-
lation, which have negative effects on the treatment of 
patients. Therefore, the aim of this study was to examine 
further the prognostic value of the SII and PNI in CRC 
patients before and/or before treatment.

Methods
Study participants
This study was approved by the Ethics Committee of 
Taizhou People’s Hospital Affiliated to Nanjing Medi-
cal University and was strictly screened according to 
the inclusion and exclusion criteria. The clinical data of 
patients with CRC admitted to the general surgery ward 
of Taizhou People’s Hospital Affiliated to Nanjing Medi-
cal University (Taizhou, China) from January 2015 to Jan-
uary 2018 were retrospectively collected.

The inclusion criteria included: (1) aged 18–80 years 
old; (2) CRC was diagnosed after biopsy; (3) no other 
forms of treatment such as radiotherapy or chemother-
apy were received after diagnosis; (4) written informed 
consent of the patient and their family was obtained; 
and (5) the complete medical records and follow-up 
data of patients were available. The exclusion criteria 
included: (1) CRC patients with tumors at other sites; (2) 
CRC patients with a severe bleeding tendency; (3) CRC 
patients with serious medical diseases; (4) CRC patients 
that had undergone other treatment options; and (5) 
patients with incomplete medical records.

Data collection
General information was collected including the patient’s 
age, sex, height, weight, Body Mass Index (BMI), hyper-
tension, diabetes, tumor location, surgical method, 
preoperative albumin, preoperative lymphocytes, preop-
erative neutrophils, preoperative platelets, preoperative 
monocytes, preoperative white blood cells, preoperative 
hemoglobin, CEA, CA125, CA19-9, maximum tumor 
diameter, tumor stage, the presence of lymph node 
metastasis, pathological type, five-year overall survival 
(OS), PNI, SII and other clinical data. Patients were fol-
lowed up through outpatient clinics and telephone calls. 
A total of 221 CRC patients were followed. By December 
2023, data regarding the survival status of patients diag-
nosed with CRC after surgical treatment in our hospital 
and five-year follow-up data were obtained.
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The SII value was calculated as follows: SII = platelet 
count (P) × neutrophil count (N)/lymphocyte count (L). 
The PNI value was calculated as follows: PNI = neutrophil 
count (N)/lymphocyte count (L).

Statistical analysis
Key variables were screened using LASSO and a LASSO 
prediction model was developed based on the selected 
variables. Next, COX regression analysis was performed 
on the selected variables. The validity of the LASSO-Cox 
regression model was assessed by generating receiver 
operating characteristic (ROC) curves on the prediction 
models of the training and validation groups. P < 0.05 
indicated that differences were statistically significant.

Results
Baseline characteristics of five-year survival in patients 
with CRC
First, we examined the potential factors associated with 
five-year survival or death in CRC patients to identify the 

risk factors associated with mortality in CRC patients. 
As shown in Table  1, CEA > 5 ng/mL (P = 0.001), tumor 
stage (P = 0.001), lymph node metastasis (P = 0.001), 
pathological type (P = 0.001), postoperative complications 
(P = 0.001), intraoperative bleeding > 100  ml (P = 0.035), 
intraoperative blood transfusion (P = 0.004), leukocyte 
(P = 0.028), albumin (P = 0.028), prealbumin (P = 0.001), 
lymphocytes (P = 0.001), PNI (P = 0.001) and SII 
(P = 0.001) were significantly different between the sur-
viving and deceased groups. Therefore, we hypothesized 
that these risk factors were associated with the five-year 
survival of CRC patients.

Construction of a five-year survival prediction model for 
patients with CRC
The variables were screened using the LASSO regression 
model (Figs. 1 and 2; Table 2). A death prediction model 
was constructed by randomly assigning the total popula-
tion to a training group consisting of 70% of the patients 
(159 cases) and a validation group consisting of 30% of 
the patients (62 cases).

The training group was set up to predict the model, 
while the validation group was used for validation. The 
LASSO model for screening key variables was evaluated 
using ROC curves with the training group ROC curve 
shown in Fig.  3 and that of the validation group shown 
in Fig.  4. We found that the AUC values and 95% CI 
were 0.917 (0.858–0.976) in the training group and 0.932 
(0.846–1.000) in the validation group, suggesting that the 
LASSO model had an excellent ability to screen for key 
variables.

Survival analysis of prognosis of patients with CRC
Survival analysis was performed on the selected key 
variables. We found that CEA (P = 0.006), tumor stage 
(P = 0.016), pathological type (P = 0.033), postoperative 
complications (P = 0.047) and PNI (P = 0.000) were all sig-
nificant (Table 3).

Establishment and efficacy evaluation of a prognostic 
predictive model for CRC
The key variables (CEA, tumor stage, pathological type, 
complications and PNI) were selected by survival analy-
sis and a nomogram was constructed. As shown in Fig. 5, 
the nomogram had certain clinical practicability. Each 
predicted risk factor was given a corresponding score. 
A total score was then calculated for each patient based 
on the predicted risk factor score for each of the patient’s 
risk factors. The numbers corresponding to the total 
score were plotted vertically to obtain the predicted sur-
vival rates of CRC patients at 12, 36 and 60 months.

The predictive ability of the nomogram was further 
evaluated by drawing ROC curves. The ROC curves of 
the training group predicted model and validation group 

Table 1  Baseline characteristics of the surviving and deceased 
sets

Survival Death P value
N = 172 N = 49

Age > 60years(%) 76(44.2) 27(55.1) 0.234
Gender, male(%) 103(59.9) 27(55.1) 0.663
Hypertension(%) 50(29.1) 15(30.6) 0.975
Diabetes(%) 13(7.6) 6(12.2) 0.457
Obesity(%) 71(41.3) 22(44.9) 0.773
Tumor position, rectum (%) 57(33.1) 17(34.7) 0.975
Surgical approach, knife(%) 72(41.9) 16(32.7) 0.319
CEA > 5ng/mL(%) 46(26.7) 30(61.2) < 0.001
Diameter ≥ 5 cm((%) 70(40.7) 23(46.9) 0.537
Stage, III(%) 42(24.4) 31(63.3) < 0.001
Transfer(%) 42(24.4) 31(63.3) < 0.001
Pathological type,
mid-to-high polarization(%)

132(76.7) 24(49.0) < 0.001

Complications(%) 7(4.1) 14(28.6) < 0.001
CA125>35U/mL(%) 23(13.4) 10(20.4) 0.321
CA199>37KU/L(%) 15(8.7) 6(12.2) 0.641
Anemic(%) 73(42.4) 22(44.9) 0.886
Bleeding > 100 ml(%) 54(31.4) 24(49.0) 0.035
Transfusion(%) 8(4.7) 9(18.4) 0.004
Neutrophil,10^9/L 5.68 ± 7.33 6.10 ± 3.87 0.698
Platelet,10^9/L 187.71 ± 70.74 185.22 ± 58.42 0.822
Monocyte,10^9/L 0.54 ± 0.52 0.65 ± 0.90 0.304
WBC,10^9/L 7.20 ± 2.61 8.34 ± 4.71 0.028
Pre-albumin, mg/L 191.37 ± 56.72 168.65 ± 67.09 0.019
HGB, g/L 116.06 ± 22.65 113.00 ± 25.40 0.417
Age, years 62.98 ± 12.04 67.29 ± 8.98 0.021
Albumin, g/L 40.35 ± 4.64 36.65 ± 4.20 < 0.001
Lymphocyte,10^9/L 2.59 ± 1.63 1.45 ± 0.66 < 0.001
PNI 53.29 ± 8.85 43.91 ± 5.62 < 0.001
SII 441.89 ± 360.15 923.75 ± 727.27 < 0.001
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predicted model are shown in Figs. 6 and 7, respectively. 
The AUC value and 95% CI of the training group were 
0.913 (0.854–0.972) compared to 0.954 (0.899–1.000) 
in the validation group. These results suggested that the 
nomogram model was good for predicting the five-year 

survival in CRC patients. Finally, the correction curve 
was drawn, and revealed that the actual situation and 
prediction results were in high agreement, indicating that 
the predictive model was accurate (Figs. 8 and 9).

Fig. 2  FLasso cross-validation curve

 

Fig. 1  Lasso coefficient path
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Discussion
There is growing evidence that the SII and PNI, which 
reflect systemic inflammation and nutritional status, can 
reflect the relationship between host inflammation and 
immune status, and accurately predict the prognosis of 
cancer patients [32]. However, the relationship between 
the PNI, SII and clinical outcomes in CRC patients 
remains unclear. The primary objective of this study was 
to assess the prognostic value of the SII and PNI in CRC 
patients undergoing surgical removal. Our results show 
that among the risk factors associated with five-year sur-
vival or death in CRC patients, the PIN and SII are closely 
associated with mortality in CRC patients. Survival anal-
ysis revealed that CEA, tumor stage, pathological type, 
postoperative complications and PNI were significant 
risk factors for CRC patients, with PNI showing the high-
est significance.

Table 2  Baseline characteristics of the training and validation 
sets

Training set Validation set P value
N = 159 N = 62

Age > 60years(%) 76(47.8) 27(43.5) 0.675
Gender, male(%) 91(57.2) 39(62.9) 0.537
Hypertension(%) 45(28.3) 20(32.3) 0.678
Diabetes(%) 14(8.8) 5(8.1) 1.000
Obesity(%) 64(40.3) 29(46.8) 0.465
Tumor position, rectum (%) 53(33.3) 21(33.9) 1.000
Surgical approach, knife(%) 67(42.1) 21(33.9) 0.330
CEA > 5ng/mL(%) 55(34.6) 21(33.9) 1.000
Diameter ≥ 5 cm((%) 71(44.7) 22(35.5) 0.276
Stage, III(%) 52(32.7) 21(33.9) 0.995
Transfer(%) 52(32.7) 21(33.9) 0.995
Pathological type,
mid-to-high polarization(%)

111(69.8) 45(72.6) 0.809

Complications(%) 14(8.8) 7(11.3) 0.756
CA125>35U/mL(%) 26(16.4) 7(11.3) 0.460
CA199>37KU/L(%) 13(8.2) 8(12.9) 0.411
Anemic(%) 64(40.3) 31(50.0) 0.244
Bleeding > 100 ml(%) 55(34.6) 23(37.1) 0.847
Transfusion(%) 16(10.1) 1(1.6) 0.066
Neutrophil,10^9/L 5.58 ± 5.89 6.27 ± 8.49 0.492
Platelet,10^9/L 188.15 ± 71.06 184.61 ± 60.24 0.729
Monocyte,10^9/L 0.52 ± 0.51 0.67 ± 0.84 0.107
WBC,10^9/L 7.35 ± 2.91 7.71 ± 3.93 0.460
Pre-albumin, mg/L 187.26 ± 60.11 183.98 ± 59.29 0.715
Albumin, g/L 39.59 ± 5.06 39.38 ± 4.07 0.767
Lymphocyte,10^9/L 2.29 ± 1.74 2.44 ± 0.87 0.518
PNI 51.06 ± 10.04 51.60 ± 6.14 0.694
SII 562.95 ± 525.78 512.25 ± 455.03 0.505

Table 3  Multivariate analysis of risk factors for postoperative 
complications in CRC patients

OR 95%CI P value
Diabetes 7.207 (0.907–55.995) 0.057
Surgical approach 1.914 (0.677–5.692) 0.228
CEA 5.060 (2.021–13.584) 0.001
Complications 2.929 (0.653–13.67) 0.161
Danhe 2.262 (0.341–21.282) 0.492
WBC 1.217 (0.934–1.585) 0.142
Pre-albumin 0.998 (0.99–1.007) 0.722
Albumin 1.415 (1.111–1.867) 0.009
PNI 0.614 (0.474–0.758) 0.000
SII 1.000 (0.999–1.002) 0.938

Fig. 4  ROC curve for variable selection in the validation group

 

Fig. 3  ROC curve for variable selection in the training group
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Fig. 7  ROC curve for predictive model in the validation group

 

Fig. 6  ROC curve for predictive model in the training group

 

Fig. 5  Prediction of OS nomogram after laparoscopic radical resection of CRC
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The nutritional and inflammatory status of the body 
has been shown to play an important role in the occur-
rence, development and prognosis of tumors. Previous 
studies have confirmed that preoperative hypoalbumin-
emia is closely related to postoperative morbidity and 
mortality, as well as a poor survival rate after tumor 
surgery [33]. Serum albumin levels are important inde-
pendent biomarkers for a wide range of human diseases, 
including cancer [34]. Interestingly, albumin has been 
shown to display active tumor targeting effects through 
its interactions with GP60 and secreted protein acidic 
and rich in cysteine in tumor-associated endothelial cells 
and the tumor microenvironment [35].

The prognostic value of a pretreatment PNI in patients 
with lung cancer was systematically evaluated in a 2018 

meta-analysis. A low pretreatment PNI was found to be 
closely associated with poor OS in lung cancer patients, 
and a predictor of poor survival [36]. Similarly, Zhang et 
al. examined the relationship between the PNI and OS, 
disease free survival and progression free survival in 
breast cancer patients receiving clinical treatment. High 
PNI values were found to be a favorable independent pre-
dictor of prolonged OS and progression free survival in 
breast cancer patients after clinical treatment, and the 
PNI was significantly correlated with the prognosis of 
breast cancer patients [37].

A study evaluating the relationship between preop-
erative SII and the prognosis and clinicopathological 
features of bladder cancer in 7087 patients found that 
preoperative SII elevation was associated with poor 
tumor differentiation, high tumor stage, lymph node 
involvement, and tumor size ≥ 3 cm. Moreover, preopera-
tive SII elevation was significantly associated with poor 
survival outcomes and adverse pathological features [38]. 
The SII, as an inflammatory indicator, has been identified 
as a prognostic biomarker in various diseases including 
acute kidney injury, fatty liver, hyperlipidemia, ischemic 
stroke, Alzheimer’s disease and cerebral hemorrhage 
[39–42].

In recent years, increasing evidence has suggested that 
the interaction between tumor cells and platelets is a pre-
requisite for the successful transmission of blood metas-
tasis [43]. Platelets stimulate the proliferation of cancer 
cells by releasing a variety of cytokines and chemokines, 
as well as accelerate tumor angiogenesis through various 
angiogenic regulatory factors, thereby playing a crucial 
role in the growth and metastasis of cancer cells. Zhang et 
al. demonstrated that cancer cells can be reprogrammed 
to a metastatic state by acquiring platelet mitochondria 
via the PINK1/Parkin-Mfn2 signaling pathway. In addi-
tion, platelet mitochondria regulate the GSH/GSSG ratio 
and reactive oxygen species of tumor cells, promoting 
lung metastasis of osteosarcoma [44]. Neutrophils are 
the most abundant myeloid cells in human blood and are 
important regulators of cancer [45]. External stimulation 
of the tumor microenvironment can trigger the accumu-
lation of tumor-associated neutrophils in local areas and 
switch between anti-tumor and pro-tumor phenotypes 
[46]. Anti-tumor neutrophils kill tumor cells directly 
through cytotoxic effects, as well as indirectly through 
the activation of adaptive immune responses. In contrast, 
the pro-tumor phenotype of neutrophils may be related 
to cell proliferation, angiogenesis, and immunosuppres-
sion in the tumor microenvironment [47].

This study introduces the PNI as a novel prognostic 
marker for CRC, addressing a gap in the current litera-
ture. We utilized LASSO regression for feature selec-
tion, followed by Cox regression analysis and ROC curve 
evaluation to validate the robustness of our findings. 

Fig. 9  Calibration curve for predictive model in the validation group

 

Fig. 8  Calibration curve for predictive model in the training group
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Based on these analyses, we developed a nomogram that 
facilitates individualized survival predictions. Further-
more, the study investigates the potential role of PNI 
in CRC prognosis by linking it to underlying biological 
mechanisms. PNI offers several advantages, including 
cost-effectiveness and ease of measurement, making it a 
valuable tool for preoperative risk assessment and pro-
viding crucial support for postoperative follow-up care. 
However, there are several limitations associated with 
the analytical process of this retrospective study. First, 
subjectivity in the collection of CRC patient data may 
have contributed to biases in our findings. Secondly, the 
influencing factors included in our study are not compre-
hensive. Third, this retrospective study is a single-center 
study that includes a relatively small number of patients, 
which may affect the accuracy of our results. Future stud-
ies that incorporate more patients from multiple centers 
and a comprehensive risk factor analysis are the next step 
to carry out survival and related risk factor analyses of 
CRC patients to better serve clinicians and patients.

Recommendations and future perspectives
First, future studies should consider incorporating the 
PNI and SII into the routine preoperative assessment of 
CRC patients. These indices offer valuable insights into a 
patient’s nutritional and inflammatory status, which are 
critical for predicting postoperative outcomes. Further-
more, SII, as a robust marker of systemic inflammation, 
provides essential information regarding the patient’s 
overall inflammatory state, particularly in the context of 
the immune response within the tumor microenviron-
ment. With the advancement of precision medicine, it is 
imperative to integrate genomic and molecular biology 
research with PNI and SII to elucidate their specific roles 
in tumorigenesis and cancer progression. Such interdis-
ciplinary approaches could uncover novel mechanisms 
underlying CRC development and identify potential ther-
apeutic targets.

In terms of therapeutic strategies, we recommend fur-
ther investigation into the efficacy of immunomodula-
tors and nutritional interventions in CRC patients. Given 
the well-documented immunomodulatory properties of 
vitamin D and certain repurposed drugs, future stud-
ies should explore their potential as adjunctive therapies 
in CRC treatment [48]. Additionally, the repurposing of 
existing pharmacological agents, such as anti-inflamma-
tory or immunomodulatory drugs, as adjunctive treat-
ments for CRC warrants further exploration. These 
approaches could offer cost-effective and readily available 
options to enhance current treatment regimens.

Conclusion
The PNI is a simple and feasible indicator for predicting 
CRC, and can therefore be used as an effective prognos-
tic indicator for postoperative survival, which will benefit 
clinicians in their decision making processes regarding 
individual patient treatment strategies and medication 
plans.

Abbreviations
CRC	� Colorectal Cancer
SII	� Systemic Immune-Inflammation Index
PNI	� Prognostic Nutritional Index
AUC	� Area Under the Curve
ROC	� Receiver Operating Characteristic Curves
CEA	� Carcinoembryonic Antigen
CA19-9	� Carbohydrate Antigen 19 − 9
TP53	� Tumor Protein p53
BMI	� Body Mass Index
OS	� Overall Survival

Acknowledgements
We appreciate the data collectors, supervisors, and study participants for 
their courtesy and cooperation, without whom the study would not have 
been possible to complete the entire data collection process. We alao thank 
International Science Editing (​h​t​t​p​:​​​/​​/​w​w​​w​.​i​​n​t​e​​r​n​a​t​​i​o​n​​a​l​​s​c​i​e​n​c​e​e​d​i​t​i​n​​g​.​c​o​m) 
for editing this manuscript.

Author contributions
HGQ and QYZ conceived and designed the experiments and supervised 
the study. SFF collected the data. WS and JFW analysed and interpreted the 
data. BJ and SZ applied for approval of ethics. HFL wrote the manuscript and 
supervised the study. All authors read and approved the final manuscript for 
publication.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethical approval
This study involving human participants was approved by the Medical Ethics 
Committee of the Taizhou People’s Hospital Affiliated to Nanjing Medical 
University (Taizhou, China)(No. KY 2024-030-01). The ethics committee waived 
the requirement for informed consent from patients.

Competing interests
The authors declare no competing interests.

Author details
1Department of General Surgery, Taizhou School of Clinical Medicine, The 
Affiliated Taizhou People’s Hospital of Nanjing Medical University, Nanjing 
Medical University, 366 Taihu Road, Taizhou, China
2Postgraduate School, Dalian Medical University, Dalian, China
3Department of Hepatobiliary Surgery, Taizhou School of Clinical 
Medicine, The Affiliated Taizhou People’s Hospital of Nanjing Medical 
University, Nanjing Medical University, Taizhou, China
4Hefei High-Tech Cardiovascular Hospital, Hefei, China
5Taizhou Clinical Medical College, Nanjing Medical University, Nanjing, 
China
6Department of Orthopedics, The First Affliated Hospital of Chongqing 
Medical University, Chongqing, China
7Orthopedic Laboratory of Chongqing Medical University, Chongqing, 
China

http://www.internationalscienceediting.com


Page 9 of 10Li et al. BMC Cancer          (2025) 25:403 

Received: 9 July 2024 / Accepted: 27 February 2025

References
1.	 Colon, Cancer. Am Fam Physician. 2018;97(10):Online.
2.	 Lannagan TR, Jackstadt R, Leedham SJ, Sansom OJ. Advances in colon cancer 

research: in vitro and animal models. Curr Opin Genet Dev. 2021;66:50–6.
3.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray 

F. Global Cancer statistics 2020: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2021;71(3):209–49.

4.	 Baidoun F, Elshiwy K, Elkeraie Y, Merjaneh Z, Khoudari G, Sarmini MT, Gad M, 
Al-Husseini M, Saad A. Colorectal Cancer epidemiology: recent trends and 
impact on outcomes. Curr Drug Targets. 2021;22(9):998–1009.

5.	 Shah SC, Itzkowitz SH. Colorectal cancer in inflammatory bowel disease: 
mechanisms and management. Gastroenterology 2022, 162(3):715–730.

6.	 Su Y, Yuan Y, Feng S, Ma S, Wang Y. High frequency stimulation induces Sonic 
Hedgehog release from hippocampal neurons. Sci Rep. 2017;7:43865.

7.	 Bai X, Wei H, Liu W, Coker OO, Gou H, Liu C, Zhao L, Li C, Zhou Y, Wang G, et 
al. Cigarette smoke promotes colorectal cancer through modulation of gut 
microbiota and related metabolites. Gut. 2022;71(12):2439–50.

8.	 Bardou M, Barkun AN, Martel M. Obesity and colorectal cancer. Gut. 
2013;62(6):933–47.

9.	 Breakwell GM. Are you stressed out? Am J Nurs. 1990;90(8):31–3.
10.	 El MH, Hamdy NM, Mostafa DM, Amin AI. The Serine protease granzyme 

B as an inflammatory marker, in relation to the insulin receptor cleavage 
in human obesity and type 2 diabetes mellitus. J Interferon Cytokine Res. 
2014;34(3):179–86.

11.	 Motsuku L, Chen WC, Muchengeti MM, Naidoo M, Quene TM, Kellett P, 
Mohlala MI, Chu KM, Singh E. Colorectal cancer incidence and mortality 
trends by sex and population group in South Africa: 2002–2014. BMC Cancer. 
2021;21(1):129.

12.	 Gupta A, Gupta E, Hilsden R, Hawel JD, Elnahas AI, Schlachta CM, Alkhamesi 
NA. Preoperative malnutrition in patients with colorectal cancer. Can J Surg. 
2021;64(6):E621–9.

13.	 Martinez-Ortega AJ, Pinar-Gutierrez A, Serrano-Aguayo P, Gonzalez-Navarro 
I, Remon-Ruiz PJ, Pereira-Cunill JL, Garcia-Luna PP. Perioperative Nutritional 
Support: A Review of Current Literature. Nutrients 2022, 14(8).

14.	 Mohri Y, Inoue Y, Tanaka K, Hiro J, Uchida K, Kusunoki M. Prognostic nutritional 
index predicts postoperative outcome in colorectal cancer. World J Surg. 
2013;37(11):2688–92.

15.	 Shen F, Ma Y, Guo W, Li F. Prognostic Value of Geriatric Nutritional Risk Index 
for Patients with Non-Small Cell Lung Cancer: A Systematic Review and Meta-
Analysis. Lung 2022, 200(5):661–669.

16.	 Elanany MM, Mostafa D, Hamdy NM. Remodeled tumor immune microen-
vironment (TIME) parade via natural killer cells reprogramming in breast 
cancer. Life Sci. 2023;330:121997.

17.	 Ishiguro T, Aoyama T, Ju M, Kazama K, Fukuda M, Kanai H, Sawazaki S, 
Tamagawa H, Tamagawa A, Cho H, et al. Prognostic nutritional index as a 
predictor of prognosis in postoperative patients with gastric Cancer. Vivo. 
2023;37(3):1290–6.

18.	 Zhang L, Ma W, Qiu Z, Kuang T, Wang K, Hu B, Wang W. Prognostic nutritional 
index as a prognostic biomarker for Gastrointestinal cancer patients treated 
with immune checkpoint inhibitors. Front Immunol. 2023;14:1219929.

19.	 Huang H, Liu Q, Zhu L, Zhang Y, Lu X, Wu Y, Liu L. Prognostic value of 
preoperative systemic Immune-Inflammation index in patients with cervical 
Cancer. Sci Rep. 2019;9(1):3284.

20.	 Hu B, Yang XR, Xu Y, Sun YF, Sun C, Guo W, Zhang X, Wang WM, Qiu SJ, Zhou 
J, et al. Systemic immune-inflammation index predicts prognosis of patients 
after curative resection for hepatocellular carcinoma. Clin Cancer Res. 
2014;20(23):6212–22.

21.	 He L, Xie X, Xue J, Xie H, Zhang Y. Association of the systemic immune-
inflammation index with all-cause mortality in patients with arteriosclerotic 
cardiovascular disease. Front Cardiovasc Med. 2022;9:952953.

22.	 Hammad R, Aglan RB, Mohammed SA, Awad EA, Elsaid MA, Bedair HM, 
Khirala SK, Selim MA, Abo EA, Rushdi A et al. Cytotoxic T cell expression of 
Leukocyte-Associated Immunoglobulin-Like Receptor-1 (LAIR-1) in viral 
hepatitis C-Mediated hepatocellular carcinoma. Int J Mol Sci 2022, 23(20).

23.	 Hammad R, Eldosoky MA, Elmadbouly AA, Aglan RB, AbdelHamid SG, Zaky 
S, Ali E, Abd EHF, Mosaad AM, Abdelmageed NA, et al. Monocytes subsets 

altered distribution and dysregulated plasma hsa-miR-21-5p and hsa-miR-
155-5p in HCV-linked liver cirrhosis progression to hepatocellular carcinoma. 
J Cancer Res Clin Oncol. 2023;149(17):15349–64.

24.	 Liu B, Wang J, Li YY, Li KP, Zhang Q. The association between systemic 
immune-inflammation index and rheumatoid arthritis: evidence from 
NHANES 1999–2018. Arthritis Res Ther. 2023;25(1):34.

25.	 Xie R, Liu X, Wu H, Liu M, Zhang Y. Associations between systemic immune-
inflammation index and abdominal aortic calcification: results of a nation-
wide survey. Nutr Metab Cardiovasc Dis. 2023;33(7):1437–43.

26.	 Liu JM, Wang YY, Liu W, Xu D, Wang K, Xing BC. Preoperative CA19-9: a 
competitive predictor of recurrence in patients with colorectal cancer liver 
metastases after hepatectomy. Int J Colorectal Dis. 2021;36(4):767–78.

27.	 Ushigome M, Shimada H, Miura Y, Yoshida K, Kaneko T, Koda T, Nagashima 
Y, Suzuki T, Kagami S, Funahashi K. Changing pattern of tumor markers in 
recurrent colorectal cancer patients before surgery to recurrence: serum p53 
antibodies, CA19-9 and CEA. Int J Clin Oncol. 2020;25(4):622–32.

28.	 Galli C, Basso D, Plebani M. CA 19– 9: handle with care. Clin Chem Lab Med. 
2013;51(7):1369–83.

29.	 Yu D, An G, Yao J. Lymphocyte-to-monocyte ratio combined with CA19-9 
for predicting postoperative recurrence of colorectal cancer in patients with 
diabetes. J Clin Lab Anal. 2021;35(9):e23944.

30.	 Giannakis M, Mu XJ, Shukla SA, Qian ZR, Cohen O, Nishihara R, Bahl S, Cao 
Y, Amin-Mansour A, Yamauchi M, et al. Genomic correlates of Immune-Cell 
infiltrates in colorectal carcinoma. Cell Rep. 2016;15(4):857–65.

31.	 Zhang C, Liu J, Xu D, Zhang T, Hu W, Feng Z. Gain-of-function mutant p53 in 
cancer progression and therapy. J Mol Cell Biol. 2020;12(9):674–87.

32.	 Kubota K, Ito R, Narita N, Tanaka Y, Furudate K, Akiyama N, Chih CH, Komatsu 
S, Kobayashi W. Utility of prognostic nutritional index and systemic immune-
inflammation index in oral cancer treatment. BMC Cancer. 2022;22(1):368.

33.	 Rudnik-Jansen I, Howard KA. FcRn expression in cancer: mechanistic basis 
and therapeutic opportunities. J Control Release. 2021;337:248–57.

34.	 Jeng LB, Chan WL, Teng CF. Prognostic significance of serum albumin level 
and albumin-Based Mono- and combination biomarkers in patients with 
hepatocellular carcinoma. Cancers (Basel) 2023, 15(4).

35.	 Paul M, Itoo AM, Ghosh B, Biswas S. Current trends in the use of human 
serum albumin for drug delivery in cancer. Expert Opin Drug Deliv. 
2022;19(11):1449–70.

36.	 Wang Z, Wang Y, Zhang X, Zhang T. Pretreatment prognostic nutritional index 
as a prognostic factor in lung cancer: review and meta-analysis. Clin Chim 
Acta. 2018;486:303–10.

37.	 Zhang X, Liu Y, Mu D. Influence of prognostic nutritional index on the surveil-
lance after Surgery-Based systematic therapy for breast Cancer. Am Surg. 
2023;89(12):6157–71.

38.	 Li J, Cao D, Huang Y, Xiong Q, Tan D, Liu L, Lin T, Wei Q. The prognostic and 
clinicopathological significance of systemic Immune-Inflammation index in 
bladder Cancer. Front Immunol. 2022;13:865643.

39.	 Guo W, Song Y, Sun Y, Du H, Cai Y, You Q, Fu H, Shao L. Systemic immune-
inflammation index is associated with diabetic kidney disease in type 2 dia-
betes mellitus patients: evidence from NHANES 2011–2018. Front Endocrinol 
(Lausanne). 2022;13:1071465.

40.	 Mahemuti N, Jing X, Zhang N, Liu C, Li C, Cui Z, Liu Y, Chen J. Association 
between Systemic Immunity-Inflammation Index and Hyperlipidemia: A 
Population-Based Study from the NHANES (2015–2020). Nutrients 2023, 
15(5).

41.	 Thakur S, Dhapola R, Sarma P, Medhi B, Reddy DH. Neuroinflammation in 
Alzheimer’s disease: current progress in molecular signaling and therapeutics. 
Inflammation. 2023;46(1):1–17.

42.	 Wang RH, Wen WX, Jiang ZP, Du ZP, Ma ZH, Lu AL, Li HP, Yuan F, Wu SB, Guo 
JW, et al. The clinical value of neutrophil-to-lymphocyte ratio (NLR), systemic 
immune-inflammation index (SII), platelet-to-lymphocyte ratio (PLR) and 
systemic inflammation response index (SIRI) for predicting the occurrence 
and severity of pneumonia in patients with intracerebral hemorrhage. Front 
Immunol. 2023;14:1115031.

43.	 Geranpayehvaghei M, Dabirmanesh B, Khaledi M, Atabakhshi-Kashi M, Gao 
C, Taleb M, Zhang Y, Khajeh K, Nie G. Cancer-associated-platelet-inspired 
nanomedicines for cancer therapy. Wiley Interdiscip Rev Nanomed Nanobio-
technol. 2021;13(5):e1702.

44.	 Sabrkhany S, Kuijpers M, Oude EM, Griffioen AW. Platelets as messengers of 
early-stage cancer. Cancer Metastasis Rev. 2021;40(2):563–73.

45.	 Hedrick CC, Malanchi I. Neutrophils in cancer: heterogeneous and multifac-
eted. Nat Rev Immunol. 2022;22(3):173–87.



Page 10 of 10Li et al. BMC Cancer          (2025) 25:403 

46.	 Adrover JM, McDowell S, He XY, Quail DF, Egeblad M. NETworking with can-
cer: the bidirectional interplay between cancer and neutrophil extracellular 
traps. Cancer Cell. 2023;41(3):505–26.

47.	 Que H, Fu Q, Lan T, Tian X, Wei X. Tumor-associated neutrophils and 
neutrophil-targeted cancer therapies. Biochim Biophys Acta Rev Cancer. 
2022;1877(5):188762.

48.	 Chen YC, Chiang YF, Lin YJ, Huang KC, Chen HY, Hamdy NM, Huang TC, Chang 
HY, Shieh TM, Huang YJ et al. Effect of Vitamin D Supplementation on Primary 

Dysmenorrhea: A Systematic Review and Meta-Analysis of Randomized Clini-
cal Trials. Nutrients 2023, 15(13).

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Prognostic value of the preoperative prognostic nutritional and systemic immunoinflammatory indexes in patients with colorectal cancer
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study participants
	﻿Data collection
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics of five-year survival in patients with CRC
	﻿﻿﻿﻿﻿Construction of a five-year survival prediction model for patients with CRC
	﻿Survival analysis of prognosis of patients with CRC
	﻿Establishment and efficacy evaluation of a prognostic predictive model for CRC

	﻿Discussion
	﻿Recommendations and future perspectives
	﻿Conclusion
	﻿References


